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HR Analytics to Understand Employees’ Behavior
against HR Policies Changes in the UAE

Dr. Wafa Qadadeh® & Dr. Vinayak Mysore®

ABSTRACT

Data analytics has been an emerging topic in the
past decade. The recent literature has shown that
there is a gap in the Human Resources (HR)
Data Analytics in general. We intend in this
research to address the absence of HR Data
Analytics in the government of the UAE. The gap
is broader when trying to study the consequences
of HR law and policy change using the HR data
analytics. In this paper, we are trying to
understand how changes in HR policies can
affect employees’ performance. The empirical
study we are proposing shows how HR analytics
could help HR policies maker to investigate the
effect of policies changes on employees’ behavior.

The study also helps the decision makers to take
data driven decisions. The statistical results
presented in this research have shown that there
is an effect of HR policy changes on employees’
behavior. Changing the annual leave balance on
a particular set of employees has affected the
behavior of employees by extensive usage of
other types of alternate leaves that they can
avail.

Keywords: data analytics, hr analytics, people
analytics, hr policies changes, employee’s
behavior.

. INTRODUCTION

The past few years have witnessed a rapid growth
in data analytics and its applications. The
exponential increase of the data collected from
different sources prepared the data analytics to be
an emerging domain [1]. Human Resources (HR)
and its Management Systems (HRMS) is one of
the common data sources for data analytics
especially in the public sector. HR Analytics or
People Analytics recently has proved that it helps
organizations to explore the potentials of their
human capital and pro-act to resolve their

© 2022 London Journals Press

challenges. This growth also arises from the use of
data science and advanced data analytics to
visualize complex data. This HR data would cover
the employee data as individual, as a team
member, and as part of an organization to provide
knowledgeable insights and decisions [2]. The
quality of HR is critical for organization to sustain
competing within information and knowledge era

[2].

There is insufficient number of empirical studies
addressing HR analytics. Only 16% of
organizations use HR Analytics for reporting,
because of which, HR Analytics is considered as
an innovation source for organizations [4]. The
role of HR practices and laws have extensively
been addressed in many studies and their
importance were acknowledged. Nevertheless,
these kinds of studies are not yet common in the
public sector [5]. Al-Ayed (2019) claimed that
there are many studies which addressed the
organizational flexibility in different dimensions.

However, there are only a few researchers who
handled the impact of human resource practices
or policies on the employee’s flexibility. These few
studies claimed that human resource analytics
would develop organization’s ability to adapt and
sustain [6]. Other studies such as Munshi (2019)
also highlighted the gap of empirical analysis to
examine the impact of human resources policies
on public organizations. Munshi’s (2019) study
covered the women engagement issue in the
Indian army and the effect of HR policies changes
on this dimension [7]. While Baruch and
Forstenlechner (2017) in their study conducted a
qualitative approach, using interviews with
United Arab Emirates (UAE) expats from
different domains. The study covered the motives
behind expatriation in the UAE. Baruch and
Forstenlechner (2017) study also claimed that the
research in this domain is very rare and there is a

London Journal of Research in Computer Science and Technology
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gap in the HR analytics in the gulf region in
general [8]. Also the recent work of Alsuliman and
Elrayah (2021) has highlighted the gap in this
domain and has claimed that the HR analytics
projects are currently adopted by individuals or
HR professionals, but not yet by organizations. A
descriptive survey research design with 168 HR
professionals in Manufacturing Companies in the
Saudi Arabia was conducted. The study has
provided number of recommendations to improve
the level of HR analytics adoption and
implementation in the Gulf Region [9].

In our study, we are addressing the absence of HR
analytics implementation in the governments of
the gulf region, specifically the UAE. This study is
different than other studies in more than one
dimension. The first dimension is that we are
conducting an empirical study using advanced
statistical techniques. We also use a novel HR
data set that has never been investigated or
researched upon yet. We use dataset from the
UAE Federal Government HRMS system
and not from a survey.

Which makes our data high quality, less biased,
and with no intuition [27]. Our data set is also
different from others, since it includes a diverse
64 different nationalities. The dataset is also
covers 20 of different job domains, includes
different business functions (core and support) in
42 organizations. The data set includes employees
with ranging ages from 20 to 70 years, 6 different
education levels, and covers 7 different locations.

In addition, this is the first research that address
the HR data analytics in the UAE and its
utilizations. This is the first study to explore the
UAE employees’ behavior against HR policies
changes.

1.1 Research Problem, objectives and Questions

In this research, we address the problem of the
absence of HR analytics implementation in the
government of the UAE. Our main goal is to
understand the effect of HR policies changes on
UAE employees’ behavior utilizing HR data
analytics. Hence, we aim at exploring:

e How HR analytics could help HR policies
maker to investigate the effect of policies
changes on employees’ behavior?

e How data analytics could aid the HR policy
makers to take data driven decisions?

1.2 Contribution
This paper proposes two contributions:

e This is the first published study using the UAE
Federal Government HR data.

e This is the first study to investigate the effect
of HR policy changes on Employees in the
UAE federal government using HRMS data.

We examined the effect of the HR policies changes
empirically through statistical analysis approach.
Our empirical investigation led us to formulate
our hypothesis as below:

Null Hypothesis: Ho: “There is no change in the
distribution of leaves taken by the employees
before the policy change and after the policy
change”

Alternate Hypothesis: Ha: “There is a significant
change in the distribution of leaves taken by the
employees before the policy change and after the
policy change”

The rest of this paper is organized as follows: In
the next section, we will cover a great amount of
the literature and related work. Then we will
explain the procedure we followed in our study
(Methodology). Then we will summarize this
research results, and at the end we will conclude
this paper with the conclusion and discussion
section.

ll.  LITERATURE REVIEW

Data analytics is the exploration and discovery of
important and motivating patterns within large
volumes of data [3]. When this data is the
employees’ personnel data such as demographics,
education, job details, compensations, it can be a
source of HR analytics for knowledge discovery
and decision-making. HR data analytics includes
many data analytics techniques such as statistics,
visualization, and advanced analytics techniques

[3].

HR Analytics to Understand Employees’ Behavior against HR Policies Changes in the UAE
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In Stephens et al. (2020) paper, the author
defined the change in organization as
“modifications such as stopping over something,
continuing it, or taking an initiative for some
possible amendments etc” [26]. While Bambale et
al. (2021) defined the change as changing the
current organization procedures, activities,
strategies, systems, policies, management and
principles. Most changes in Bambale et al. (2021)
point of view would affect stability, employee
satisfaction, and trust within organizations [25].

The Human Resources Management Systems
(HRMS) showed an important impact in
organizations development. HRMS provides the
management with the required data to be able to
evaluate their employees’ performance and
improve it in order to improve the organization.
HRMS is the source of information where
employees can find their data, objective, and
tasks. These tasks and objectives are inherited
from the organization or business strategy and
operational objectives, so it connected the
employee with his organization objectives. HRMS
enables workforce sustainability, save budgets
and increase profits [13].

While Marler and Boudreau (2017) reviewed the
literature of HR analytics using 60 articles from
different publications. Marler and Boudreau
(2017) defined the HR analytics as:” an
evidence-based approach for making better
decisions on the people side of the business; it
consists of an array of tools and technologies,
ranging from simple reporting of HR metrics all
the way up to predictive modeling”. Also Marler
and Boudreau (2017) argued that the main four
components for HR analytics are logic, analytics,
measures, and processes. In addition, Marler and
Boudreau (2017) claimed that using explicit
theoretical framework is very rare in the reviewed
part of the literature. Only 4 papers of the 60
reviewed by the authors are empirical analysis,
one of them only linked the HR analytics with
organization performance. The results of these
empirical researches have shown that there is a
strong cause-effect relationship between HR
Analytics and financial performance of an
organization. The paper summaries the
requirements of implanting a successful HR

analytics in 3 requirements: having professional
and analytical competencies, and a managerial
ability to adopt the concept and HR management
system. As a conclusion, the good quality
evidence-based research is very rare in the topic
of HR Analytics [4].

According to Harvard Business 2018 Review [27],
Google people analytics department was actively
hiring employees, at the same time companies
were still struggling in HR analytics investment.

As per Leonardi and Contractor (2018), HR
analytics using statistics from employee’s data to
make decisions are provocative, suspect, and
novel. HR collect employee’s data but they are not
using it in advanced analytics to understand and
manage their organizations. HR analytics
progress in the past decade was modest compared
with the volume and speed of data organizations
are collecting. Tata Consultancy Services survey
showed that only 5% of the big data investments
go to HR analytics. In addition, Deloitte said only
9% of HR professionals understand which Human
Capital factor drive performance in their
organizations. The authors also claimed that most
of the HR analytics depend on individual data
more than relational data. Relational data as
defined by Leonardi and Contractor (2018): is the
data created from files sharing, emails, and chats.

Leonardi and Contractor (2018) also claimed that
using Surveys will not generate accurate data and
it will get biased results too. They also argue that
Companies need to issue HR policies for digital
exhaust data gathering and analysis that would be
comfortable for employees to understand [27].

In the work of Simén and Ferreiro (2018), the
authors conducted a case study using data from
multinational fashion company to illustrate the
process of HR analytics. Sim6n and Ferreiro
(2018), proposed process is different from other
implementations in the sense of developing HR
analytics with collaboration of practitioner and
scientists. The authors claimed that the gap
between researchers and practitioners in the HR
Analytics has been consuming a grate part of the
literature. The authors argued that the gap is to
the level of approaches, language used, and
interpretation of the results. In addition to that,

HR Analytics to Understand Employees’ Behavior against HR Policies Changes in the UAE
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researcher prefers to produce knowledge rather
than collaborate with practitioner. The study
explains: how research methods and the
researcher’s management skills can build the
basics of HR analytics infrastructure and future
practices. The authors also claimed that there are
no enough evidences about the strategic usage of
HR analytics. Sim6n and Ferreiro (2018) also
addressed number of the challenges and
limitations of HR analytics. It also, illustrated the
efforts to build a successful HR Analytics
infrastructure through collaboration between the
researchers and the practitioner. The study
determines specific number of skills such as
business research methods, analytical skills,
question mind-set that derives the objectives,
analysis, and interpretation [29].

Minbaeva (2018) argued that HR analytics played
an important role in addition to storing huge
volume of data and building complicated
dashboards. The author claimed that the value of
HR analytics constructed of three components.
First, HR analytics is the data driven decision tool
that changes the decision makers’ attitudes to
prove their decisions by evidences. Second, it
helps the organization to ask the right questions
about its employees, performance and plans.

Third, helps the governments to manage changes
in behaviors, competences, culture, and processes
and being responsible about the change [14].

Alamsyah and Salma (2018) emphasized one of
the most important problems in HR analytics.
Alamsyah and Salma (2018) argued that,
employees’ attrition has a massive effect on
organizations. There are three different
dimensions for the effect of attrition on
organizations from Alamsyah and Salma (2018)
point of view. First, the cost, effort and time
needed to find a replacement. Second the
workload if that replacement is not available.
Third, the effect of employee absence on client’s
satisfaction. The analysis done using HRMS data
for a telecommunication Indonesian company.
The author conducted a forecasting model to
predict the employee attrition rate. Advanced data
science techniques such as decision tree, and the
naive bayes used [15].

Khera and Divya (2018) paper, also used HR
analytics to solve the same challenge as [15]. The
authors conducted a forecasting model to predict
the attrition in IT companies in India. The study
shown that SVM technique outperformed other
techniques with accuracy of 85%. The study
resulted with that: the age, marital status, job
level, job profile, and job role strongly affected the
turnover in the information technology
organizations in India. At the same time, it
showed that there is no importance for gender,
person previous experiences, and employee’s
business travels [16].

In the study of Zhang et al. (2019), the author
argued that training as HR practice, is not only
important for the employees’ competencies, but
also a guarantee of HR sustainability. The paper
studied the employees’ training behavior using its
social network. The paper explored the employee
training behavior and recommended number of
actions. The results showed that there is an effect
of the society on the corporate training [17].

In the study of Nengsih and Zain (2020), the
author used employee time attendance data for
clustering analysis. K-means algorithm used to
find 3 employees’ clusters. Finding different
cluster helped the organization to derive decision
based on data and to evaluate its employees’
performance [18].

The earlier work of Delmas and Pekovic (2018),
conducted a clustering analysis too. The dataset
consists of 4,640 employees from 1,764 different
domains. Also, K-means algorithm has used to
find the clusters of employees. The study has
found that there is a correlation between the
social media behavior of a member and the group
innovation in the organization. The study also has
found that there is a positive relation between
innovation and employee’s reward. There is a
negative correlation between assignments load
and innovation using regression analysis [19].

The goal of Yong et al. (2020) study is to examine
the effect of HR environment friendly practices on
the organization sustainability. The study tried to
align the organization strategies with the
environment. The study has focused on six HR
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functions. Job Description, recruitment, selection,
training, evaluation, and rewards. They conducted
a survey to collect the data from a manufacturing
domain with more than 200 employees in
Malaysia. The empirical study statistical analysis
had shown that only two of the six green practices
or functions positively influenced the relationship
with sustainability. Only green recruitment and
green training practices recorded a statistically
significant acceptance of the hypothesis. The
study has statistically proved that the changes in
HR policies toward green HR has affected the
employees’ behavior. The effect reflected as
environmentally commitment and culture
throughout the domain of manufacturing. This
kind of commitment and culture would maintain
the business sustainability [10]. The work of Yong
et al. (2020) is relate to ours in the sense of its
goal to understand the effect of HR policies
changes on the employees. The study also
followed an empirical approach, but the study is
different in using a survey instead of using the
real data it has in the HR systems.

The study of Malik and Garg (2017) is aiming to
understand the relationship between HR practices
and the employees’ flexibility to changes. The HR
practices in Malik and Garg (2017) covered are the
learning culture, the reviews and discussions, the
structure of sharing knowledge. The authors
conducted the empirical study was using a
questioner that has been answered by 510
employees. The employees are working in 14
different IT companies in India. The research
recorded a significant relationship between the
studied variables and the ability of employees to
adapt with the changes in the HR practices and
the organization changes in general. IT also
proposed a framework to be utilized in the future
by HR professionals and researchers to
investigate the effect of policies changes on the
workforce. The study claimed that change and
innovation are  significant sources for
competitiveness and commitment to change is a
requisite for sustainability, especially in a
dynamic domain such as IT. The study argued the
aggressive nature of the IT domain in the sense of
working in extensive projects, deadlines, dynamic
skills, that make this research important. While

we believe that this would be one of the weakness
points of the study, where it should cover different
domains not only IT. The study is also different in
using a questionnaire instead of using the real
dataset from its ERPs or HRMS. The study is
relate to ours in the sense of its target to
investigate the effect of HR changes on the
employees. The study also followed an empirical
approach.

The work of Bodla and Ningyu (2017) had the aim
of investigate the effect of HR changes on
employee performance and behavior. The data
collected from a large multinational technology
company in China. The study has used a survey to
collect the data from 250 participants. The
authors conducted a linear regression analysis to
examine the hypothesis. The results have shown
that the changes in HR practices positively
affecting the behavior of the employee [12]. Bodla
and Ningyu (2017) study is different from our
study in using a survey not data from the
organization HRMS. In addition, they cover only
employees in the technology domain while our
study includes employees from different domains.
The paper of Bodla and Ningyu (2017) is related
to our study in investigating the effect of HR
practices changes on employee behavior. It is also
related to ours in empirically validate its
argument that changes in HR practices positively
influence employee and organizations
performance.

The data were used in Simén and Ferreiro (2018)
study collected from 244 Zara stores in Spain with
9112 employee using HRMS. The authors
conducted a clustering analysis to understand the
different groups of stores. One of the groups were
tagged as a very successful in productivity and
efficiency. Simoéon and Ferreiro (2018) concluded
with list of recommendations such as the HR
departments should start to understand what
make these stores successful and share the factors
with other stores. At the same time, the turnover
rate of the successful stores was very high. The
second group was the average group in
performance but with the lowest workday hours.
The third group is the lowest in productivity and
efficiency and the highest rate of absence. The
authors also adopted the argument saying that

HR Analytics to Understand Employees’ Behavior against HR Policies Changes in the UAE
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applications and platforms are capable for data
reporting, but not for developing insights about
employees and their contribution to the business.
Studies have shown that implementing HR
analytics is an innovative initiative for HR
department. This interest and innovation effort
would improve the HR toward resolving the
business problems and HR strategic. Although
studies have shown that, the distance is still long
for HR managers to prove a real adoption of HR
analytics [29].

The work of Dalvi (2019) has shown that there is
an effect of HR practices changes such as
competency enhancement initiatives and the
employee performance. The data used in this
study were collected from 109 employees in the
manufacturing sector using a questionnaire. The
analysis has shown that implementing new
initiatives in competency enhancement improved
the employee knowledge, self-confidence, and job
performance significantly [24]. The study is
similar to our work in the sense of its objectives
and aims, but the data used is collected from
questionnaires in a specific domain.

In the study of Igbal et al. (2020), the authors
claimed that the utilizing sustainable leadership
in organizations influences the learning and
development of employees, authorization, and
performance. The study also has proved that
higher level of authorizations would lead to
sustainable performance. The study collected data
form a survey on 369 small medium businesses in
Malaysia, Indonesia, and Brunei Darussalam. An
empirical analysis was conducted to confirm the
hypothesis. The study has reported five different
contributions as an empirical proof of the effect of
sustainable = development implication on
organizations. First, it encourages recruitment of
sustainable leaders in the organization or training
the current manager to sustainable practices.
Second, it highlighted the importance of
modifying the evaluation systems of top
management with respect to the sustainable
development goals. Third the need to improve the
employees training activities to enhance the
organizational development to adapt with future
initiatives and projects. Fourth, optimize the
learning climate by perceiving the psychology of

authorization. Fifth, control the low rate of
authorization of stakeholders to maintain the
relationship between development  and
sustainable performance [20]. Igbal et al. (2020)
study related to our study in studying the effect of
HR practices on employee behavior such as
leadership and training. The authors are also
using empirical analysis to validate the proposed
hypothesis. The point of weakness of this study
are first: using a survey data not data from HRMS.
The second weakness is that the author is using
data from 3 countries while in our study the data
includes 64 different nationalities.

Antcliff et al. (2020) in their paper aimed to
explore the characteristics of the organization that
outsource HR support and the reasons of such
behavior in small and medium-sized businesses.

The authors studied the behavior of employees in
organizations that seek such HR practice from
different dimensions. The main objective is to
explore whether these organizations use
outsource employees pursuing HRM information
or strategic HRM. The data used for this study is
the UK Longitudinal Small Business Survey or
LSBS collected from 15,500 respondents in the
year of 2015. In addition to the survey, the
authors interviewed 9,123 employers with at least
one employee plus the business owner or
partners. The survey analysis has shown that few
small to medium business outsource HR support
for the purpose of HR information than strategic
HR. The analysis also has shown that the reason
of this practice is employee shortage during
organization changes and challenges. The authors
conducted a hierarchical binary logistic regression
to study the effect of attributes such as
demographics, problems with HRM on strategic
HR. The research also studied the likelihood of an
organization to seek HRM information or
strategic consultancy [30].

The paper of Ahmad et al. (2020) aimed to
explore the effect of knowledge based HR
practices on innovation. The authors argued that
transforming from classical HR to Knowledge
base HR would improve the HR services. The
study has covered 278 sample from small and
medium size business using a survey from
Malaysia. The study results shown that
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knowledge-based HR practices positively affect
the innovation in the targeted organizations. The
study has also proved that using knowledge-based
HR practices provides dynamic capability to
business  dimensions such as  projects
management, marketing skills, and technology
[21]. The study is related to ours in the objectives
but not in the implementation. It covers small and
medium size private business not governmental
organizations. It also used data from a survey not
from the HRMS.

The work of Mattar (2021) studied the employees’
acknowledgments of the organization innovation
role in their acceptance and readiness behavior
during emergency. It also addresses the
importance of using social media during the crisis
for knowledge sharing and support from the
organization policies maker. These two HR
practices have their effect on the employees’
behavior and reactions. The data used in the study
was collected through a semi-structured interview
with 10 faculty members in a Lebanese university.
The results has shown that during crisis the
organization innovation had been activating the
adaptation of change within its employees. The
urgency enhanced the commitment of change
adoption and implementation within organization
employees. One of the important result of this
study is that it shows that innovation
implementation requires a cooperative approach.
It also shows that knowledge sharing using
informal mechanism and person-focused
development is a mean of adaptation with crisis.
The study has found that the proactive supporting
nature or behavior of employee is a culture related
phenomena especially in assembled cultured
environment. In addition, it encourages the
managers to introduce new conditions that would
change the environment frequently to keep their
employees practicing the dynamic mode of
changes and minimize the stress and anxiety [22].
The study is related to ours in the objective of
studying the employees’ behavior against changes,
but it is different in the data used to investigate
this.

While in the work of Ali et al. (2021), the authors
conducted statistical analysis to explore the
relationship between employee satisfaction and

motivation at work. The study also investigated
other factors such as culture, rewards,
relationship between the employee and the
manager. The data collected from 128
questionnaires with banking employees. The
result has shown that compensations have strong
correlation with job satisfaction. It also shown
that motivation and recognitions of motivation
has significant positive relationship with job
satisfaction. The study also highlighted the effect
of frequently training and development on
employee satisfaction compared with seasonal
training [23]. The research is similar to ours in the
sense of the objectives and aims and the
methodology, but it is different in the type of
dataset used.

In the work of Bambale (2021), the authors
claimed that HR practices such as employee
motivation, employee commitment, and trust
building have significant effect on organization
changes. It also highlighted the importance of
collaboration between employees to achieve a
successful change. The paper addressed the
importance of organizational practices changes,
especially with dynamic and competitive business
world. It also has explored the change culture and
communication effect on the organizational
change process. The authors have conducted 292
questionnaires with employees and managers in
the medium and large manufacturing enterprises
in Kuala Lumpur, alaysia [25]. The objective of
the study is opposite to our goal. The study
studied the effect of employees’ behavior on the
change process. The study used a questionnaire
not HRMS dataset.

In Jaakko Airaksinen study, the author built a
prediction model to predict the risk for long-term
sick leave. The author argued that sick leaves
considered as a major challenge for organizations
and companies. It would also be a sign for early
death or disability. Forecasting that an employee
is in a risk of long-term sick leave will prepare the
organization to avoid this risk. It would also alert
the employee to change his life style and the
organization to improve the wellbeing of its
employees. The data collected from the Finnish
Public Sector (FPS) study and the Health and
Social Support (HeSSup) study for Finland from
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65,775. The author validated the prediction model
using 13,527 public-sector employees. The author
combined the data with Survey responses on work
and lifestyle questions for the same employees.

The surveyed employee are from different age
groups starting from 20 to 54. The employees are
from municipal domain of 10 Finnish towns
during 2000- 2004. The author focused on sick
leave more than 9 days. The author was able to
use the model to explain the risk of long-term sick
leave >~ 90 days. The model uses 46 predictors
but it was reduced to 17 using LASSO regression.
These predictors include depression, obesity, age,
gender, socioeconomic position, shift work,
working at night, health issues history, smoking.

The study wused Cox proportional hazard
regression models to build multifactorial
predictive algorithm to predict the long-term sick
leave >790 days with (C-statistic 0.73)
discriminative ability [31].

While in the research of A.van Drongelen, the
author built a predictive model to forecast the
long-term sick leave for the employees in
Netherlands Airline Company. Demographic and
job related data collected between the years 2005
to 2008 for 7,652 employees using human
resourced data. The long-term sick leave
considered in this study is >42 consecutive days.

The author used logistic regression technique to
build the prediction model and it was validated
internally for the year of 2009 data. The two-step
prediction technique started by a preselection of
the predictors using univariate logistic regression.

The predictors with the lowest P value are chosen.
Then all the important predictors were used in a
multivariate logistic regression using automatic
backward selection procedure. The author used
Hosmer—Lemeshow test to evaluate the goodness
of the models to fit. In addition, the author used
the Bootstrapping techniques to validate both
models internally by simulating their ability to
explain the variance and the
discriminant analysis. The best predictors found
for this study is a combination of high age,
pregnancy, having parking permission, high job
risks, previous sick leaves, and marriage in the

same period (2005-2008). The data includes
other variables such as gender, nationality, skills,
job titles, service period, etc. The explained
variance by the regression model was low (<15%),
so the author recommended that extra attributes
should be included in the future to predict the sick
leave with higher accuracy [32].

The work of Lauren A., 2019 aimed to explore the
association between shift work disorder and
emotional health for nurses in a hospital. The data
includes 200 nurses in the age between 21 and 65
years and from 0 to 45 years of working in shifts,
and 95% are females. The data collected from
survey for demographic attributes and Shift Work
Disorder Questionnaire, while the sick leave
details collected from HR system. The author used
the backward linear regression analysis using
statistically significant variables. The model
succeeded to predict that 59 nursed are in high
risk of mental health problems and increase in
sick leaves because of work shifts disorder. Shift
work disorder played an important role in
determining the nurses at high risk of High
depression and anxiety. The model has explained
the High depression by 18.8 %. While combining
Shift work disorder with night shifts and alcoholic
drinks explained 49.7% of the anxiety. Depression
and working in shifts for years are accountable
about 18.9% of the increase in sick leaves [33].

. RESEARCH HYPOTHESIS

In our study we are aiming to explore, How HR
analytics could help HR policies maker to
investigate the effect of policies changes on
employees’ behavior? And How data analytics
could aid the HR policy makers to take data
driven decisions?.

The HR policy changes we are investigating is the
changes in annual leave from 30 working days
into 22 working days that happened in UAE
federal government the year 2017.

We are trying to find out if there was any
statistically significant change in the Alternate
leaves taken by the employees after reducing their
annual leaves from 30 days per year to 22 days
per year. The study intends to see how the
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behavior of the targeted employees changed
towards utilizing the other types of leaves or
Alternate leaves that they are allowed to avail. We
are defining our Null (Ho) and Alternate
hypothesis (H1) as below:

Null Hypothesis (Ho): “There is no change in the
mean distribution of the alternate leaves taken by
the employees before the policy change and after
the policy change”

Alternate  Hypothesis (H1): “There is a
statistically significant change in the mean
distribution of the alternate leaves taken by the
employees before the policy change and after the
policy change”.

We set a Confidence interval of 95% for this study.
Therefore, we will conduct an experiment to
measure the relationship between two
variables (dependent and independent variables).
The dependent variable is the mean of the
alternative leave after the policy change. The
independent variable is the mean of the
alternative leave before the policy change.

V. DATA COLLECTION

In this study, we use the experimental research
method to test our hypothesis. We design this
experiment based on real-world use case using

The HRMIS System of UAE Federal Government
maintains the data of 100,000+ employees spread
over a grade structure of 1 to 14 and some special
grades. Out target population is a pool of 6,997
employees from grade 1 and grade 2 who had 30
annual leaves per year. These 30 days was
changed and reduced to 22 annual leaves per year
based on a Decree issued by the Cabinet in the
year 2017. We have collected the federal
government employees’ leave data for the years
2015,2016,2017,2018 and 2019. As, the law
change was done in the year 2017, we consider
this as the base year and treat the 2015 and 2016
as source of data of leave patterns of employees
before law change years. Similarly, data of leave
patterns of employees in the years 2018 and 2019
are considered as after law change years. We are
not considering the employee leaves in the year
2017 as there accruals were rebalanced in this
year, which would add bias in our research study.
In addition, we did not consider the year 2020
due to the covid-19 pandemic and the work from
home special case. Figure 1 is showing the sample
dataset partition.

Change Year

real data from live HRMS.
2015 2016
Before

After Change

L

F 9

In the UAE federal government HRMS, the grade structure has 14 grades. The Law changes regarding

the annual leaves reduction was applied on the employees falling in the first and second Grade. The
total employees in these grades (1st & 2nd) were 7,900.
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Primary Dataset Attributes

Description

Leave Type Types of leaves — Annual |, Sick, Absence,
Permits, Unpaid Leaves, Chronical
Leaves
Categorical Values

Number_Of_|Leaves Numeric Value

Leave Duration Type

Hours, Days, minutes

Numeric Values

Leave Date

DaleTime Value

Employee Name

Varchar

Secondary Dataset  Attributes

Employee Basic Information

Age Numeric Value
Gender Categorical Value
Location Categorical Value

Marital Status

Categorical Value

Mationality Categorical Value
Salary Numeric Value

Job Categorical Value
Grade Categorical Value
Contract Type Categorical Value

Job classification

Categorical Value

Job Family Categorical Value
Hiring date DateTime Value
End of service Date DateTime Value

Location

Categorical Value

Below are number of considerations and
inclusion/exclusion criteria that were put in place
to have the best possible data set for our research
and study:

1.

We considered the employees who were
employed and active in the government
throughout this period of study (2015 to
2019).

The employees who had exemptions based on
their health factors, approved long leave cases,
Diplomats who were on missions in different
countries were excluded from this study to

avoid bias as they were exempted from this
decree.

3. We are not considering the employee leaves in
the year 2017 as there accruals were
rebalanced in this year, which would add bias
in our research study.

4. We did not consider the year 2020 due to the
covid-19 pandemic and the work from home
special case.

The following list of leaves are named as a logical
“Alternative Leave” that an employee can avail
along with the primary Annual Leave:
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1. Absences: When an employee is absent from
work and has not applied for any of the other
leaves.

2. Sick Leaves: When an employee avails leave
up to 5 continuous days due to health reasons
and provides a valid medical certificate.

3. Unpaid Leaves: When an employee avails a
loss of pay leave.

4. Permits: An employee avails exit permit leaves
from office (Maximum of 2 hours in a working
day due to personal or medical reasons)

00
600

(o ) o

B -
, L
0 x X L ]

'] o

We can clearly see that the number of employees taking more number of alternate leaves have
increased after the annual leaves were reduced from 30 days to 22.

Further visualization in figure 4, 5 and 6, showed
us that, the before law change mean of 8.20
alternative leaves has shifted and increased to
10.68 alternative leaves. Therefore, the mean
distribution difference has shifted to the right for
the leaves taken after the law change.

Mean Afler = = = -

Mean Beforg = = = -

- —— =

Figure 5: Difference in Means of Alternative
Leaves before and after

V. DESCRIPTIVE ANALYSIS

Below is a graph which shows the distribution of
the employees who availed the leaves in the
brackets of 0-5,5-10,10,15,15-20,20-25 and so on
(in bins of 5 leaves). The left hand side graph is
showing the distribution of the before law change
years. Similarly, the right hand side graph shows
the distribution of employees in the leaves buckets
after the law change.
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Figure 6: Alternative Leaves Means
Distribution before and after
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VI.  STATISTICAL ANALYSIS RESULTS

In the previous section, we have visually
established that there is an increase in the mean

or average number of leaves. In this section, we
used statistical Z-test to validate our hypothesis.
The P-Value for the Z test were as below:

Mean

Known Variance
Observations
Hypothesized Mean
Difference

z
P(Z<=z) one-tail
Z Critical one-tail
P(Z2<=z) two-tail
z Critical two-tail

Before Law After Law
Change Change
8.204422936 10.686238994
139.73 127.3
6996 6996

0

1268353732

0

1.644853627

0

1.959963985

Figure 7: Z test to test the hypothesis

Since, the p-value is less than 0.05, we reject the
null hypothesis Ho “There is no change in the
mean distribution of leaves taken by the
employees before the law change and after the law
change”.

As shown in the z-test leaves results in Figure 7
(controlled change vs effect of change), the
alternative leaves impact changed from 8.2
(before the change from 30 annual leave days) to
10.68 (after the change to 22 leave days).

The percentage of change increased from the
expected of -26.70% to + 30.20%. Therefore,
instead of decreasing the days of leaves by 26.70%
as expected by the policy makers, it increased by
30.20%. From the above z-test, we argue that:

1. There is a statistically very high significant
change in the number of ‘Alternative Leaves’
availed by the employees as a result of the
reduction in their annual leaves.

2. The number of leaves for the same population
set increased from 57,399 before (2015,2016)
to 74,734 for the years (2018,2019)

3. The 26.7% change in the ‘Annual leaves’
(controlled change from 30 to 22 working
days) resulted in an increase in the ‘Alternate
leaves’(uncontrolled change) by 30.2%

4. Our conclusion was that the average or mean
alternate leaves taken by the employees
increased by 30.20% after their annual leaves
were reduced by 26.7%.

Further to our analysis to find out which of the
Alternative leaves increased, we performed the
same test for all the 4 alternate leaves
individually. Below are the results.
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Absences Before After Sick Leaves Before After
Mean 226 217 Mean 6.47 8.68
Known Variance 14.20 11.76 Known Variance 91.56 61.30
Observations 1605 1605 Observations 6372 5869
Hypothesized Mean Difference 0.00 Hypothesized Mean Difference 0.00
z 0.69 z -14.02
P(Z<=z) one-tail 0.25 P(Z<=z) one-tail 0.00
Z Critical one-tail 1.64 Z Critical one-tail 1.64
P(2<=z) two-tail 0.49 P(Z<=z) two-tail 0.00
z Critical two-tail 1.96 z Critical two-tail 1.96
before after % Change before after % Change
Controlled Change 30 22 -26.7% Controlled Change 30 22 -26.7%
Effect of Change 225 217 -3.9% Effect of Change 6.47 8.68 34.2%
No Significant Changes in Absences as the p- Very Significant Changes in Sick Leaves as the
value is .25 which is < 0.05 (confidence interval) p-value is 0 which is < 0.05 (confidence interval)
and we fail to reject the null Hypothesis HO. and we reject the null Hypothesis HO.

Figure 8: Z-test for different alternative leaves —part 1

Unpaid Leaves before after Permits(Medical/Personal) before after
Mean 5.48 5.91 Mean 3.57 8.15
Known Variance 88.73 61.28 Known Variance 27.44 73.98
Observations 946.00 590.00 Observations 2067.00 2067.00
Hypothesized Mean Difference 0.00 Hypothesized Mean Difference 0.00
z -0.97 z -20.66
P(Z==z) one-tail 0.16 P(Z<=z) one-tail 0.00
z Critical one-tail 1.64 z Critical one-tail 1.64
P(Z<=2) two-tail 0.33 P(Z<=2) two-tail 0.00
z Critical two-tail 1.96 z Critical two-tail 1.96
before after % Change before after % Change
Controlled Change 30 22 -26.7% Controlled Change 30 22 -26.7%
Effect of Change 5.47 5.91 7.9% Effect of Change 3.57 8.14 128.1%
No Significant Changes in Unpaid leaves as the Very Significant Changes in Permits as the p-
p-value is .16 which is < 0.05 (confidence value is 0 which is < 0.05 (confidence interval)
interval) and we fail to reject the null Hypothesis and we reject the null Hypothesis HO.
HO.
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Figure 9: Z-test for different alternative leaves —part 2

As in the below figure the Annual Leave reduction caused a very significant increase in the Sick Leaves
by 34.2%, and the Exit Permits by 128.1%.
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Per Employee Mean Change in # of leaves

ABSENCES SICK LEAVES

UNPAID
LEAVES

PERMITS

® Before Law Change  m After Law Change

VIl.  DISCUSSION AND FUTURE PLAN

Employee data dimensions from relational data,
social media details, etc. have been automated
and stored in HRMS databases. New positions,
qualifications, functions, roles and organizations
will be created and feed HRMS systems. On the
other hand, investigating the hidden knowledge
within this huge volume of data is still emerging.

The research that we have reported in this paper
had one main objective which is: to understand
the effect of HR policies changes on UAE
employees’ behavior utilizing HR data analytics.
While we were in the way of achieving the above
goal, we have recorded two contributions:

e This is the first published study using the UAE
Federal Government HR data.

The reviewed literature has been showing that
there is a gap in this topic [4,5,6,7, ...]. The gap is
significant when we surveyed the region
researches such as in [9].

e This is the first study to investigate the effect
of HR policy changes on Employees in the
UAE federal government using HRMS data.

The related work, about the effect of HR practices
on employee behavior, has also shown that the
researchers and practitioners rarely use HRMS
data. Most of the published work use data
collected through surveys or interviews.

% change

ANNUAL

PERMITS

LUINPAID LEAVES 0%
SICK LEAVES
ABSEMCES -3.9%
-50.0% 0.0% 50.0% 100.0% 150.0%

In our study we have shown how the policy
change causes an unaccounted negative change in
the other areas of interest. When the annual
leaves were reduced, the Sick Leaves and Exit
Permits increased by 34.2% and 128% respectively
for the targeted employees. Based on this study,
we concluded that any future change in Annual
Leave policy has to account for this
aforementioned unaccounted factor before the
implementation of the law. The study helps the
organization to be aware of a future risk, which is
the absence of employees or talents because of HR
low changes. If the employees are handling critical
and leadership positions, this risk will be serious
business challenge.

Detailed studies are further to be conducted on
the effect of this policy on the employee attrition,
employee satisfaction vs the organizational goals
and effect of this policy change on productivity of
the employee. Also, it would be interesting to see
the demographics around the increase in the sick
leaves and exit permits. For example, on which
age group/gender/nationality the impact of this
policy change was the most.

One of the important knowledge that
organizations would give attention to is to
understand their employees’ reactions toward
policies changes using data form HRMS not
through surveys. The usage of HRMS data has led
to interesting knowledge and insights that has
statistically proved with no intuition as per the
results of our study and literature [27] as well.
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The domain of HR Analytics is holding important
promises not only for researchers but also for
stakeholders. HR analytics would be a mean of
improving classical decision-making approaches
in organizations. It would also help the
organization to resolve strategical challenges and
improve workforce and services.

As a future plan, decision makers in the
government should use HR data analytics as a
prerequisite for any future change or decision to
be taken. Trying to find core business problems or
challenges that would be resolved by HR Data
Analytics is inspiring. Also using different HR
datasets in conducting other data analytics studies
is important. Extra efforts to integrate different
datasets such as emails, or Customer Relation
Management, social media, or other data that
would add different dimensions to the analysis.

Studying other dimensions of employees’
reactions such as turnover rate against changes in
an organization is required. Trying to apply
different data analytics tasks such as clustering or
association rules in government HR data deserves
pursuing.
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The Impact of Technology on Knowledge
Retention: A Systematic Review

Dr. Sallam Alsarayreh

ABSTRACT

Innovative Technologies of the 21st century, such
as Haptic technologies, 3D printing, Chatbot,
data mining, and brain-based learning played
an essential role in E-learning, and interactive

teaching techniques to support student
knowledge  management and knowledge
retention. This study aims to provide a

comprehensive analysis of five research articles
published in the conference proceedings and
journals. The main findings of this study indicate
that among the technologies mentioned earlier,
E-learning and virtual environments, where the
most technologies studied in the field, have a
significant impact on knowledge retention.

Furthermore, questionnaires and actual tests for
some technologies were the mainly used research
method in data collection in the context of the
effect of technology on knowledge retention. This
study attempts to show the recent research
progression made in studies considering the
impact of technologies on knowledge retention.
We used a systematic literature review (also
known as a systematic review) to locate, review,
and analyze all related studies on a specific
research subject, topic field, or phenomenon of
interest(Kitchenham et al., 2009).

Keywords: knowledge retention in education. use

ai in knowledge retention, data mining
techniques, chat-bot in education, haptic
technologies in education, three dimensions

printing, brain-based learning, the effect of
technology on knowledge retention, systematic
review.

| INTRODUCTION

In an age of digital transformation which
transformed the educational possibilities to
ensure the knowledge transfer and retention that

© 2022 London Journals Press

the technology benefits students by breaking
down barriers in education and providing a
blissful moment in a variety of settings and
subjects (Iyer, 2020). This study's focus is
educating people in the field of conceptual
learning, with more realistic examples of how to
use technology to recreate the nature of practical
understanding in the educational world and retain
the knowledge of the students.

Knowledge retention is critical in many industries
such as government, health, banking, and
education. Considering COVID19 (viruses that
infect humans) pandemic and transforming the
learning method from manual-based to e
learning, we observe the importance of developing
the education method and saving the knowledge
granted. This paper will focus on the impact of the
new technologies to assist students in learning
their general knowledge subjects and the impact
of these technologies on knowledge retention
instead of the traditional way. We conducted a
systematic literature review for research on
knowledge retention and the effects of technology
usage in education to provide a thorough overview
of the current studies and discuss the implications
of the findings.

Teachers want their students to remember details
for more than a week rather than memorizing
facts for an exam. Teachers are finding it
challenging to teach an ever-increasing amount of
material. The Effect of Technology on Motivation
and Retention for Covering a broad curriculum
result in solid memories in students(Granito,
Chernobilsky and Granito, 2012). Teachers must
find different ways to teach the appropriate
material and help students retain the requisite
knowledge due to the demands of standardized
tests (Granito, Chernobilsky and Granito, 2012).
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This paper will survey selected literature
regarding the aspects of Haptic Technologies was
introduced by L. Liu et al. (Iyer, 2020), which
simply means "ability to touch" or "ability to
grasp" (Revesz, 1950), is a user interface that
allows them to touch virtually, force or control
objects formed and/or displayed in a visual
context (Hegedus, 2013), besides the use of three-
dimensional printing in the classroom to remove
obstacles to learning how students think and
incorporate knowledge into proper subjects (Iyer,
2020) Including AI technologies such as
Chat-bots which have the ability to mimic human
conversation and can offer personalized services
(Dutta, 2017), along with interactive mining,
which enable users to be able to adjust the
objective of a search on the fly, refine mining
requests based on returned results, and drill, dice,
and pivot through the data and information space
interactively with interactive mining (Han,
Kamber and Pei, 2012), and the philosophy of
brain-based or brain-compatible learning theory
focuses on concepts that provide an incentive for
maximum knowledge acquisition and retention
(Furlong, 1982).

The questions that guided this study were

Research Question 1: How can technologies
support knowledge retention?

Research Question 2: Are the new technologies
require to change the teaching methods and
approaches? Discussion: Could we replace the
teacher in the future?

Il LITERATURE REVIEW

Knowledge retention for curriculum learned is a
challenge that persists in education, even though
many methods help students maintain their
knowledge. We see several technologies used in
education to improve teaching in the twenty-first
century, with the digital transformation
reconstruction and improving the education
system. Our literature review analyzes five related
studies on wusing the new technologies in
education and how they affected knowledge
retention.

Virtual reality (Haptic System) is the first
technology, which imitates sight, i.e. the sense of

being present in the real world. Low-cost
consumer VR headsets like the Samsung Gear VR,
Google Cardboard, and Google Daydream have
created a more open digital world than ever
before. Individuals who had spent time in a
virtual reality environment were polled, and the
findings were interpreted using the theories as a
guide. Virtual reality (VR) has also altered the
educational environment. The main aim was to
show that the Virtual Haptic System could be a
helpful interaction technology for improving
human ability in educational settings.

Accordingly, empirical evidence shows that
technology benefits students by breaking down
barriers in education and producing pleasurable
moments in various contexts and topics, all of
which affect their knowledge retention (Huang et
al., 2019; Iyer, 2020).

Three-dimensional printing is another technique
that is particularly useful for a variety of topics
and even subjects at various levels of education.
Teachers, for example, will print historical objects
such as monuments and coins. Biology students
can print organs and cells, and geography
teachers can print a mountain range, and so on,
paving the way for creativity and innovation in the
field of education. The use of 3D automation in
the classroom removes obstacles to learning how
students think and incorporate knowledge into
valuable subjects. (Iyer, 2020).

Chat-bot’s can have a hugely positive effect on
learning in education (Dutta, 2017). High school
students react well to educational technologies
such as conversational intelligent tutoring
systems (Rus, Niraula and Banjade, 2015).Users
go to Google, Yahoo, or other information
retrieval systems to get information, but they get
documents or links that are not important or
useful. As a result of the need to solve such issues,
the concept of a natural language dialog system
emerges, in which a user asks a question in
natural language and the system responds with a
succinct and reasonable response (Abu Shawar
and Atwell, 2007). The findings on students'
learning outcomes and memory retention are
contrasted between conventional search engines
(Question Answering System) and intelligent
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chat-bot systems. The findings show that using
intelligent chat-bots to learn affects students'
learning outcomes and memory retention.

Dialogflow.com (formerly Api.ai) intelligent
chat-bot developed to assist high school students

in learning general knowledge or social science
subjects for the very important function that seeks
to develop sub-intents in the light of a specific
purpose(Dutta, 2017).

User Input
Text

Intents,
Contexts

Trained
Responses

Intelligent Chat-
bot Agent Engine

Y

Output Response
emitted to user
interface

Fig. 1: Architecture of Propose Intelligent Chat-Bot (Dutta, 2017)

The work of (Kosar and Bedir, no date) presents
an insight on the impact of brain-based learning
on the retention of the English language on young
adult trainees. The researchers utilized
intervening the brain-based learning principles of
the participants for nearly four and a half months.

The consequences of the proficiency tests
regulated toward the start of and after the
intervention were broken down with an end goal
to investigate whether brain-based learning
intervention applies influence concerning the
improvement of test subjects' proficiency in
English. The outcomes of the retention test
directed a half year after the post-proficiency test
were investigated. An interview was directed both
after the post-proficiency and the retention test to
acquire knowledge of the test subjects'
perspectives on the brain-based learning

intervention. The main findings achieved from
examining both quantitative and qualitative
information suggest that knowledge retention
could be enabled by building up a learning climate
viable with mind-based learning standards.

The work of (Ji et al., 2018) sheds light on the
issue of supplementing insufficient data into the
case-based reasoning methodology (CBR) by the
duplication of suitable values can diminish the
possible negative impacts on the solutions
emerging from abrupt alterations. The case-based
reasoning approach essentially depends on
chronicled cases to take care of new issues. The
problem stems from CBR researchers rarely
inspecting the issue mentioned above. Moreover,
to address the issue, the researchers proposed a
knowledge retention based learning method that
is based on CBR by utilizing a data mining
method to administrate missing values of the

The Impact of Technology on Knowledge Retention: A Systematic Review
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dataset. The learning technique with the CBR
model accomplished higher precision of the
general expense assessment and higher constancy
in contrast to the past model. This exploration
shows how cases can be created and considered as
learning retention cases to conquer the hurdles of
continuous updates in a wide scope of projects of

construction in nature, in addition to that, it
demonstrates why the case bases should be
updated on a frequent basis.

Data mining, on the other hand, should have been
renamed "information mining from data."(Han,
Kamber and Pei, 2012).

Previous model (Ji et al. 2011)

- -

MNewly added

=10

[

’ Solution suggestion ]

B T T T T e ——

Fig. 2: Comparison of the Case-Based Reasoning (CBR) Model schemes. (Ji Et al., 2018)

Based on the existing literature, the current
review research aims to add value to the body of
knowledge by focusing on the effect of these
innovations on knowledge retention in education
and how we can use them.

. SYSTEMATIC LITERATURE REVIEW
METHOD

In this paper, we used a systematic literature
review (also known as a systematic review) to
locate, review, and analyze all related studies on a
specific research subject, topic field, or
phenomenon of interest (Kitchenham et al.,
2009). A systematic literature review has many
benefits by summarizing the current facts about
the technology, such as the effect of paper-based
manual and stereoscopic-based mobile (Lam,
Sadik and Elias, 2021). Moreover, find any gaps in
existing research so that areas for further study
can be suggested.

Systematic reviews begin with the development of
a review protocol that defines the study issue to be
answered as well as the methods to be used to
conduct the review. Systematic reviews are
focused on a pre-determined search method that
seeks to find as much relevant information as
possible. In order to properly place new research
activities, a framework/background must be
provided. (Kitchenham et al., 2009).

31 Identify the Research Goal and Research
Questions

This paper aims to conduct a comprehensive
analysis of relevant literature to depict the effects
of digital transformation technologies that enable
e-learning and virtual worlds and test a new
approach for ensuring long-term student
knowledge retention. Our research questions were
developed using the PICOS model (The PICOS
tool focuses on the Population, Intervention,

The Impact of Technology on Knowledge Retention: A Systematic Review
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Comparison, Outcomes, and Analysis of article)
(Methley et al., 2014)The following information is
given to help us develop our research questions:

Question number one: How can technologies
support knowledge retention?

Question number two: Are the new technologies
require to change the teaching methods and
approaches?

Question number three to be discussed: Could we
replace the teacher in the future?

3.2 Identify the Keywords

In the research text, we used the most related
keywords to our mentioned question, starting
from “knowledge retention” And “knowledge
retention technologies.”

Then we got interesting articles in practice 21st
technologies in teaching, improving the students’
knowledge retention in the long term.
Accordingly, we expanded the keywords to cover
“Data mining techniques” And “Al technologies
used in education. Also, a string of “Haptic
technologies in education.

3.3 Our inclusion criteria are shown in Table 1. Each study found in the search results must meet these

criteria in order to be included in our SLR

Table 1. 1dentify the Inclusion/ Exclusion Criteria

Standard Inclusion/ Exclusion

The study has to be published in 21* century and provide accurate and

review

Date updated information in the revolution age.
Outdated information has to be excluded.
Language The study has to be writing in English or translated to English.
Participants The article study made on students in education sector.
The article has to be related to the search keywords: Knowledge retention.
Use Al in Knowledge retention - Data mining techniques Chat-bot in
Keywords education. Haptic technologies in education. 3D printing. Brain- based

learning. The Effect of Technology on knowledge retention. Systematic

General criteria
resources.

Must meet the research keywords conditions and from approved

34 Data Source and Search Strategy

For the present Systematic literature review, the
following online library databases and search
engines were used: Gartner, Google Scholar,
Springer, Elsevier and Search gate. According to
the study's creators, these databases would be the
primary sources for gathering papers relevant to
the Impact of Technology on Knowledge
Retention.

The keywords mentioned earlier yielded 30
papers in the search results. One paper was found
duplicated, and they were removed. As a result,
the total number of articles left is now 29. The
authors verified each study's inclusion and
exclusion criteria. As a result, seven research

papers were identified as meeting the inclusion
criteria and were included in the study. The
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) were used to
conduct the search and refinement stages of this
review shown in Table 1. Identify the
Inclusion/Exclusion Criteria. The search and
refinement stages in this review study were
carried out according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) (Moher et al., 2009). Fig. 3 shows the
PRISMA flowchart.

The Impact of Technology on Knowledge Retention: A Systematic Review
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Fig. 3: PRISMA Flowchart for the Selected Studies

3.5 Quality Assessment

Along with the inclusion and exclusion
requirements, the quality evaluation is an
important consideration to consider (Al-Emran,
Mezhuyev and Kamaludin, 2018). To include a
way of appraising the content of the research
papers that were retained for further review
(N=5), a quality evaluation checklist as below:

1. Is there something in the analysis that you did
not know or understand before?

2. Is the study's information system/technology
clearly defined?

3. Is the research relevant to the field of
education?

4. Is the technology mature
available?

5. Is the literature search comprehensive enough
to include all relevant studies?

and widely

The checklist was based on suggestions made by
(Kitchenham et al., 2009). Each query was graded
on a three-point scale, with a “1” representing
“Yes,” a “0” represents “No,” and a “0.5”

representing a partial point.

”»

Table 2: Quality Assessment Results

Question # 1

Question # 2 Question # 3 Question # 4 Question # 5

Total Percentage

Study number 1 1 1 1 0.5 0.5 4 80%
Study number 2 1 1 1 0.5 1 4.5 90%
Study number 3 0.5 1 1 1 0.5 4 80%
Study number 4 1 0.5 0 0.5 0.5 2.5 50%
Study number 5 0.5 0.5 0.5 0.5 0.5 2.5 50%
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V. RESULTS AND DISCUSSION

This study reports a "systematic literature review"
regarding the impact of technology on knowledge
retention education. This study's focus is
educating people in conceptual learning, with
more realistic examples of how to use technology
to recreate the nature of practical understanding
in the educational world and retain the students'
knowledge. The study reviewed 30 research
articles related to open the discussion on our
research questions and comment on the exciting
results we found from the extracted data in this
section:

Research Question 1: How can technologies
support knowledge retention?

We believe that the answer to this question lies in
three areas of the current education problem, the
use of the technology and ability to implement:

The problem is related to retain the knowledge
that has been getting and the challenge that
persists in education. Even though many methods
help students maintain their knowledge, but this
problem still exists. The use of technology has
created a more open digital world (Iyer, 2020),
which has changed educational possibilities and
promoting students by overcoming educational
barriers and generating blissful moments in
various contexts and across various subjects.

We have been representing how the technologies
of VR, 3D printing, chat-bot, data-mining and
brain-based education have a significant impact
on knowledge retention by

e Creating a path for creativity and innovation
in the field of education (Huang et al., 2019;
Iyer, 2020)

e Using mentioned technologies together would
enable professors to immerse students in an
intense environment where they can perform
several tasks at once, such as visualizing and
designing new objects or 3D models, in order
to better understand the concept in a fun and
imaginative way. (Huang et al., 2019; Iyer,
2020)

e The intelligent chat-bot tool will be trained on
a knowledge base of general knowledge
questions and answers, and it will be able to
engage in small conversations with its users.
(Dutta, 2017) (Abu Shawar and Atwell, 2007)
(Abbasi and Kazi, 2014)

e Brain based learning more logical and
effective learning method (Kosar and Bedir,
no date)

e More reliable estimation results were obtained
when the number of retained cases was
increased using the learning process.(Ji et al.,
2018)

Considering COVID19 (viruses that infect
humans) pandemic and transforming the learning
method from manual-based to wuse the
technologies provide users with the advantage of
depth perception, which may aid in memory
improvement (Lam, Sadik and Elias, 2021).

Research Question 2: Are the new technologies
require to change the teaching methods and
approaches?

Traditional teaching methods include rote
practice in which students are expected to take
copious notes, and vocabulary, in which students
are expected to memorize meanings and spellings
of key terms. This approach has been shown to be
effective in passing exams while still retaining
information over time. Instead, students should
employ the elaborative meaningful learning
technique. When students are taught using
21st-century technologies, they are more likely to
maintain the knowledge for a longer time.
Students would be able to remember new
knowledge more quickly if they collect new
information that is foreign to them and compare it
to information they already know. (Granito,
Chernobilsky and Granito, 2012)

Teachers in traditional classrooms must use
innovative resources to encourage students'
imagination and devote a significant amount of
time to researching the effect of each method on
students' actions and outcomes.

Computers seem to be at the forefront of
education in an ever-changing technical world

The Impact of Technology on Knowledge Retention: A Systematic Review
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(Granito, Chernobilsky and Granito, 2012),
enhancing the teaching method from all angles,
such as the ability to interpret class materials,
open the doors for creativity, and create a solid
knowledge base that can be easily retained, as
several studies have shown.

Moving from traditional attendance to school to
e-learning will add more space, flexibility to
student attendance. Adopt a self-drive learning
approach and involve new teaching methods by
concentrating on innovative aspects rather than
saving all of the details and focusing on the critical
facts to create a new thinker generation.

Discussion: Could we replace the teacher in the
future?

As discussed earlier, the studies that represent the
impact of the technology on knowledge retention
and representing the value added to education
explores one crucial question that needs to be
discussed and answer in further research, which is
“ Could we replace the teacher in the future?”

The new technology will not replace the teacher.
However, their role and teaching method will be
changed from curriculum instructor to be more
creative, instruct the machine and share their
experience with the broader range of students
worldwide to start from what they reach to
collaborate to enhance the education sector and
concentrate long-term knowledge retention.

V. CONCLUSION

In this paper, we concentrated on the use of
emerging technology to aid students in learning
general knowledge subjects and the effect of these
technologies on knowledge retention rather than
the conventional method. To provide a detailed
summary of current studies and address the
implications of the findings, we conducted a
systematic literature review for research on
information retention and the impact of
technology use in education. Rather than
memorizing information for an exam, teachers
want their students to recall specifics for more
than a week. Teachers are struggling to teach an
ever-increasing amount of material.

The idea of interactive learning using Haptic
Technologies, three-dimensional printing,
Chatbots, interactive mining, and brain-based
learning presented realistically has been shown in
this study to increase students' understanding and
comprehension abilities and revolutionize the
teaching-learning process. Finally, each of the
technologies addressed has its strength and
weakness, which must be carefully examined and
combined to create a teaching method with high
knowledge retention value- added.
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ABSTRACT

Finding association among numerous items that
are related together can be challenging. At times
such association may vary from individuals.
Large supermarkets are often faced with such a
puzzle which if well addressed can boost or
adversely affect the business space, time and
profit. In this study, the use of a priority
algorithm has been applied using the market
pattern of items that are sold as related item in
big supermarket like Shoprite etc to optimize
item arrangement. We implemented the
approach of the algorithm in Python language
with hypothetical sales pattern of items from
such supermarket, we obtained support,
confidence, and lift as criteria from the sales
pattern that gave the association rules from the
customers.

The results of the sales pattern can be applied to
rearrange items in the big supermarket for
improved packaging, faster sales and resource
utilization of such market.
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| INTRODUCTION

Finding association among numerous items that
are related together can be challenging. At times,
such association may vary from individuals
depending on choice. Large supermarkets having
numerous goods to display on shelve may not
know the best of arrangement on shelve that can
showcase and meet with the interest of the buyers.

© 2022 London Journals Press

Which product or combination of products to
invest on so as to make maximum profit may not
be clear. Large supermarkets are often faced with
such puzzles which if well addressed can boost the
business via space, time and profit management
amidst other benefits. Market basket analysis is
one of the techniques that can be used to discover
association among items in large retailing (Babu
et al., 2021). It can reveal the relationships among
entities in list of transactions. Market basket
analysis can be used to compute product
association to other products, arrange store and
product layout for display array of items, decide
market trends/inventory, predict future demands
of product, formulate new market strategies,
promote sales growth, develop merchants’
marketing strategies, facilitate product
promotion, product region division, slow down
the loss and improve decision making etc
(Kurniawan et al., 2021; Alghanam et al., 2022).

Market basket analysis is a form of data mining
techniques. Data mining offers methods that can
be used to explore meaniful information via its
techniques that can be supervised and non-
supervised.

Supervised machine learning method requires
that data should be preprocessed and made to
have instance labels (Osisanwo et al., 2019). For a
given sample output, some variables must have
contributed to it and their respective
contributions ultimately resulted to an output.

Learning with supervised machine algorithm
might give weight according to size of the entire
dataset and use that for estimation of co-efficients
such that when a situation that has resemblance
or variables identified as determinant, the result
will be determined according to the co-efficient(s)
of such determining variables during training.
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Classification and predictive models are good
examples of supervised learning. Examples of
supervised learning models are Naive Bayes
Classifier, Perceptron, Support Vector Machine,
Quadratic  Classifiers, K-Means Clustering,
Boosting, Decision Tree, Random Forest (RF);
Neural Networks, Bayesian Networks, Linear
Classifiers and Logistic Regression.

Using unsupervised learning method, the sample
datasets usually cannot be arranged to determine
any sample that will lead to output. Yet some
methods are meant to mine association rules that
exist in patterns of the dataset. Such rules can
then be applied to subsequent future cases to
determine the degree of association. Such
learning methods are called unsupervised
learning. Majority of text mining algorithms are
examples of unsupervised learning method.
Unsupervised learning algorithms can be used to
recognize previously unknown patterns from
dataset (Doersch et al., 2015). It is similar to
learning from the data itself and finding relation
among different inputs and it is also possible not
to have useful relationship among the inputs. If
there is relationship, how strong are the
relationships empirically? These represent the
characteristics of unsupervised learning.

ll.  RELATED LITERATURE REVIEW

Agrawal et al (1993) invented the apriori
algorithm for exploring and finding relations from
the items in the database. The items in the
database are usually represented in a relational
form as tables. The items are used to form list of
lists. Each combination of item alongside with
another form can be used to form new list in
which subsets can be generated and intersection is
established. Danabhakyam and Punithavalli
(2011) conducted study using Classification
Dependent Predictive Association Rules (CPAR),
Associative Classication, Classication Association
Rule Mining (CARM), Distributed Apriori
Association Rule, Six Sigma Technique and the
Apriori algorithm and made comparism on each
of the technique to detect their strength and
weakness. The Apriori algorithm was found to be
the best even though, it has some drawbacks.

E-commerce requires logistics to appropriately
manage enormous client bases and develop
long-term and profitable connections (Zineb et
al., 2021). This requires logistics to appropriately
manage enormous client bases and develop
long-term and profitable connections. This
requires intelligent customer identification.

E-commerce represents “Big Data”, extracting
knowledge from it can be challenging due to size.
Approaches such as the use of analytical solutions
to extract patterns knowledge and establish
relationships can be worse. Therefore, association
rule mining has been used (Qiu et al., 2015).

Market basket analysis has been applied to
diagnosis of patients to find relationship among
symptoms of diseases to help improve diagnosis
(Awodun and Adedara, 2017). The study used
medical data inform of symptoms and diseases to
detect the association between group of symptoms
and disease. The rules generated in the study
provided a method that measured joint
frequencies for different symptoms and
corresponding disease.

Association rule in data mining operation seeks to
find connections among the features of a dataset.
From the association rule, association analysis
that seeks to study the features that are related to
each other can be carried out. Association rule
mining forms the basis of market basket analysis
(Hamid and Khafaji, 2021). It can be carried out
in two phases. In the first phase, all combination
of items having support above the minimum
support count are first treated. Those identified in
the first phase are usually classified as frequent
item sets that can be used to generate the desired
rules. The association rule has both antecedent
(if) and consequent (then). The antecedent
represents an item found in the data while the
consequent represents an item found in
combination using the antecedent.
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Formal definition of association rules

Let A ={a,, a,, a, ... a,,} be set of items (D
Let T ={t, t, t; ... t,} be set of transactions (2)

Transaction t contains X, a set of items in A, if
XCT (3)

An association rule represents an implication of the form

X=Y, 4)
where

XcT, (5)

YcT and (6)

XNnY =20 (7)

2.1 Properties of Apriori Algorithm

There are two important properties of Apriori
algorithm which can be used to reduce the search
complexity of the algorithm and the amount of
computation involve in the mining process so as
to concentrate on the needed frequent item sets.
Firstly, suppose X is a frequent item-sets, it means
all subsets of X are frequent itemset. Secondly, if
Y is a non-frequent item-set, then all supersets of
Y are non-frequent itemset. The steps involve in
the Apriori algorithm are shown below

2.2 Apriori Algorithm

Input: Transaction Database, min support, min
Confidence
Output: Support, Confidence, Lift

Step 1: Tabulate items in database to form list
Step 2: Start with itemsets containing just a single
item

Step 3: Formulate list of each item and obtain
frequency

Step 4: Compute the support for itemsets

Step 5: Using the itemsets from Step 1, generate
all possible itemset combinations.

Step 6: Repeat steps 1 - 4 until there are no more
new itemsets.

Step 7: Keep the itemsets that meet the minimum
support threshold and remove itemsets that do
not support minimum support

Step 8: Extract all the subsets having higher value
of support than minimum threshold.

Step 9: Select all the rules from the subsets with
confidence value higher than minimum threshold.
Step 10: Order the rules by descending order of
Lift.

. PERFORMANCE EVALUATION

The three Major Components of association rule
mining are support, confidence and lift.

Support: Refers to the default popularity of an
item and can be calculated by finding number of
transactions containing a particular item divided
by total number of transactions.

Support(A) =

Confidence is an index of reliability of the
association rule. Confidence refers to the

Transactions containing (A) ( 8)
Total Transactions

likelihood that an item B is also bought if item A is
bought. It can be calculated by finding the number

Market-Basket Optimisation using Sales Pattern of Supermarket
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of transactions where A and B are bought
together, divided by total number of transactions
where A is bought.

. Transactions containing both (A and B
Confidence(A—B) = . g both )
(Transactions containing A)

9)

Lift(A -> B) refers to the increase in the ratio of sale of B when A is sold. Lift(A —> B) can be calculated
by dividing Confidence(A -> B) divided by Support(B).

. _ (Confidence (A-B))
Lift(A—B) = (Support (B))

The dataset used in this study contains the record
of transaction of customers in a supermarket
including the names of various items purchased
by the customers. There are twenty different
products and seven thousand five hundred
transactions [https://raw ]. The apriori algorithm
was used to convert the items into list, extract
frequent item set and find subsets that meet up
with minimum support count, we were able to
obtain various lists such as the number count for
all items. The screen shot is shown in Figure 1.0.
The sample count is shown in Figure 1.1. We were
also able to use the model to obtain the

(10)

association of items containing 2 items, three,
four etc. Figure 1.2 shows the sample results
obtained using association rule containing 2
items. While Figure 1.3 shows the confidence,
support and lift obtained from the model. We vary
the support probability from 0.01 to 0.15 and
obtain the plot for execution times. The plot is
shown in Figure 1.4. The figure shows the
reduction in execution time as the support value
increases, there is reduction in the number of
association rule because of increasing value of
support.

items incident_count all

0 mineral water 1787 all

1 eggs 1348 all

2 spaghetti 1306 all

3 french fries 1282 all

< chocolate 1230 all
115 bramble 14 all
116 cream 7 all
117 napkins 5 all
118 water spray 3 all
119 asparagus 1 all

Figure 1.0: Association Rule for Two Item Sets
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support itemsets length
23 0.059573 (,a) 2
27 0.080373 (,e) 2
34 0.056340 (,n) 2
36 0.072653 (,r) 2
38 0.056087 (t,) 2 E
45 0.093927 (e, a) 2 :
51 0.052973 (I, a) 2 @
53 0.849033 (n, a) 2 m
56 0.052827 (r, @) 2 é*
57 0.055747 (s, a) 2 :i
58 0.075867 (t, @) 2 gj
Figure 1.1: Association rule for two item sets g

Market-Basket Optimisation using Sales Pattern of Supermarket

© 2022 London Journals Press

Volume 22 | Issue 3 | Compilation 1.0



antecedent consequent

antecedents consequents support  support support confidence lift levera
64885 (o,rb .n) (g,e,f) 0011547 0010707 0010360 0897229 83.800931 0.0102
64978 (gef) f(orb,n) 0010707 0011547 0010360 0967621 83.800931 0.0102
64912  (g.erf) (,nob) 0010707 0011547 0010360 0967621 83800931 0.0102
4790  (,n,0b) (g,e,f) 0011547 0010707 0010360 0897229 83.800031 0.0102
649561 (., nob) (g.e,r,f) 0011547 0010707 0010360 0897229 83.800931 0.0102
1237 (a) (ce) 0066073 0061507 0010053 0152154 2473783 0.0059
2315 (t.1) (s) 0042880 0098067 0010147 0236629 2412944 0.0059
6901 (tla) (s) 0042880 0098067 0010147 0236629 2412944 0.0059
2318 (s) (t1) 0098067 0042880 0010147 0103467 2412944 0.0059
6910 (s) (t1a) 0098067 0042880 0010147 0103467 2412944 0.0059

Figure 1.0: Support, Confidence and Lift
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V. CONCLUSION

Databases are used in storing transaction records
in form of relational databases in many
supermarkets. Physical attempt to mine useful
patterns out of such transactions can be difficult
and time consuming, but useful patterns of
information can be obtained through the use of
association rules for illustrating the relationships
in the database. This study has applied the
association rules and provided various answers to
queries that can be used to boost decision making
in supermarkets with large number of items and
customers alongside with execution time of such
results of the decision. The study showed that
large supermarkets have a lot to benefit using the
association rule.
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ABSTRACT

Incubators are becoming increasingly important
in today’s business world. Incubators are a place
where ideas are developed into businesses with
the potential to grow and become viable
Incubators had evolved from earlier days when it
was predominantly offered in the form of
business support to the current model where
various elements of success are included in the
incubator services. These incubators differ in
their types, business model, as well as areas of
expertise. The current study focuses on assessing
the services offered by start-up business
incubators. The focus is on services offered such
that the success of the businesses is made
possible, and the viability of the business is also
improved. The aim of the study was to propose a
service framework that can be used to assess the
effectiveness of the incubators. The proposed
services framework was to consider the current
stiff competition for new businesses to stay
afloat. After conducting a literature review,
seven services were identified. These services lay
within  business development, mentorship,
expertise, as well as partnerships that could
bolster any start-up to success. Three University
Business Incubators were then selected within
the United States for assessment of the
application of the identified seven services into
their frameworks. Results indicated that much
still needs to be done in areas of expertise,
partnerships, and future connections to funding
for the University Business Incubators to start
realizing the full benefits of being in operation.
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I INTRODUCTION

An incubator can be thought of as a place where
new businesses (henceforth referred to as
start-ups) are helped to bring their ideas full-term
and form viable business ventures. In theory, the
term ‘incubator’ has been used about the activity
taking place within the incubator facility. For
instance, (Bergek and Norrman, 2008) referred to
incubators as a tool that promotes the
development of technology-based firms. (Allen
and Mccluskey, 1991) elaborates further by giving
a glimpse into what the incubator offers by stating
that it is a facility where shared office services,
affordable space, and assistance in business
development are offered in an environment that is
conducive to the creation of new ventures and
support for their early-stage growth and survival.

Of importance to note within the definitions is
that the incubators support start-ups in a bid to
help them grow. (Cooper, 1985) emphasizes the
incubator’s role in the growth of new ventures by
stating that incubators act as mentors in helping
entrepreneurs start and grow businesses that, in
some instances, were similar to the incubator
organization hosting them. In other cases, which
tended towards software development and
technology, the start-ups were found to have
operations and ideas that were not similar to the
incubator organization, but by being in the
incubator, the start-ups benefited from the
technical and marketing expertise needed in
running their business ventures in the absence of
prior experience. Hence, from these definitions,
the overall goal of incubators is to help start-ups
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obtain the necessary business expertise needed to
set up and grow a business venture.

The current business environment is permeated
with incubators. This increase is, in retrospect, in
response to the success of start-ups within the
technology sphere such as Facebook, Twitter, and
Instagram, which inspired the younger generation
to join the technology bandwagon through
start-ups, wishing to gain the same ‘overnight’
success as the young technology companies. These
start-ups have, in most cases, been grown within
incubators. Incubators, as noted in (Li et al.,
2020), have also increased in numbers in recent
years owing to the need for having new businesses
that support economic growth in most countries.

These incubators are funded not just by private
organizations and businesses but also by
governments. While it is economically sound to
support  these start-ups to  minimize
unemployment, it is also still necessary to
evaluate their effectiveness. (Harper-Anderson
and Lewis, 2017) noted that the quality of the
incubator plays a major role in the success of the
start-ups it supports.

For instance, incubator qualities such as services
offered, management practices, and resources are
termed as key indicators determining the success
of an incubator. According to (Harper-Anderson
and Lewis, 2017), the services offered include
legal services, help in accessing funds, shared
office equipment, business plan development, and
opportunities to network. The author further
noted that management practices such as human
capital and the manager’s skill and competence
level were all necessary for making the incubated
start-ups a success. Not just these but also the
opportunity to work was noted as crucial in
helping build a network that can bolster the
start-up forward in terms of resources. These
networks include legal experts, financial advisors,
elected  officials, experts in economic
development, and business leaders. Hence, it can
be said that the internal quality of the incubators
determines the outcomes of the businesses
incubated in them.

Another question that may be asked regarding
incubators is: what type of selection criteria do
they use in admitting start-ups? (Thierstein and
Willhelm, 2001) Give a brief description of what
might be used as a selection -criterion by
investigating how the incubating services were
offered. The authors noted that a majority of the
incubators investigated (in Switzerland) operated
within manufacturing, development activities,
and services. Also, the facilities were offered on a
space-to-rent basis, with a high-tech input level
utilized. From this study, the major observation is
that the types of start-ups supported must be
within the three-given categorized: service,
manufacturing, and development activities.

(McAdam and McAdam, 2008) also investigated
the use of University Science Park Incubators in
the development of High Technology Business
Firms (HTBF) in respect to the lifecycles of the
HTBF. Just a glimpse into this study also
indicates that the incubators are specific as to
which start-ups they accept for incubation, based
on their business function, for instance, whether
they are manufacturing, technology, or
service-oriented. This notion is supported in (von
Zedtwitz and Grimaldi, 2006), who noted that
incubators could be categorized based on four
elements of competitive scope: segment scope,
vertical scope, industry focus, and geographic
focus; as well as their distinct strategic objectives
(whether for-profit or not for profit).

Segment scope allows for incubators to generate
start-ups based on distinct sources, such as from
universities, industries, or corporations. The
geographic scope allows incubators to focus on
geographic regions that have potential in
networking, meaning that where most businesses
are concentrated is where the incubator will be
situated. Industry focus helps the incubators
support the start-ups through expertise in the
incubator manager’s field of specialization, which
is important in imparting knowledge to the
start-up founders. From these studies, it can be
deduced that different models are adopted by the
different incubators in providing their services to
start-ups.

This paper aims at investigating the various
archetypes used in implementing incubators and
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attempt to formulate a framework that can be
used in defining best practices applicable to

incubators. At least five incubators will be
investigated, with their characteristics and
distinctions observed to highlight the key

functionalities, models, and structures used in
implementing the incubators about the services
offered to the start-ups.

This paper is structured in this way:

e Section 2 will discuss the various incubator
archetypes in terms of their characteristics, as
discussed in (von Zedtwitz and Grimaldi,
2006).

e Section 3 will outline the characteristics for
creating the framework proposed in this
study.

e Section 4 will discuss the methodology used in
collecting, analyzing, and presenting the data.

e Section 5 will discuss the results of the data
collection, as well as the application of the
framework proposed in section 3.

Section 6 will conclude the study.
Section 7 will give recommendations for
improvement in future research.

Il INCUBATOR ARCHETYPES

According to von Zedtwitz and Grimaldi (2006),
differentiated incubators are based on four major
factors, as well as the basis for conducting
business (for-profit or non-profit). This
differentiation is what makes for the archetypes
used in describing the activities and services

Moael 7

behind certain incubators. These archetypes are
different from the description given in (von
Zedtwitz and Grimaldi, 2006), and features
mainly the segment scope from among the four
competitive scopes defining the number of value
chains a business engages in. (Barbero et al.,
2013) used four archetypes to describe how some
incubators fulfill the segment scope: the
university incubator, basic research incubator,
private incubator, and economic development
incubator. (Sansone et al., 2020) described a
different type of incubator, the social incubator,
which focuses on start-ups that have significant
social impacts, while (Peters, Rice, and
Sundararajan, 2004) described incubators based
on their business models: for-profit and
not-for-profit. For-profit incubators involve
start-ups relinquishing part of their equity to the
funding organization, while not-for-profit
incubators, which are mostly affiliated to
universities or government agencies, do not
require the start-ups to part with their equity.

How one start-up selects one model from the
other depends on which one serves its purpose.

(Grimaldi and Grandi, 2005) focused on
incubator types based on four categories:
University  Business Incubators, Business

Innovation Centers, Corporate Private Incubators,
and Independent Private Incubators. From these
four categories were found two models under
which they operated. The model is illustrated in
Figure 1 below:

Moge! =

Source: (Grimaldi and Grandi, 2005)

Figure 1. Business Model from the convergence of four categories of incubators

As the figure illustrates, the two models are a
derivative from the convergence of the four
incubator categories. This convergence is based
on the concept of the derivative, where each of the

named incubators can make use of the best of
what the other incubators provide, merge with
their own, and realize new and better business
models. However, this proposed business model is
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not in effect but a suggestion for improving on the
weaknesses presented by the four named
incubator types (Hansen, Nohria, and Sull, 2000).

Also investigated the success of incubators and
found that only a specific category of incubators
outshines the others; the networked incubator.
What distinguished the networked incubator from
all the other incubators, as (Hansen, Nohria, and
Sull, 2000) noted, was the presence of a
mechanism through which partnerships could be
fostered with other businesses to allow for a flow
of knowledge and talent between the incubator
firm and already established businesses.

It is this networking that connects the start-ups to
the resources they need, enabling them to move
faster than the start-ups that lack a network.
Importantly, (Hansen, Nohria, and Sull, 2000)
noted that when the networked incubator, when
properly implemented, would bring together the
scope and scale of large, established organizations
and the spirit of entrepreneurship characterized
by small venture-capital firms. In conclusion, the
authors noted that it is the networked incubator
model that suits the current economy that
requires wealth and value creation. Another
‘hybrid’ incubator is presented in (Phan, Siegel,
and Wright, 2005), who observed that science
parks and incubators, though they exist in
incubating start-ups, have no particular
systematic framework that can help in
understanding them and their dynamic nature,
the nature of the start-ups incubated in them, and
the level of success that can be attributed to them.

In all the above literature, it is observed that there
are multiple types of incubators in place, each
with its unique services and business model to
help in delivering these services. The literature
has made attempts at highlighting their
operations and structures but has failed to offer
insights as to their operations and performance.
In this light, a gap is observed to exist. The
following sections of this investigation will
attempt to fill the gap by focusing on the only type
of incubator category, the university business
incubator, in terms of its performance.

2.1 University Business Incubator

University Business Incubators, as mentioned in
(Grimaldi and Grandi, 2005), are public
incubators mostly supported by governments to
aid in research into ideas that can become viable
businesses in the future. The research areas tend
towards science and technology, with the
universities lending the government talent, faculty
time, and resources necessary for the undertaking
of the research. (Mian, 1996) further noted that
the University Business Incubator is a strategy
used by governments to promote the development
of new research and technology-based firms.
(Somsuk and Laosirihongthong, 2014)
extrapolated more on the operations of University
Business Incubators through analyzing enabling
factors that contribute to their success, specifically
focusing on their internal factors.

These internal factors were identified as human,
financial, technological, and organizational
resources. The investigation highlighted that
human resources ranked higher among the four
enabling factors, followed by financial resources,
organizational resources, and technological
resources, in that order. Human resource factor,
as explained in (Somsuk and Laosirihongthong,
2014), factors in the founding team’s attributes,
the business incubator’s management team, and
the start-up’s team whose talents and expertise
are needed for the success of the incubation.
(Kiani Mavi et al., 2019) conducted a study that
can add more weight to the findings (Somsuk and
Laosirihongthong, 2014). (Kiani Mavi et al., 2019)
ranking factors that impact the strategic
management of University Business Incubators.
The highest-ranked factor was talent managers.
Generally, talent managers utilize the full
spectrum of human resource practices in
attracting, recruiting, onboarding, motivating,
and retaining top-performing employees. The
high ranking means that within the investigated
University Business Incubators, the effective
managing of human resources was an essential
factor contributing to the success of the
incubators. Hence, it can also be said that talent
within the incubators is the key to success, given
that it is the student’s creativity and critical
thinking that will develop solutions required to
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solve today’s problems in science and technology.
A pertinent question raised on the effectiveness of
the University Business Incubators is presented in
(Bennett, Yabar, and Saura, 2016).

The main argument behind this questioning is
that since the government and other private
institutions fund the University Business
Incubators, there should be some evidence to
show that the goals of these incubators are met
(Bennett, Yabar, and Saura, 2016). The
investigation highlighted that there was little done
in terms of assessing the effectiveness of the
University Business Incubation. Examples are
given from other literature that indicated that
while there were a few success stories from
University Business Incubators, there was still a
lack of clarity or proof of the cost-effectiveness
and value addition of firms coming from the
University Business Incubators. (Mian, 1996a)
presented a different perspective on the issue of
value addition, looking at it from the incubator
role in providing the needed resources to the
start-ups hosted within University Business
Incubators. (Mian, 1996a)’s perspective included
value-added dimensions of the incubator services
provided, university image, student employees,
and laboratories and equipment all contributed to
value creation within the UBIs. Hence, the
effectiveness of the UBIs is still fertile ground for
further investigation.

. PROPOSED INCUBATOR SERVICES
FRAMEWORK

It is observed from the literature that the
incubators are formed based on the objectives of
the incubator firms, which is also the single most
important factor in starting an incubator. For
instance, if a firm works within medicine, then the
incubator it is likely to start is one geared towards
medicine since it is the area of expertise. Other
factors noted to influence incubators include
funding, geographic region, and industry. This
study has also highlighted that the University
Business Incubator is one of the incubators
included among the incubator implementation
models. The UBI was selected for this study
specifically as an anchor for the other incubators,
given that their environment and goals tend to
foster collaboration and are teeming with
knowledge and talent that may be absent from
other incubators (Hassan, 2020). Hence, the UBI
is used as a guide in the effective implementation
of an incubator service framework.

The framework is developed based on an
extensive review of the literature to highlight the
different services offered by incubators, which
were then scrutinized for applicability in other
areas and not just added to a comprehensive list.
Table 1 below highlights the identified services,
along with their importance.

Table 1: Proposed Incubator Services Framework

No Service

Service description

Office space and
administrative
services

The start-up team would need to work together under one roof during the initial
stages. Being less than one roof ensures speedy feedback and collaboration. Office
administrative services include access to the internet, printers, coffee, meeting
rooms, drawing boards, and equipment that will facilitate working on the start-up
project.

Networking activities

Networking, as highlighted in the literature, is crucial for the speedy progress of a
start-up. The network will provide the resources needed by the start-up to help
accelerate it to the next level.

Mentorship

Mentors have been through a certain path and are aware of pitfalls to be avoided
and opportunities to be taken. Having a mentor will bridge the lack of experience
gap that is sometimes common with most start-ups

4 Connections to future

Most start-ups need capital to scale their business. Having future sources of capital

capital can help in this case.
Partnershi Partnerships can be the ticket to a start-up’s connection to larger market segments.
5 D Hence, having opportunities for partnerships is important to include among the
opportunities

services in incubators.
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6 Expertise can be in the form of training, business and legal advice, knowledge
Expertise transfer, technical support, as well as skills acquisition that can help fill weak areas
within the start-up.
Business These programs are geared towards making the business better in terms of growth.
7 development Workshops and discussion panels may be possible areas to include within the
programs business development program.

The services included in Table 1 were viewed in
terms of applicability to a wide range of
incubators of varying industries, scopes, and
goals. It was thought that it might not be possible
to include every service being offered by each of
the different incubators. It was also premised that
finding services that can resonate with every
business, and not just the start-ups within
incubators, was the key to selecting the services to
include in Table 1 above. Hence, Table 1 has
considered studies such as Wiggins and Gibson
(2003), Salem (2014), and Albort-Morant and
Oghazi (2016) in making the list of services to
include in incubators.

V.  METHODOLOGY

4.1 Design

A research design is the techniques and methods
used by the researcher in conducting an
investigation. An empirical study has been
selected as the research design for us in this case.

The empirical study included selecting at least
three prominent University Business Incubators,
highlighting the key services and strategies used
in implementing the incubator, and comparing
these with the proposed framework in Table 1
above. This comparison was conducted as a way of
analyzing how effective the services provided in
these incubators were in meeting the needs of the
start-ups within the incubators, based on the
proposed framework.

The University Business Incubators were selected
based on their geography, i.e., located within the
United States. The selection criteria included
factors such as having an internet presence and
the services offered well described on their
website since the information was being gathered
firsthand from their websites. Opinions from
former and current start-ups were also gathered
as a way of corroborating what is presented on the
UBI websites.

Source: Primary

4.2 Selected UBI Characteristics

The three selected incubators were American
University Entrepreneurship Incubator, the
Startup Aggieland at Texas A&M University, and
the Start-up Garage at the Center for
Entrepreneurial Studies at Stanford University.

American University Entrepreneurship Incubator
is a University incubator that focuses on building
entrepreneurial innovations and bringing them to
market. Entrepreneurial courses have been taught
in this school since 1980 and have grown to
currently include about 300 students enrolled
annually in different entrepreneurship classes.

Notable companies to spring from this incubator
include UPace, a company that seeks to connect
recreational facilities with clients to improve their
mental and physical wellbeing.

The Startup Aggieland at Texas A&M University is
a public business school in Texas. Startup
Aggieland incubator is implemented as a start-up
incubator, with an environment described as
being open and collaborative. The incubator
admits not just students but also entrepreneurs,
staff, and faculty, who come together to work on
their business ideas. Notable start-ups springing
from this incubator include GoFresh, an online
company that focuses on preparing and delivering
healthy foods to its clients.

The Start-up Garage at the Center for
Entrepreneurial Studies at Stanford University
describes itself as ‘an intensive, hands-on,
project-based course where student teams design
and test new business concepts that address
real-world needs. The incubator website states
that there have been more than 130 companies
founded by its alumni, and over 2.5 billion dollars
have risen for funding by the alumni to date.
Notable companies to spring from this incubator
include Instagram, an online photo and video
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sharing application that is used by thousands of
people worldwide.

V. RESULTS

Results of the comparison between the university
incubator services and the proposed framework

are presented in Table 2 below. The X’ is used to
mark the services that the UBI incubators have
that agree with the framework.

Table 2: Comparison of Incubator services against the proposed framework

Incubator Services

Office space | Networkin | Mentorshi | Connection | Partnership | Expertis | Business
and g activities | p s to future opportunitie | e developmen
administrativ capital s t programs
e services

American

University

Entrepreneurshi X X X X X

p Incubator

The Startup

Aggieland at

Texas A&M X X X X

University

The  Start-up

Garage at the

Center for

Entrepreneurial X X X

Studies at

Stanford

University

The results of the comparison have highlighted
that the American University Entrepreneurship
Incubator has most of the proposed framework
services in their incubator. Only two services:
partnership opportunities and expertise, are
missing. However, these two are noted to mainly
impact the incubator on issues such as marketing
and leveraging the start-ups, as well as on
individual areas that the start-ups may be weak.
The Startup Aggieland at Texas A&M University
followed with at least four of the proposed
framework services in place. The missing services:
networking activities, partnership opportunities,
and business development are noted to impact the
incubator on factors such as tapping into existing
markets, speeding up the start-up going into the
market and obtaining resources, as well as a
chance to gain knowhow of how to grow the
business.

The Start-up Garage at the Center for
Entrepreneurial Studies at Stanford University
had the least of the proposed services within the

Source: Primary

framework. Areas that missed the attention of this
incubator included networking opportunities,
mentorship, connections to future capital, and
partnership. These services are viewed to impact
the start-ups on the part of scaling, exposure, and
market reach. Hence, the UBI investigated here
has highlighted that different incubators, even
those in the same industry, have different ways of
implementing their incubator business models to
meet the needs of their budding entrepreneurs.

VI. DISCUSSION

At least seven services were identified in the
framework that was deemed critical to include
among the services provided by incubators. All of
the incubators had the basic: office space and
administrative services that are common among
all other incubators. However, the rest of the
other factors are what can differentiate one
incubator from another. Mentorship, for instance,
gives entrepreneurs a chance to be guided by
someone familiar with their area of interest.
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A lot of mistakes and missed or miscalculated
opportunities can be avoided by having a mentor.
Business development is also another crucial
service that can help start-ups better prepare for
the growth of their businesses, moving from one
point to the next. Opportunities to create
partnerships are also noted to be crucial in that it
opens existing markets to the start-ups, making it
easier to scale at a much higher speed.
Connections to future capital are also necessary
where the start-ups wish to scale or when they
move from the incubator to the real world and
need funds to set up offices. Expertise is also
crucial where the application of specialized skills
is required, such as technical skills. Hence, from
this comparison analysis, it can be deduced that
the university business incubators still have room
for improving their business models for more
success to be obtained from their incubation
services.

CONCLUSION AND FUTURE
STUDIES

VIII.

Incubators have become important elements
within the business sphere today. The current
companies that have been in place for years are
not enough to support the growing number of
youths seeking jobs; hence, creativity must be
used. Governments and private institutions
support these incubators through funding.
Incubators are noted to be implemented through
different categories, which can broadly be
classified based on four competitive scopes:
industry, geographic, segment, and vertical
scopes. The university business incubator was
investigated in this paper, with results indicating
that much still needs to be done for a
comprehensive list of services to be offered in
these institutions. This investigation focused on
highlighting the services offered in these
institutions through checking their online
websites for a list of the services offered. This
method is noted to be insufficient, given that
more details would have been obtained if the
institutions had been given interviews. However,
due to the current pandemic, it was not possible
to meet with the concerned parties. Hence, it is
recommended that a  future follow-up

investigation be conducted, this time while
meeting with the incubators, for better insights to
be obtained.
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. ANNOTATION

This article describes the use of multi-storey
buildings and structures, which are one of the new
promising areas. The use of prefabricated
reinforced concrete, in comparison with full
monolithic, dramatically reduces the labor
intensity of work at the construction site. The
prefabricated monolithic structure during the
construction of statically indeterminate systems
makes it possible to quite simply ensure the
spatial rigidity of the building or structure as a
whole, as well as to reduce the construction time
in comparison with a complete monolith by
several times, reduce the labor intensity of the
production of works by about 1,5+2 times and
accordingly, the value of the object decreases.
Plane and bending stress states are experienced
by many structures of high-rise construction.

© 2022 London Journals Press

These are beams - walls, and bracing systems, in
which horizontal loads are perceived mainly by
diaphragms and stiffening cores. There are
various methods for solving problems for a plane
and bending stress state, for example, the finite
difference method, the finite element method, the
limit equilibrium method and the method of
concentrated deformations. The relevance in this
work lies in the need to create a methodology for
calculating reinforced concrete structures in
multi-storey buildings and structures, based on
the method of concentrated deformations (MSD)
with implementation on computer technology,
taking into account the influence of the expansion
effect and real diagrams of deformation of
concrete and reinforcement, at different loading
times. It also describes in detail the formation of a
flat and bending model for the analysis of
reinforced concrete structures by the method of
concentrated deformations, with a complete
diagram of the deformation of concrete and
reinforcement, taking into account geometric and
physical nonlinearity, including a descending
branch depending on the initial data. In addition,
a comparison of the obtained results of analytical,
theoretical and experimental research data is
given.

AHHOTALNA

B faHHOW craThe OINHMCAHO WCIOJIB30BAHUE
MHOTO3TQ)KHBIX 37]JaHUN U COOPY:KEHUU, KOTOpbIe
ABJIAIOTCA OJIHUM U3 HOBBIX IEPCIIEKTUBHBIX
HaIpaBJIeHUH. [Tpumenenune cbopHOTO
’keyle300€TOHa 10 CPaBHEHHWIO € IIOJIHO
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MOHOJIUTHBIM PE3KO CHHUIKAET TPYJOEMKOCTb
pabot Ha CTPOUTETHHOMN IUIOIIA/TKE.
CO0pHO-MOHOIUTHASA KOHCTPYKIIUA pu
BO3BEJIEHUU CTATUYECKU HEOTIPEETUMbIX CUCTEM
MO3BOJISIET ~ ZIOCTATOYHO IPOCTO  O0ECHeurTh
IPOCTPAHCTBEHHYI0 KECTKOCTh 3/IaHHUS WU
COOpY’KEHHS B I€JIOM, a TaKyKe B HECKOJIBKO pa3
COKPATUTh CPOKH BO3BEJEeHUs 110 CPAaBHEHHIO CO
CIUIOITHBIM MOHOJIUTOM, CHUBHUTH TPYAOEMKOCTH
MIPOU3BO/ICTBA pabOT IPUMEPHO B 1,5+2 pasa H,
COOTBETCTBEHHO, CHUKAETCSI CTOMMOCTh OOBEKTA.
[Tockme u U3ruOHBIE HATPSIKEHHBIE COCTOSTHUS
WCIBITHIBAIOT MHOTHE KOHCTPYKIIUH BBICOTHOTO
CTPOUTEIBCTBA. IJTO OAJIKU-CTEHBI M CHCTEMBI
CBsi3ell, B KOTOPHIX TOPU30HTAJIbHBIE HATPy3KH
BOCIIDUHUMAIOTCS B OCHOBHOM juadparMaMu U
aapaMu  kecTKOCTH. CyIIeCTBYIOT pa3IUYHbIE
METO/[bI pellleHusi 337jady ISl IUIOCKOTO U
U3rUOHOTO HAIPSI?KEHHOTO COCTOSTHUS,
HaIpUMepP, MeTOJ KOHEYHBIX Pa3HOCTEH, METO/I

KOHEUHBIX 92JIEMEHTOB, METO/ IIPEAETbHOTO
pPaBHOBECHS U METOJ] COCPEeIOTOYEHHBIX
nedopmanuii. AKTyaJlbHOCTh JIaHHOH PabOThI
3aKjI04aeTcss B HEOOXOAMMOCTH  CO3JaHUA
METOAUKH pacuera JKeJ1e300eTOHHBIX
KOHCTPYKIIUH  MHOTO3TQXKHBIX  3JIaHUH  H
COOPYKEHHH, OCHOBaHHOU Ha MeTo/Ie
cocperotoueHHbrx  gedopmaruii  (MCJH) ¢
peasm3arniell Ha BBIYUCIIUTETBHOU TEXHHUKE
ydeTa BJIMSHUS  PaACUIUpPEHHsA BJIUSHUE ©
peasibHBbIE HarpaMMBbl JleopMUpOBaHUs OeTOHA
U apMarypbl TpPHd Pa3JUYHBIX BpeMeHax
Harpy:keHus. Takke  IOAPOOHO  OIHCAHO

(dopmMupoBaHHEe IIOCKOHM M HU3THOHOW MOAEIU
JUIsL  pacyeTa KeJIe300eTOHHBIX KOHCTPYKITHI
METO/IOM COCPE/IOTOUEHHBIX JiepopManuii, c
IIOJTHOHM InarpamMMou AeopMupoBaHus OeTOHA U
apMaTyppl € yYEeTOM TE€OMETPUUYECKOH U
¢dusnueckoil HeJIMHEWHOCTH, B TOM YHCTIE
HUCXO/AIIEN BETBb B 3aBUCUMOCTH OT MCXOHBIX
naHHbplx. Kpome TOro, JaHo cpaBHEHHE
MIOJIyYeHHbIX  Pe3yJIbTaTOB  aHAJIUTUYECKUX,
TEOPETHYECKUX W SKCIIEPUMEHTAIBHBIX JTaHHBIX
HCCJIEIOBAHMM.

. BBELEHWVE
B MOHOJIUTHBIX MHOTO3TAXKHBIX B3JAHHUAX U
COOPY)KEHHSX, fABJIAETCA OZHHUM W3 HOBBIX
MIEPCIIEKTUBHBIX ~ HAINPaBJIEHUN, €ero 00BeMbI

CTPOUTEBCTBO B KOTOPBIX PACTYT TOJl 32 TOZOM.
[IpumeHenne CcOOPHO-MOHOJIUTHOTO — KEJI€30-
06eToHA 0 CPABHEHUIO C IOJHBIM MOHOJIUTHBIM
PE3KO CHHUKAET TPYAOEMKOCTh IIPOU3BOJCTBA
paboT Ha CTPOUTETFHOM IUIOIIA/IKE, UCKITIOUAETCs
pab6oTa 1O  YCTPOMCTBY  IOJJIE€P’KUBAIOIIEH
onanyoku. COOPHO-MOHOJIUTHASS KOHCTPYKIIHS
IPU BO3BEJAEHUU CTAaTHYECKU HEOIPEe/IeTNMbIX
CUCTEM I03BOJISIET JIOBOJIBHO MPOCTO 00ECIIeYUTh
MIPOCTPAHCTBEHHYIO KECTKOCTh 3JaHUs WU
COOpY’KEHHS B II€JIOM, a TAKXKE COKPATHTH CPOKH
CTPOUTENBCTBA [0 CPAaBHEHUIO C IIOJIHBIM
MOHOJIUTOM B  HECKOJIbKO  pa3, CHHU3UTH
TPY/IOEMKOCTh IIPOU3BOJICTBA PabOT IMOpsiiKa B
1,52 pasa U COOTBETCTBEHHO yMEHbIIAETCs
CTOUMOCTh OOBEKTA.

B MHOTO3Ta)KHBIX TPAXKTAHCKUX U OOIIECTBEHHBIX
37IaHUSX  DJIEMEHTHI  MPOSBJIAIOT  OOBEKTOM
OPHEHTUPOBAHUS Ha pacCUueTHble K OIBITHBIE
HCCIENOBAHUA. AHaIN3 TaKuX 00C/aeq0BaHuN
MPEJICTAaBJISIET, YTO Y HUX MHOTO OOIIETrO B YaCTH
HUCXOIHBIX MOJIOKEHUH, OZITHAKO OHU
pasauyaioTcs crnocoboM peanusanuu. B HuX
MO’KHO BBISIBUTH OOIIYIO ITOCTOSTHHYIO TE€H/IEHITHIO
C UCIOJIb30BAHUEM KOMIIBIOTEPHON TEXHOJIOTUH 1
YCOBEPIIIEHCTBOBAHNEM PACUETHBIX IIPOTPAMM H
aJITOPUTMOB [1 - 12, 14, 15].

AXTyaJIbHOCTD paboThI 3aKTI0YaeTCs B
HEOOXOUMOCTH CO3/IJaHUSI METOJUKU pacuera
IUTUT TIEPEKPBITHH, OMNEPThIX II0 KOHTYpPY B
MOHOJIUTHBIX MHOTO3TAKHBIX 3/IaHUAX, HA OCHOBE
MeTojia cocpenoToueHHbIX Aedopmaruii (MC) ¢
peanusanuell Ha BBIYUCIUTEIBHOU TEXHUKE,
yuuThIBaolue BiausHue sddekTa pacrnopa u
peasibHbIE AHArpaMMbl JIe)OpMUPOBaHUs OETOHA
U apMaryphl, NPU Pa3JIUYHBIX JJIUTETBHOCTAX
Harpy>KeHUs.

. METOAVKA

Pacuer Hecymieli crocoOHOCTH, COTJIacHO [16],
paccyuThIBa€T B HOPMAJIBHBIX  CEUEHUAX
BEJIMYMHBI BHEIIHHUX CHJI, OCHOBBIBAIOTCSA Ha
YCJIOBHOM CXe€Me paclpejiesieHusI HaNps?KeHUuH U
nedopmanuii B 6eTOHe U apMaType IO CEeYEHUIO.
Pacuer mo 006pa3oBaHUI0 HOPMAaJIbHBIX TPEIIUH
MIPOU3BOUTCA, HCXOAA W3  IIOJIOMKEHMUH,
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HEMOXO0KUX Ha pacyeT Hecylled CIOCOOHOCTU U
OITBITHO 00OCHOBAHHBIX JAAHHBIX.

Pacuer JKes1e300eTOHHBIX 5JIEMEHTOB,
00bEAMHEHHBIX MOAAT/IMBBIMHU CBA3AMM, MOXKET
BBIIIOJIHATHCS METOZ0M COCPE0TOUYEHHBIX
nebopManvii, MeTOAUKA JeTaJbHO JIaHO B
CIIeAYIOMUX TPyAax [2 - 10].

HanpsxenHo-1edopMupoBaHHOE COCTOsIHHE
JKeJ1Ie300€TOHHBIX IUIUT BbIPaXkaeTcss MaTPUIHbBIM
ypaBHEHHEM BU/1a

[R]-v} = {P} (1)

rae: [R] - wmaTpuia BHeNIHEH KECTKOCTU
CHCTEMBI;
{v}- BekTOp HCKOMBIX repeMeIeHu i

anemeHToB MC/I;
{P} - BeKTOp y3JIOBbIX HATPY30K.

[nobanpHyl0o HyMmepanuio sneMeHToB MC/ u
CBA3eU MeTo/a MepeMeIeHU i /I BCe CUCTEMBI
11eJ1ec000pa3HO BECTH o JUTHHHOMY
HalpaBJeHHI0 (B JaHHOM cjydyae JIJIMHA-
IIIUPUHA-HAIIPaBO), IPU TAaKOW HyMepaIlluu YHCIIO0
BJIEMEHTOB PACCUUTHIBAEMON  KOHCTPYKIIUU B
JUTMHHOM HaIlpaBJieHuH Oy/ieT m, a KOPOTKOM n,
TOT/Ia IIIMPUHA JIEHTHI COCTABUTH 6-m-1N.

CBA3p MexJy BHYTPEHHUMH YCWIHAMU IIO
IUIOCKOCTSIM COCPEIOTOYEHHBIX AedopManuil u
COOTBETCTBYIOIIN MuzedOpMaIUusaAMU 3alUChIBa-
I0TCA B BUJIE.

{F} = B\ (2)

rae:  {F}- BeKTOp BHYTPEHHHUX yCUJIH;

[3] - maTpuIa BHYTpEHHEH KECTKOCTH CEUEHUH;
{A} - BekTOp cocpemOTOUYEHHBIX AedhopMaIUi
(B3aMMHBIX

CMeIlleHUH U TOBOPOTOB d1eMeHTOB MC/I).
Hna Bcex ceueHuin osaemenTop MC/l 1o
IUIOCKOCTSIM ~ COCPeZIOTOUEHHBIX  JAedopmaruii
IIPUHUMAETCSA TUII0Te3a IVIOCKUX CeUYeHU .

Cucrema  anrebpandyeckux  ypaBHeHHH (1)
pelaercss OTHOCUTEIBHO BEKTOpa IepeMelleHun
{v}. 11 aTOTO MOJKHBI OBITH U3BECTHBI MAaTPHUIIA
BHEIIHEH >KecTKOocTH [R] M BEKTOpP y3JI0BBIX
Harpysox {P}.

Nmes  pacueTHylo  Mozenb, 0e3  0coObIX
3aTPyJHEHUN MOKHO COCTaBUTHh BEKTOP BHEITHUX
cun {P}. OcHOBHasg TPYAHOCTH 3aKJIIOYAETCH B
(opMmupoBaHUM MAaTpPUIbl BHEIIHEN >KeCTKOCTU
cucreMbl [R]. JIna ee mocTpoeHUS MOXKHO
IIPUMEHHUTHh CIHOCO0 EeAWHUYHBIX IepeMeleHui
snemeHTOoB MCJ/l B HamlpaB/JeHHUU HAJIOKEHHBIX
cBazedl. OpHaKo, Kak TIOKasaja MPAKTHUKA,
y100HEee BOCIIOIb30BaThCA (hOpMyIoi

[R] = [A]-[K]-[AT" (3)

rae: [A]l- warpuna, ko3ddUIUEHTOB YpaBH-
eHul paBHOBecus1 ajemeHTOB MC/I;

[A]"- wmaTpuma, TpaHCIIOHMpPOBaHHAs C MaTp-
uier kKo3(pPUIMEHTOB ypaBHEHUH PaBHOBECHS
[A];

[K]- wmarpunma BHyTPEHHEH JKECTKOCTHU
ceYeHu.

CorsmacHo  ¢opmyse  (2)  cBA3b  MEXKIY
BHYTPEHHUMHU  YCWJIHUAMH IO  IIJIOCKOCTAM

COCpPEeIOTOYEHHBIX JledhopMaliii M COOTBETC-
TBYIOIIUMH AedopMarisaMu Jjisi TUIIOBOTO K - TO
asniementa MCJ/l 3amnuiieM B MaTPUYHOM BHJE

(puc. 1):
{F} = [D]{Akx (4)

rae: {F}- BEKTOP CHJI  IIO
TPaHsAM K - TO BJIEMEHTa

T10 TIJIOCKOCTSAM COCP€eZIOTOUEHHBIX JlehopManui;
[@]c- w™aTpuma XKecTKOCTH CeYeHUH I K - TO
aJIeMeHTa

II0 TEeM K€ I'PaHAM;

e

BHYTPEHHUX

BEKTOP COOTBETCTBYIOIIUX JlepopManiuii.
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Puc. 1: Iarubaemasi TJINTa, CBS3W METO/Ia IIeEpEeMEIeHUH 7Tl TJIOCKOTO ¥ U3THOHOTO HATIPSI)KEHHOTO
COCTOSIHUSA

Hacrosmmue  uwccieloBaHUsL MO YJIYYIIEHUIO
pacyeToB BJIEMEHTOB BEJYyTCA 110 HEKOTOPHIM
YCJIOBUSM, BBIJAEJISIONUXCS TPU3HAKAMU:

® ICIIOJIb30BaHHE B pacyerax IOJTHBIX
JuarpaMm 1e(OpMHUPOBAaHUSA «JJIsI  OJTHOO-
CHOTO CXKaTUSI U paCTsDKeHus1 OeToHA U

apMaTypbl ~ IPH  Pa3JUYHBIX  pEKUMAax
paboThI»;
e o0beauHEHUE pacueToB CeueHu i c

BBISIBJIEHUEM BHYTPEHHUX CUJI B CTAaTHYECKU
HEOIpe/IeTUMbBIX CUCTEMAX;

e TIpUMEHEHHEe B pacueTrax KOMIIBIOTEPHON
TEXHOJIOTHH.

OcraHoBuMCA Ha
chopMyJIMPOBAHHBIX YCIIOBUH.

B namHO#l pabote xene300eTOHHBIE 3JIEMEHTHI
HUMEIOT OT/IeIbHbIe TPU3HAKHU U OCHOBBIBAIOTCSA HA
COOTBETCTBYIOIIHE TTOJIOKEHUS:

OTJAEJIbHBIX us3

e T1poxaosibHble  Aedopmaruu  OeToHa  H
apMaTypbl B CEYEHUSIX Ha BCeX CTYyIeHsAX
HarpY’KeHUsl Pa3JesAoT 10 3aKOHY IIOCKOTO
JlebopMUpOBaHUS;

® IIpPO/IOJIbHBIE AedopMaIliK U HaJJIeKaIl[ie UM
HODMaJIbHbIE HAIpsDKEHHWSI B OETOHE U
apMaType IMOJIy4aloTCs «CPEeTHUMU»;

e cCeueHHMsA DJIEMEHTa MOKEeT ObITh JII000H
(bopmMBl — NPAMOYTOJIBHUK, KPYT, IBYTaBp,
mBeJsuIep u T.4. (puc. 2).

3akoH 0] pacrpezieieHuu MIPOJOJIBHBIX
nedpopmanuii B O6eToHE W apMaType IO 3aKOHY
TUIOTE3bl IUIOCKUX CEYEHUH JJIsi HaIpPSKEHHO-
neOpMUPOBAHHOTO COCTOSTHUSA SIBJISIETCSA
cnopubiM. OpHako pabora B CTaAUU [0
o0pa3oBaHUsA TPEIIVH, YTO U IIPUHATO B paboTax
[16], uTo ABJAETCA cIpaBeIMBON U I CTA/IHH
mocsie 00pa3oBaHUs TPENUH, HO B CEUYEHUSIX
MEXIy TpeIIuHAMH U B CEYEHHUAX MPAMO II0
TpeluHe; B JPYrMX  y4acTKaX  KOHEYHO
HMCKPUBJIEHUE CEUEHUN.
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Puc. 2: PacueTHasA MOJieJib JJIsl CeUeHUs IIPAMOYTOJIbHON (DOPMBI

Il yJacTKOB MeX/y TpeIlMHaMH II0 THIOTe3e
IUIOCKUX  CeYEHUH, HCIOJb3yeTcsl  CpefHee
3HaueHne pgedopmaruii OeToHA M apMaTyphl.
Takke poImyckaeTcs, MOAKIIOUEHHE HEKOTOPOTO
YCJIOBHO «pacCTsSKUMOTro» 0OeToOHa, KOTOpBIN B
I[eJIOM COXPAHSAET WHTETPAIbHBIE JKECTKOCTHBIE
CBOICTBA 2JIeMeHTOB. TeM He MeHee, BBOJJUMBIN B
pacuer  «pacCTSDKUMBIH»  OETOH, TI03BOJISIET
OIIEHUTh IIMPUHY PACKPBITUS TPEIIUH, KaK 3TO
chopMmyspoBaHO B paboTtax [13].

s pacuera 5JIEMEHTOB aHaJIOTHYHOE
IpUMEHEHHEe  CJeJIaHO  HEJAOCTaTOYHO,  YTO
Pa3bsACHIET MaKCUMAaJbHOU (U3WYECKOU cxeMa-
THUYHOCTBIO siBJIeHUs. CyIlieCTBEHHBIM CTyIIEHEM B
¢dopmMupoBaHMM  pacyeTHONM  METOAUKUA  C
HEJTMHEHHO-PAOOTAOIUX  BJIEMEHTOB, BO3HH-
KIIUM ynorpebieHueM BBIUUCJIUTEIHBHON
TEXHUKH IIPU HCIIOJIb30BAaHUU HTEPAIMOHHBIX
nporieccoB. [Ipu pacyeTe Hecylel ClIOCOOHOCTH U
JKECTKOCTH 3JIeMEHTOB M Pa3pellnsio MPUHUMATD
BCECTOPOHHHE pe3yJIbTaThl, B HaUOOJIbIIEM
YPOBHE COJIM?KAIOIIUECS C ONTBITHBIMU JJAHHBIMU.

B pacuerax Hecy1ell cnocOOHOCTH, IIOKa3aHHBIX B

JaHHOU  paboTe,  COCPEJOTOYHBAJIO,  UTO
pacTAHyThIH OeTOH JIeMCTBYeT C  IIOJIHOU
auarpaMMoi  1eOpMUPOBAHUSA <O €,
OBJIaZieBasi ~ HUCXOJSAINYID  BETBb  IIOJTHOHU

MPOTS?KEHHOCTH! B JIOKAJIM3AIUU OT BBIBOJIHBIX
JIaHHBIX (pHC. 3).

C TOYKU 3peHHUsI O «PACTSKUMOCTH» OeToHa, 6e3
yBeJIMUeHUsI ero jiepopMarii MOKHO IPU3HATH
KJIACCHUECKUM  H300pa’keHHWe  PACTAHYTOTO
OeToHa B BJEMEHTaX, COOTBETCTBEHHO IIOCJIE
nosBiaeHuss B OeroHe nedopmanuili € = €y, U
HAaIPSKEHUH O, = R, OH UCKIIIOYAET PACTSKEHUE,
B pe3yJIbTaTe CeUeHUsIX MMOSBIISETCS TPEIINHA.
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Puc. 3: ImarpaMMbl AePOPMUPOBAHUS «O,—Ey» JJI PACTSKEHUS OETOHA:
a) /1 IepBOTO ciryyas 6eToHa, 0) /11 BTOPOTro ciiy4das 6eToHa

Hcxons U3  BBIIIEU3JI0KEHHOTIO,
MIEPEUNCTIUTD HEKOTOPbIE HEJOCTATKH:

ciaenyer

e B pacuerax JIOJIZKHO MIPOBOIUTHCS
paccMOTpeHHe HampshKeHHO  aedopMHpo-
BAHHOTO COCTOSHHSA BO BCEX CEUYEHUAX U
OTpeNeSINTh, UMEIOTC U (MU HEe UMEIOTCS)
TPEIINHBI B OETOHE;

® IIpU pacyerax BHICOKOW TOYHOCTHU (MTepaIyim)
MOKeT OBITb «3aluKJIWBaHUE», T.e. C
o0pa3oBaHUEM TPEIUH B PACTSIHyTOM OeTOHe
co37jaeTcsi ~ M3MEHEHHEe  XapaKTEePUCTUKU
HEYCTOMYHBOCTH CEYEHUI.

Tem He MEHee, BKJ/JIIOYEHHE «PaACTAXUMOI'O»
beToHa B pacCyeTHYIO METOAUKY, AOJIZKHO
IIPpUHHUMAaTb COOTBETCTBYIOIIIECE 000CHOBaHUE.

[IpencraBum, YTO ¢ NPUMEHEHHWEM pacYeTHOMN
METOJIUKH «PacCTAKUMOTO» O6eToHa u
HCIIOJIb30BAHUEM OT/EJIbHBIX YCJIOBUU, MOXKHO
MIOJIyYUTh PaBHBIE PE3YJIbTaThl, UMEIOIINE MeCTO
B  pacueTHOH MeTO/IMKE C OrpaHUYEHHO
pacTsKuMbIM OeToHOM. IIpu pacuere 371eMEHTOB,
cjlefyeT yd4ecTb He TOJIBKO TeOMeTPHUUYeCKYIo
HeJIMHENHOCTh, HO U (UBNUYECKYI0 HEJTUHEHHOCTbD.

[Tpu HE3HAYUTETbHOM 9KCIIEHTPUCUTETE
HOpMaJIbHOM cHyIbl N OTHOCHUTEIBHO TJIABHOU OCHU
nedopmanusa 6eToHa Ha He 6oJiee HAPSKEHHOU
IPaHUIle MOXKET OBITh COBEPIIEHHO HEeOOBIIION 1

COOTBETCTBEHHO, CEKYIIHU MOIYJb AedopMaun
0JIM30K K ITepBOHAYaIbHOMY, T.€. E' = E,..

Takum oOpaszoM, dusndeckas HEJIUHEHHOCTD,
MMPOXO/IAINEH CKBO3b CEPEJIMHY  KECTKOCTeU
sJileMeHTa B YCJIOBHUSAX  y4deTa  CTelleHH’
J1eOPMHUPOBAHHOTO COCTOSIHUS, «OTXOJIUT» OT
JIMHUM IEUCTBUS HOPMATBLHOU CUJIBbI N, TTIOBBIIIAS
IepBOHAYATbHBIN HKCIIEHTPHUCHUTET.

B pesynbpraTe (pu3NUECKON  HEJIMHEWHOCTH,
COOTBETCTBYIOIIME MAaKCUMAJIbHO IIOJyYE€HHBIE
BEJINYUHBI  J1e(OPMUPOBAHHOTO  COCTOSHUSA
2JIEMEHTa «IIPUOIMIKAIOTCSI» K KOHTYPY A€ACTBUS
HOpDM&JIBHOM cuibl N, 0Opu 3TOM CHU3UB
[IepBOHAYAIbHBIN BKCIIEHTPUCUTET.

I[To w™etomy cocpeOTOYEeHHBIX JedopManuii
(usmueckas HEIUHEWHOCTh HA OIPEIEJEHHOMN
CTYyIEHU HarpykeHuss U B JIIOOOM Jpyrom
3JleMeHTe IPUHHUMAaeTcs MallMHAJIbHO, YTO B
MaTpHlle JKECTKOCTH CeYeHUs  Cofiep:KaTcs
HECKOJIPKO  DJJIEMEHTOB, B  KOTOPBIX  He
PaBHOIIDAaBHBIE HYJII0 M pa3Mep TOT WJIH JIPYyTroi
YCTaHABJIUBAETCA BEJTUIUHOUN
7le(opMUPOBAHHOTO COCTOSTHUSA B CEUEHUH.

CorytacHo [5 - 10], AuarpaMMbl «Oy, - €,» s
06eToHa M apMaTyphl IPU OJHOOCHOM CXKATUH U
pacTsoKeHWM TMPUHUMAIOTCA B eQUHOOOPa3HOU

dopme:
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Onm = Eym'vm'sm = Em'sm (5)

rze: v, — k03bduiuenTs! ynpyrux aebopmanuii marepuasna (betoHa, apMmarTypsl).

_m(e /g)_”’_1

saech: E, = v, B v=e

B memnacTuueckoi crasii paboThI, €CIU OCEBBIE
KOODJMHATHI TIepeMelleHbl K OCHOBHOH, TO
(dbusuueckass HeJMHEHHOCTh TPUOIMIKATHCA K
OCHOBHOM, B pe3yJIbTaTe 4ero OyJeT CYUTAThCSA
TJIaBHOM.

Orciola MOKHO 3aMeETUTh, YTO B TIOPsKe
MIpOM3BeJIeHUN Ha TIOKa3aHHble YCJIOBUA He
IIPUHUMAETCs] MHTEpPEeC, U3 3TOr0 PUHUMAaeMble
OTBETHI MOTYT BKJIIOYATHh ITOTPEIIHOCTH, YPOBEHD
KOTOPBIX yCTaHaBJIMBAETCS abcTpaKkTHOMU
pacueTHOU cuTyanuen.

B wactHOCTH pacueT 1o 1eOPMUPOBAHHOM CXeMe
BJIEMEHTOB OCTAHETCS TeM JKe, UYTO U JIJIsl YIPYTUX
BJIEMEHTOB C Pa3jIMyueM, UTO Ha OIpe/ieIeHHON
uTepanuu pu oOpa3oBaHuU BEKTOpa
JIOIIOJTHUTEJIBHBIX Y3JIOBBIX MOMEHTOB Hapsay C
STUM PACCYUTHIBAIOTCS 3JIEMEHTHl MATPHIIbI
JKECTKOCTU U MaTPHUIIbI BHEIITHEN YKECTKOCTH.

Pacuer xeyie300€TOHHBIX 3JIEMEHTOB Ha OCHOBE
HU3JI03KEHHOTO OCYILeCTBJIAETCA 10 IIporpaMme U
aJITOPUTMY Ha KOMIIBIOTEDHOU TEXHOJIOTHU.

“m=In(R,/E, -¢&).

2

[Tpu 3TOM pelaiuch CAeAYIOe 3aauu:

® VYCTAaHOBJIEHHE IIapaME€TpOB, T.€. TOYHOCTH
IIpY MUHHUMAJIBHOM 4YHUCJIE I/ITepaIJ;Plﬁ;

® HaXOXK/EHUE pallMOHAJIBHBIX  IIPUEMOB
pasOuMBKH  CeUYeHHMU Ha  DJIeMEHTapHbIE
YYaCTKU;

e T1IpoBepKa TPeOyeMbIX CXeM O pa30uBKe
JKeJIe300€TOHHBIX DJIEMEHTOB HA DJIEMEHTHI
METO/Ia COCPEIOTOYEHHBIX AedopMaIiuii;

e T1poBepka  mojcuera  jAedopmanmui 0 U
repeMenieHuin IS 2KeJ1e300€TOHHBIX
9JIEMEHTOB B YIpPyroi paboTe, C yd4eTOM
nedopMUpOBaHUA pacuyeTa TPH Pa3HBIX
YCJIOBHSIX OITUPAHUS U HATPY>KEeHUS.

YkazaHHBIE 3a7lauMl pelIINCh IO JaHHBIM
Pa3JIMUYHBIX  ONBITOB,  KOTOpble  IIPUCYIIU
pacUeTHBIM yCJIOBUAM.

. PE3YJIbTATbI

ITpumep 1: PaccMOTpUM IPSMOYTOJBHOE CeUeHHe C OAMHOYHOU apMaTypod B YCJIOBHSAX IPSIMOTO

nusruba (puc. 4).

TpebyeTcs onmpenenuTh HECYIIYI0 CIOCOOHOCTh HOPMAJIBHBIX CEUEHHH II0 METOJIy COCPEIOTOYEHHBIX
nepopmManuii ¥ COIOCTABUTD C Pe3yJIbTaTaMU OIbITA.
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Puc. 4; I3rubaemMbli 3JIEMEHT C OJTHHOYHON apMaTypOU
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OThICKUBaHWE  BEKTOPA,  COOTBETCTBYIOIIETO
Hecyllled CcrocoOHocTH, T.e. cHOPMHPOBAHHOIO
MMO3TAITHOTO TOBbINIeHUusT BekTopa {F} (cTymeHu
npuHATH 0,1-{F} ,..), IPU KOTOPOM IOSBJISUIKCD
paspylleHus, T.e. 10Xoaus1 BeKTop {F},.. 3arem
BekTop {F} mpumensuicsa mexay {F} - 0,1-{F}
u {F} c¢TouHocrsio () = 0,01.

Crynenu Harpy»KeHHs BEKTOpA {F}
ONIPENENIAIOTCA ~ HUCXOAsl U3  MPUOIMIKEHHOTO
pacuera, IpH 3TOM JIOJDKHO OCYIIECTBIISETCH, IO
BEpOSITHOCTH, roJiaras, YTO TOYHOCTb
HUTeparMoOHHOTO pacyera {) = 0,01 B OI[EHOYHOM
pacuere Bekrtopa {F} Maso TpaHchopMHpPYyeT
HMCKOMBIU pe3yJsIbTar.

OTtcrofa cienyer, 9YTO MPU HEOOJIBITUX CTEMEHSX
Harpy>KeHusi  UTepallMOHHble  TPOIECChl ¢
TOYHOCTBIO = 0,01 cOImKaloTcsA ObICTPO, Ha

IIepBBIX CTYIIEHAX B3a 5-7 WUTEpauuil, a i
JIOCTMKEHUSI TOYHOCTU HA KOHEUHBIX CTYIEHAX
norpebyeTcss HECKOJIBKO JIECATKOB UTepaIui.
Pazpyiienue, BBISBJIEHHOE II0 MaTepuUaiaM
pacdueros, COOTBETCTBEHHO IIPEAIOJIaraTh
paspyiienue OeToHAa: B PpACTAHYTOH apmMaType
HaIpPsDKEHUE OJI0JIEJI0 TIPeJiesl TEKYYECTH, HO He
ZIOCTUTJIO BPEMEHHOTO CONPOTUBJIEHUA (O oy =
382,226 MIla), mnpu »sTomM pAedopmarus
cocraBmia 2,2%.

Takum o6Opasom, cieayeT yTBEpP:KIaTb, YTO
MPUHATOE PAacUYeTOM HAIPSKEHHO -IedOopMUPO-
BaHHOE COCTOSIHHE DJIEMEHTA COOTBETCTBYET STAITy
paspyllleHusi, a pe3yJIbTaThl pPa3pyIIAIIIEro
MOMeHTa OJIF)Ke K OIIBITHOMY, T.e. MEHbIIIEe
onbpITHOTO Ha 8,8%.

IIpumep 2: TlpousBecTu pacyeT HeECYIIEeH CIIOCOOHOCTH U KECTKOCTH KeJIe300€TOHHBIX DJIEMEHTOB
npsMoyrosibHOTO ceuenus (B-H =15,3x30,5 cM, JJIMHOW 3M) M 3arpy:KEHHOH COCPEAOTOYEHHBIMU
CWJIAMH B 2-X TOYKax. XapaKTePUCTUKU MaTepuasoB: 0eToH - R, = 29,5 MIla, R, = 1,6 MIIa, E, =

[

39500 MIla;
MIIa.

€s = 2,5 %; apmarypa - 2016 knacca A-II ¢ Ry= 359 MIla, R,, = 498 MIla, E;= 2:10°

Pacuer OCYyIIIECTBJIAJICA HaA KOMHBIOTepHOﬁ TEXHOJIOTHUH (pI/IC 5)
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Puc. 5: I3aMeHeHNe KPUBU3HBI IPOJIOJIBHOM OcU NpH 3arpy:keHuu: 1 — o Cuull, 2 — o meroxny
COCPEe0TOYEHHBIX eDOPMAIUH, 3 — 10 OIIBITY
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JKene300eTOHHBIN BJIEMEHT B IpoJieTe pa3dUT Ha
11 3JE€MEHTOB MEeTOZIOM  COCP€eOTOYE€HHBIX
nebopManuii C TpeMs CTelmeHAMH CBODOOBI,
JUIMHOU 0,35 M U 0,3 M. Pazpymatomas Harpy3ka
mo pacuery cocraBmia P = 33 kH,
SKCIIepUMeHTaIbHOe 3Hayenue P, = 33,3 kH.

B ympyroii cragun paboTel TporuObI 37eMeHTa B
cepesvHe IpoJieTa pasiInyaTcs oT
QHIUTHYECKU BBIYMCJIEHHBIX Ha +0,547%, YIJIbI
IMIOBOPOTAa B OIIOPHBIX BdJjieMeHTax Ha +0,8%,
KPUBU3HBI B cepe/iuHe IIposieTa — Ha 0,01%.

[p=m—

0 P

Pl{bu-"l.

Takum 00pa3oM, 4YTO BBIYHCIIEHHA MPOTHOA IO

WU3JIOKEHHOW METOJIMKE TIIPU CPaBHUTEIHBHO
HeOO0JIBIIIOM qucsie 3JIEMEHTOB Meroza
COCPEeI0TOYEHHBIX nedopmanuit JIAI0T

SHAYHUTEJIbHYIO TOYHOCTbD.

Ha puc. 6, npezcrasiieHbl 3II0pbl KPUBU3HBI U
U3rubarouX MOMEHTOB [UIS JIBYX CTyIeHed
3arpy:KeHus MpU HArpy3Ke, COCTABJIAOIIEH 70%
OT pazpyuiamoinei u 96% ot pa3pylIaoIen.

=

Py
=

1,2m

P a aHanMTUKanblK

TOMNTOSIIOH
nedopmaumanap
mMeToay

Puc. 6: mopbl U3rubaeMbIX MOMEHTOB

OTciofa ciiefyeT, YTO C YBeJIUUYEHHUEM Harpy3Ku
SIIOpa KPUBU3HBI IOCTEIIEHHO OTKJIOHSETCS OT
SIIOPHI U3THOAIOIIHUX MOMEHTOB. IIpu Harpyske
70% OT paspymialolell cocTaBuia +1,3% U IIpH
Harpy3ke B 96% OT paspyllaolledl Harpy3Ku
+17% 10 CpaBHEHHIO C pacyeTaMH II0 METOMAY
COCpE/IOTOYEHHBIX JIehOpMaIIHi.
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Comprehensive Rehabilitation of Patients with
Pneumonia Caused by COVID-19 at the
Ambulatory Stage

KoMnnekcHas peabunmtaums naumeHToB, NepeHeCcLIMX KOPOHABUPYCHYIO
MHEBMOHMIO, HA aMBy/TaTOPHOM 3Tane

T.A. Novikova®, E.A. Popov®, TV. Rubanik?, NV. Shapiro®, N.L. Shaporova* & AV. Tishkov$

AHHOTALMA

ITospexcoerue ne2kux, 8bl38aHHOE HCU3HEOEAM-
eabHocmwvlo  supyca SARS-COV-2, seasemcs
cepve3HbiM npensamcemeuem K 6bl300p08/1eHUI0
nauuenmog c¢ COVID-19- accouuuposaHHou
nHesMoHuell. JleueHue nocmkoguoHo20
cuHdpoma 6 Hacmosiuwee 8peMs- 3HAUUMAA
npobaema Mupo8o20 30pasooXpaHeHUs.

HmenHo noamomy npogedeHue nNYyabMOHO-
fn02uve-ckoll peabuaumayuu 8aXcHO HaA 6cex
amanax 6osne3Hu. B cmamve npedcmasaennl
npo2pammsl  KOMNAEKCHOU  peabuaumayuu,
sxaouarwue @usuonedeHue, 2an10UH2ANAYUL,
nevebHy0 Puskyavmypy u 2unepbapuueckyro
oxcueenayur. H3yueno eausHue  OaHHbIX
Memodos Ha nokazameau PYHKYUU BHEUWHe20
OblXaHUsl, AHAAU3bL KPOBU, COCMOsIHUE OpP2aHO8
2pyodHoil Kaemku no pe3yavmamam
KomnvlomepHoll  momoepaduu,  NYAbCOKCU-
Mempuu, o00biwKu no onpocHuky mMRS.
H3eecmHo, umo npu kopoHasupycHou uHgexyuu
passusaemcs JudpysHoe anveeonspHoe
nospescdeHue, Komopoe Mox*cem npusecmu x
HapyweHutro  Ou@d@ys3uoHHoll  cnocobHocmu
nezxkux. B cmamve paccmampusaemcs eausiHue
2unepbapuueckotl oKcuz2eHa- yuu Ha
nokasameau  Jug@ysuonHoll  cnocobHocmu
Ne2KUX.

Kntoyesbie cnosa: COVID-19; IOCTKOBHUIHBIN
CHUHAPOM; IIYJIbMOHOJIOTHYECKasAa pea6I/IJ'II/ITaIII/IH;
runepbapuyeckas OKcure- HamusA;, AuDPys-
MOHHAasI CIIOCOOHOCTb JIETKHUX.
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ABSTRACT

Lung damage caused by the SARS-COV-2 virus is
a serious obstacle to recovery in patients with
COVID-19-associated pneumonia. The treatment
of post-COVID-19 syndrome 1is currently a
significant problem in world health care.

Therefore, pulmonary rehabilitation is important
at all stages of the disease. The article presents
programs of restorative treatment, such as
physiotherapy, haloinhalation, exercise therapy
and hyperbaric oxygenation. Their influence on
the indicators of the function of external
respiration, on blood tests, CT, pulse oximetry,
and on the assessment of dyspnea according to
the mMRS questionnaire was considered. It is
known that with coronavirus infection, diffuse
alveolar damage develops, which can lead to a
violation of the diffusion capacity of the lungs
(DSL). The article discusses the effect of
hyperbaric oxygenation on DSL indicators.

Keywords: COVID-19; post-COVID-19 syndrome;
pulmonary rehabilitation; hyperbaric oxygena-
tion; lung diffusion capacity.
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. BBEOEHME
B Hacrosmee Bpemsa Oopsba Cc  HOBOH

KopoHaBupyc- Hoi uadeknueit (COVID-19) crana
MPUOPUTETHON 3aZlauell MHUPOBOTO 3/IPaBOOX-
paHeHus. I13BeCTHO, YTO MOCJIE BBI3/IOPOBJIEHUA U
BBIMIMCKY M3 CTAIlMOHAPA y MAIIEHTOB B TEUEHUE
MPO/IOJI’KUTEIPHOTO ~ BPEMEHU  COXPAHSAIOTCS
OZIBIIIIKA, YTOMJIIEMOCTb, CHU)KEHHe pabo-
TOCIOCOOHOCTH, TIOTEPA TMaAMATH U JIpyTHe
CHUMIITOMBIL.

Tak TOSBUJICA HOBBIH TEPMHH - ITOCTKOBH/IHBIN
curapoMm (cuH.: long COVID; post-COVID-19
syndrome; post-acute COVID-19 syndrome),
OTHCHIBAIOIIMI MPU3HAKKA U CHMIITOMBI, KOTOPBIE
pasBuBaTCS B TedeHne 3aboseBanuss COVID-19
WJIH TIOCJIE HETO, IPOZoJIKAoIrecs Oosiee 12 Hel,
BO3HHKAIOII1E BOJIHOOOPA3HO WIN Ha
ITIOCTOSTHHOM OCHOBE M HE HMEWINHNE abTepPH-
ATUBHOTO JarHo3a (KOHCEHCYCHOE OIpe/iesIeHIe
ITOKa OT- CyTCTBYET).

[TocTKOBUJIHBINL  CHUHJPOM MOJYYMJ OQDULIH-
aJIbHBIM cTaTtyc OOJIe3HU W TMOABWICA B HOBOU
penakmuu  MeXayHApOAHOH  KyiacCHU(pUKAITUN
Oosie3Helr 10-To mepecmoTpa moxa koxom U09.9
Post-COVID-19 condition. B ocHoBe maTorenesa
IMOCTKOBU/IHOTO CHHJIpOMA JIeKaT CJIeIyIolue
MeXaHHU3Mbl: HEHPOTPOIHOCTh U  HEHPOBU-
PYJIEHTHOCTD, TIaTOJIOTHYECKUH UMMYHHBINA OTBET,
I10- BBIIIIEHHOE TpoMOOoOOpazoBaHue [1].

W3BecTHO, UTO IPU KOPOHABUPYCHON MHOEKINU
pasBuBaeTcs auddysHoe QJIbBEOJIIPHOE
IIOBpEXK/IeHHe, COIPOBOXKAeMOe aIbBeOJIAPHO-

reMOpparuyecKkuM CHHAPOMOM ¥  PacIpo-
CTPAaHEHHBIM TPOMOO30M MHKPOIIUP- KYJISATO-
PHOTO pycJa, 4TO CJIYKUT IPUINHOU TUTIOKCUH U
JBIXaTeJIbHOU HemocTraToyHOCTH [2]. B cBsA3u ¢
STUM MOJKHO IIPEIIOJIOKUTh, UYTO HauboJiee
3HAYUMBbIM  (PYHKIIMOHAJIBHBIM  HapylleHUeM
pecnupatopHoii  cucrembl npu  COVID-19
ABJIsieTcsl HapyieHue aud@Gy3HUOHHOU CIIOCO-
o6uoctu Jsierkux (/ICJI), KOTOpoe Tak»kKe MOKET CO-
XPaHATHCS PU IMTOCTKOBUTHOM CHHIPOME.

JannHoe MIPEINOJIOKEHE MO TBEPKAeTCs
pe3yjbTaTaMH OTEUECTBEHHBIX M 3apy0OeKHBIX
uceneposanuii. Tak, mo manHbpIM X. Mo U coasT.
[3], mapymenme pud@y3noHHONU CIOCOOHOCTH
JIETKMX B PaHHUH TEePUOJ BbBI3JIOPOBJIEHUS
manueHToB, TmepeHecimux COVID-19, 6bu10
BBISIBJIEHO B TIOJIOBUHE cCJIydaeB. B wuccren-
OBAHUSX COTPYJIHUKOB IJIaBHOTO BOEHHOTO
KJIMHUYECKOTO TOCIIMTAa-IsI UMEeHHU akajeMuka H.
H. Bypnenko [4] 6bU10 MOKa3aHO, YTO B PaHHUUI
nepuoy, BeizfoposiaeHusa mnociie COVID-19 6osee
YeM y IIOJIOBUHBI TAIMEHTOB OTMEeYasioch
Hapyuie- uue JICJI [5, 6]. J.

Frija-Masson u coaBT. [7] BBIABWIN pe-
CIMpATOpPHbIE HAPYIIEHUS Y 54% MaleHTOB Ha
30-H JIeHb 10CsIe TIOSIBJIEHUS IIEPBBIX CHMITOMOB
COVID-19.

DyHKIMOHATbHBIE HAPYIIEHUS pPeCIuPaTOPHOU
cu- crembl nocsie COVID-19 (mapymenue J1CJI)
BJIMSIIOT Ha KAYEeCTBO JKU3HU IMAI[MEHTOB, CJIy’KaT
MPUYUHON OJIBIIIKUA, CJIa00CTH M YTOMJISIEMOCTH
[8], wuro o0OycioB- JMBaeT  0COOEHHOCTH
ITyJIbMOHOJIOTHYECKOI peabu-

Cnucok cokpameHmii

I'bO — runepbapuueckas OKCHIeHALHA
JCHT — audrpysuonnan cnocobHOCT TETKHX

JIATAIMKA  STUX IIaMEHTOB Ha BceX JTalax
0OJIEBHH U JIUKTYeT HEeOOXOJAMMOCTh IIOMCKA
HOBBIX IIOAXOJIOB K BEeJEHUIO OOJIBHBIX C
ITOCTKOBU/THBIM CUH/IPOMOM.

B oreuecTBeHHOU U 3apy0eKHOU JIHTEPATYpE
aKTUBHO  OOCY>KZAIOTCA  BOMPOCHI  JIETOYHOU
peabwnuranuu  nocie COVID-19. CorsiacHo
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BpeMeHHBIM METOUYECKHM PEKOMEHIAIUSIM TI0
MEAUIIMHCKON peabMINTaIliH MAIlHEHTOB ¢ HOBOM
KopoHaBupycHOi wuHpeknuet COVID-19 or
Corsa peabunurosioroB Poccun [9], wmenu-
IIMHCKAs peabrInuTaIusA BKIIOYAeT TP dTala.

IlepBBIli — OKa3aHUE METUITUHCKOW MOMOIIH II0
MEIUIIMHCKON peabwauTanuu B OT/AEJIEHHAX
WHTEHCUBHOW  Tepamuu W  WHQEKIUOHHO-
TepaneBTUYECKUX OTAEJIEHUSX, OPTaHU30BaHHBIX
JUIsT  TIAI[MEHTOB € HOBOM KOPOHABHUPYCHOM
uHpeknuer. Bropoll sTam  mpoBoAUTCA B
OT/IeJIEHUX MEIUITTHCKOM peabwIuTaIu
MaIlMeHTOB € COMATHUYECKHMHU 3a00J1€BaHUAMHU,
TpeTuid B aMOyJaTOPHO-TIOJIMKJIUHUYECKUX |
CaHATOPHO-KYyPOPTHBIX (IIpW HAJUYUU PeabwIu-

TAIJUOHHOTO OT/IEeJIEHUA) MEeIUINHCKUX
yUpexXJleHusAX. PeaOuiuTaniOHHBIE MEPOIIPH-
ATASA  NO3BOJIAIOT  3HAYMMO  BOCCTAaHOBUTH

JIBIXaTeJIbHYI0 (QDYHKITHIO y TAIlEHTOB, YIYUIIUTh
Ka4yecTBO JKU3HU, COKPATUTH CPOKH BpeMeH- HOU
HETPYZOCIIOCOOHOCT ¥ YMEHBIIUTh  YHCJIO
CJIy4aeB IEPBUYHOU MHBAJIUIHOCTH [10].

Il CXEMA MAPLPYTU3ALNI
NALUMEHTOB

CII6 I'BY3 «I'KALI N 1» ABisfeTcsa KpynHeUIIuM
JiedebHO - TPODMIAKTHYECKUM aMOyJIaTOPHBIM
yupexnenueM Cankr-IletepOypra, rzae mpoBo-
IuTcs  oOcyleZloBaHWE W JieueHue OOJIbHBIX
pazangHbIX mpoduaei. C UIOHSA 2020 T.

ydpexxJieHue OJHUM U3 IepBbIX B TOpoOJie

OpraHU30BaJI0  PeabWINTAIHOHHOE  JIEUeHHE
MMalMeHTOB,  IEPEHEeCHIUX  KOPOHABUPYCHYIO
IMHEeBMOHHMIO. 3a roj (¢ UI0HA 2020 10 UI0Hb 2021
r.) IyJIbMOHOJIOTHYECKass peabuiuTanus ObLia
mpoBeZieHa Oojiee  uYeM 1000  IalHEeHTaM.
O6cnenoBanrie W BefeHUE STHX OOJIBHBIX IPOBO-
JIJIOCH TI0 CJIEAYIONIEMY aJITOPUTMY (pHc. 1).

OpuuM u3 3BeHbeB B nmatoreHesze COVID-19 aBis-
eTcsi  pasBuTHE THUIOKcuu. DopMupoBaHUE
JIAHHOTO I1aTOJIOTHYECKOTO IIPOIEcca IPOUCXOUT
II0 HECKOJIbKMM MeXaHu3MaM: HapylleHue
muddy3un  KUCIOpoJla dYepe3  aJIbBEOJISIPHO-
KaWUIAPHYIO MeMOpaHy B pe3yJbTaTe
BOCITJIUTEILHOTO IIpOIlecca B JIETOYHOUW TKaHU;
HapyllleHWe KHUCJIOPOJHO-TPAHCIIOPTHOU (YHK-

I[UHM TeMOTJIOONHA, 00YCIOBJIEHHOE TOKCHYECKUM
Bo3/elicTBUeM Oesika BuUpyca; oOpa3oBaHUe
MHKPOTPOMOOB-
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MauumenT, nepeHecwnin COVID-19

(BbISﬂ,OpOBHEH ne noaTBepKAeHoO oTpulaTtenbHbIM

pe3ynbTaTtom nccnegosaHua Ha COVID-19
MeTOLOM MOMIMMEePasHON LienHoW peakumm)

|

MepBuYHbIN Npuem Bpaya-ny/ibMOHoJOra

. KomnblotepHas Tomorpadusa rpyaHon KNeTky 4aBHOCTbIO

He 6onee mecsaua

. MynbcokcumeTpus (onpepenexne SpO,)
. OyHKUMA BHELWHETO AblXaHUA
. KnuHuveckuin n 6moxmmMmyecknin aHanmsbl KpoBu,

C-peaKTMBHbI 6eNloK, 06LWMiA aHanu3 Moyu

. dnekTpokapanorpadus
. 3anonHeHue onpocHMKa ofbilwkn mMMRS

|

Kypc peabunutauum (21 geHb)

. JleuebHas $uU3KynbTYypa: NpoBefeHME rPYNMnoBbIX 3aHATAN
. Du3noTepaneBTNYECKOE NIeYEHNE: Ha3HaYeHWe npoLeayp

N pexunma nx NpoBefeHna

. HebynaizepHasa nHranaumoHHasa Tepanma
. fanoTepanus
. Maccax rpygHown KneTku

o »n

MoBTOpPHbIN Npuem Bpava-nyibMoHoNoOra

KoHTponb:
1.

KomnbloTepHas Tomorpadus rpygHom KneTku

2. MynbcokcnmeTtpua
3.
4. KnuHnyecknii n GBUOXMMUYECKUNIA aHaNIM3bl KPOBH,

(DyHKLl,I/Iﬂ BHELWIHEro AblXaHnA

C-peaKTMBHbI 6esloK, 06LWMIA aHann3 Mouu

. 3anonHeHve onpocHMKa oabliwkn mMMRS
. o nokasaHuam — nccnenosaHne AnePysnoHHom

CNOCOBHOCTY NErKNX 1 Hanpas/eHne Ha Kypc

6apoTtepanuu

London Journal of Research in Computer Science and Technology

Kypc runep6apuueckoi okcureHauum
(10 ceaHcoB, 1.5 aTM., N0 45 MIH)

|

4,

MoBTOpPHbI Npuem Bpaya-nyAbMOHoOMNOra

KoHTponb:
1.
2.
3.

KomnbtoTepHas Tomorpadua rpyaHon KneTku
MynbcokcnmeTpusn

QyHKLMA BHELIHETO AbIXaHWA, B T.U. NCCiefoBaHne
AndodY3NMOHHOM CMOCOBHOCTM NErkmnx
KnuHuyecknin n 6noxnMmyecknin aHanmsbl KpoBwm,
C-peaKTMBHbI 6eNloK, 06LWMIA aHann3 Moyu

. 3anonHeHne onpocHuKa oablwky MMRS

Puc. 1: Cxema MapuipyTa MamyeHTa Ha 3-M 3Tane peabwintanuu nocie COVID-19 (ambOynaTopHas

IIOMOIIIb)
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B  Kamwuispax,

MUKPOIUPKYJISIUN
[TOKA3aJIH BBICOKYIO
0e30macHOCTh JIEUYEHUs] THUIIOKCHH METOJIOM
runiepbapuueckoi  okcureHarmuu  (I'BO) B
TepameBTuye- ckoM pexkume (1,3—1,6 ATA 30—45
muH). ['BO ycnemHo mpuMeHsics y GOJIBHBIX C
HArHOWTEJIbHON MATOJIOTUEH JIeTKuX [12—14], B
KOMILIEKCHOM JIEUeHUH OOJIbHBIX Ty- OEPKYJIe30M
[11] w  xpoHWYECKMMU  OOCTPYKTHBHBIMHU
3a001eBaHUSIMHA  JIETKUX [14]. Y  OOJIBHBIX
HaOJII0/Ia/TNCh YJTydllleHne O0Iero caMouyBCTBHA,

CBA3aHHOE C HapylleHUeM
[11]. HccnenoBanus
3¢ peKTUBHOCTD u

HOpMa/ii3a- 1IUA CHa, yYMEHBbIIEHUE O/bIIIKU,
IIOBBIIIIEHHE IIEpEHOCUMOCTH (I)HBquCKOﬁ
Harpy3kKm, 4To CII0cOOCTBOBAJIO N2 A811(S)58%810)

KayecTBa WX KU3HU U COIUAJIBHOU ajjam- Taluu
[14]. U. B. Beszenkos [15] u II. H. CaBuios [16]
OOBACHAIOT 3TO OwuosornueckuM 3dddexkTom
TUIIEPOKCUH, B OCHOBE KOTOPOTO JIEKUT (POPMUP-

OBaHHE HOBBIX (bYHKI_II/IOHaIIbeIX CHCTEM,
IIOBBINIAOIINX CaHOTEeHHBIN II0TEeHII AT
opranusma B YCIO0BUAX CBE€PXHACBIIICHUA

opranusma kuciopoaom [17]. II. H. CaBuios
CUMTA- €T BO3MOXKHBIM BKJItouaTh I'BO B Tepamnmio
60spHBIX COVID-19-accOnMUpPOBAaHHON ITHEBMO-
HUEell He TOJIbKO KaK CpPEACTBO YCTPAHEHUs
TUIIOKCEMUU, HO M KaK aZallTOTeHHbIN PETYJIATOD
MeTaboINUeCKuX IMPOIEeCCOB, IPOTEKAIOIUX B
OosibHOM opraHu3me [11]. JleyeHwme MeTOAOM
runepbaprueckodl OKCHUTeHAllUM CIIOCOOCTBYET
YMEHBIIIEHUIO  BOCIIAJIMTEJBHBIX  IIPOIIECCOB,
YBEJIMUHMBAET MapIaJbHOE JaBJIeHNe KHUCI0POo/ia
B IUla3Me  KPOBH U BOCCTaHABJIMBAET
KHUCJIODOAHBIA OajlaHC B TKaHAX OPTraHU3MA,
yMeHbIIaer  obOpa3oBaHme  mHeBMopUOpoO3a
[18—20]. bBaporepamms mOBBIIIAET IE€PEHOCU-
MOCTh (PUBUUECKUX HATPY30K U WHTEHCHUBHOCTH
TPEHUPOBOK.

C y4eToM BBIIIEN3JI0KEHHOTO, 3agaven
HACTOSIIEr0 HCCIAeA0BaHUS OBLIO IpOaHAJIHM3-
HUPOBaTh 3¢ peKTUBHOCTD MIPEJIJIO}KEHHOTO
aJifOpUTMa  peadWIMTAlUd  IAI[UEHTOB  C
IIOCTKOBUJIHBIM  CHHIPOMOM ¥  IIEJIec000-
pa3HOCTh JOTOJIHUTEbHOTO BkJIIOUueHusi 'O B
KOMIUIEKCHBI  IUITaH  peabWIuTaluu  3TUX
0O0JIbHBIX.

. 2OOEKTUBHOCTb AJITOPUTMA
PEABJTNTALNIA

Jlna pelleHus: yKa3aHHOW 3a7laull HaMU ObLI
MPOBEIEH aHAJIM3  Pe3yJIbTaTOB  IYJIBMOHO-
JIOTUYECKOU peabwiuranmuu 98 MaIlUeHTOB,
obcefioBaHWe U JIeYeHHE KOTOPBIX COOTBETCT-
BOBJIO IIPUBEJIEHHON BbIlle OJioK-cxeme. Cpeni-
HHUH BO3pACT MAI[UEHTOB COCTaBWII 56,9 (11,3) JIeT.
O06- ciemoBaHo 45 (45,9%) My»x4uuH u 53 (54,1%)
JKEHIIUHBI.

Bcem mamueHTaM OLEHUBAIW KJIMHUYECKUH
CTaTyC U BBIPAXKEHHOCTb OFBIIIKH, BBITIOJTHSIN
MyJIbCOKCHMe-TpHUI0 (IToKazaTesu KoJiebasuch B
npesiesiax HOPMaJIb-HBIX 3HAaUY€HUU — OT 95 /10
98%), ompenensiu ypoBenb CPB B aHamuze
KpoBu (cpemHee 3HaueHWe 7,5), U3MeEpsIU
(yHKIIMIO BHENIHEro JbIXaHUA (MCXOMHO W B
pobe ¢ OPOHXOJUTUKOM), BBITIOJHSAIN DJIEKTPO-
kapauorpaduio U KOMIIBIOTEPHYIO TOMOTrpaduio
(KT) I'PY/IHOUKJIETKH. Kypc  myspmoHO-
JIOTUYECKOU  peabmauTanuy  IMPOBOJAWJICA B
TedeHWe 21 [IHA ¢ BKIIOYAT CJeAyIolue
MPOIEAYPhI: 3aHATUA JiedeOHOU (U3KYJIBTypOr
(e;xe- OHEBHO TO 45 MUH), (GUBHOTE-
pameBTUUYECKHE  TPOIEAYPbl  (CBEPXBBICOKO-
YaCTOTHOE 3JIEKTPOMArHUTHOE II0JIe, HHU3KOYa-
CTOTHYI0 MATHHUTOTEPAITNIO, BBICOKOUYACTOTHYIO
UMIYJIbCHYI0 MarHUTOTEPAINIO, 3JeKTpodopes
JIleKapCTBeHHbIX  npenaparoB, CMTrepanuio
(cuHyCOMTATPHO MOYJIMPOBAHHBINA TOK), MacCa)k
TPYAHOW KJIETKH), HHTAJSIUOHHYIO TepaIuio
(meOynatizepHoe  BBeJleHHE  JIEKAPCTBEHHBIX
CPECTB, TAJIOUHTAJIAIINN).

Bce uccienoBanua BBINOJIHAINCH B JUHAMUKE JI0
Hauvasia ¥ 110 3aBEPIIEHNH YKa3aHHOTO aJITOPUTMa
ITyJIbMO- HOJIOTHYECKOH peaOuTUTaIIHH.

JlonosTHUTENbHO — JlecATUAHEBHBIN Kypc I'BO
MMOJIYYUIU 40 TNalydeHTOB W3 aHaJIU3UPyeMOU
HaMu Tpynnbl  (n=98) ¢ coxpaHSABIIUMUCS
MPOABJIEHUAMU IMOCTKO- BUJHOTO CUHIPOMa.

IIpomoKUTEIBHOCTD IIPOLEAYPHI COCTaBUIIA 45
MUH; JaBJIeHue, co3/jlaBaeMoe B kamepe, — 1,5—1,7
ATA. Tpynmy cpaBHeHUs COCTaBWId 58
MAIIUEeHTOB, KOTOPBIM JIOTIOJIHUTEJIBHBIM KypC
I'BO ©He mnpooawica. [HomosHutenbHo audg-
Y3UOHHYIO CIIOCOOHOCTB JIETKUX JI0 U Yepe3 MecsI]
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II0 3aBeplle- HHUM Kypca peabWIUTallU
ompenesnsiin 28 manueHTaM (M3 HHX 14,
NoJtyduBIIUM Kypc jiedeHus ['BO, u 14 u3 rpynnsl
CpaBHEHWUA).

OmnucaresbHas CTATUCTHUKA JIJI KOJIMYECTBEHHBIX
JIAaHHBIX TIPUBOAWJIACH B BHJIE CPETHETO U
CTaHAPTHO- TO oOTkJIoHeHUs M (SD), mnsa
KAueCcTBEHHBIX — B BHJE KOJIMUECTBA W JIOJIHU
(IIpOIIEHTOB) BXOXKJIEHUSI JAHHOTO 3HAYEHUSA B
BBIOOPKY. [IpoBepKa rUIIOTe3 O Pa3TUUHAX MEKIY
BBIOOpPKAMU MPOBOJWJIACH IIPU IOMOIIM ITapHO-
ro 1 HenapHoro kputepus CTbIOZIeHTa.

BribopouHbIe pacrpeneseHus s KOJTUYECTB-
€HHBIX IIOKaszaTejieli OBLJIM COIVIACOBAHBI C
HOpMaJIbHbIM pacmnpeneneHneM, MpoBepKa
MpOBOAWJIACH TPH TMOMOIMU Kpurtepus Koui-
MoropoBa—CMHUPHOBa. s Ka4yeCTBEHHBIX
IIoOKas3areJyiell MPOBEPKa TUIIOTE3 OCYIIECTBIISIACh
IIPY TIOMOIIY KPHU- TEPUS XU-KBapaT.

Kputnueckuii  ypoBeHb  3HAYUMOCTU
IIPOBEPKe TUII0Te3 IPUHUMAIN PaBHBIM 0,05.

npu

ITpoBeieHHBIE UCCIEOBAHUS OKA3AJIH, UYTO II0-
JIOBUHA TAIMEHTOB TPEIBABISIN Kaja00bl Ha
Kaleyab: B 32 (65,3%) ciaydasx — CyXoi, B 17

(34,7)% — c or- pemeHueM MOKpPOTHL. Cpemu
OOJIbHBIX, MPUHATHIX Ha pe- abHIUTAIOHHOE
JeueHue, 86,7% oOTMedasin OJBIINIKYy IPU

HeOOJTBIION (DU3NYECKOU HArpy3Ke, U CBA3AHHYIO
C HeHd HU3KYI0 TOJIEPAHTHOCTh K (DU3UUYECKUM
Harpys- KaMm, ¢J1a60cTh U OBICTPYIO yTOMJISIEMOCTD.

BosibHBIE ¢ OJBIIIKOM IpU  3allOJIHEHUU
MO PUITTPOBAHHOTO OIIPOCHUKA mMRS
(ormeHka TSAKECTH OJIBITITKH) 3HA4YU-MO

OTJIMYAJIUCh OT TalUueHTOB 0e3 opfblmKu (p
<0,001).

B Tabs. 1 obparaer BHUMaHUE, UYTO OABIIIKA (U,
COOTBETCTBEHHO, 0o0Jilee  BBICOKOE 3HaYeHHe
mMRS) wdwame Oecrmokowsa JIMIl  CTapIei
BO3pacTHOU rpynnel (p <0,001) U OGOJBHBIX C
6osibIIM 06beMOM TopakeHus Jyierkux 1mo KT (p
<0,001). Cpenmunee 3HaueHme mMMRS y Bcei
TPYIINbl  TAIMeHTOB O Hayaja JIeYeHHUs
cOCTaBUJIO 2,7 baJjiia.

HOHOJIHHTE]IBHI)I?I dHaJIM3 PACIIPOCTPAHEHHOCTHU
IIOpa>KeHuAd JIETOYHOH TKaHU y OOJIBHBIX C

ITOCTKOBU/IHBIM ~ CHH/I[DOMOM, BKJIIOUEHHBIX B
HaCTOsIIee HCCIeNOBaHUe, IIOKa3ajl, 4To OoJiee
ITOJIOBUHBI TIEPEHEC/IH CPETHETS’KEJIOe TeUeHUe
ITHEBMOHHH C MOPa’KEHUEM JIETOYHOW TKAaHU II0
KT or 25 mo 50% (KT-2). ¥ 1/4 manueHTOB
3a00j1eBaHME IIPOTEKAJIO TSKEJIO C OOJIBIIUM
oobemom mopaxkenusa (KT-3), u aumb y 8%
OOJBHBIX HMMEJI0O MECTO JIETKOEe TeueHUe
3abosesanus (KT-1); Tabir. 2.

[To 3aBeprieHun Kypca peabuinTanuu Oblia

oTMeUdeHa CY6’beKTI/IBHaH u 00beKTUBHAS
IIOJIOKUTEJIbHAaA JAUHaMHKa: y IIOJIOBHMHBI
IIalTUEHTOB nucyues HIn 3Ha4YHu- TEJIbHO

YMEHBIIJICA Kalllesib, 0ojiee yeM y 1/3 GOJbHBIX
rcyes3sia OABIINIKA, & CPEeJHUN WHJEKC OJIBIIIKU
yMeHBbIIWICA B 1,4 pasa (c 2,67 10 1,92 6ana);
puc. 2.

ITosoBUHE MMaIeHTOB rocJjie Kypca
peabuauTanuu ObLJIa BBIIOJHEHA KOHTPOJIbHAs
KT nerxkux. 9to ObLIM OOJBHBIE C O00BEMOM
MOpakeHus JIETOYHOU TKaHU Oostee 50% (cpemHee
3HaueHne 56,3+5,4%). Y Bcex OOJBbHBIX HMeJa
MECTO  TIOJIOKUTEJIbHAs  PEHTTeHOJIOTHYECKast
JUHAMWKA, YMEHBIIWINCh O0bEM U HHTEHCHU-
BHOCTh JIETOYHOrO ToOpakeHuss (p <0,001).
OTMeuayioch TakKe IIOBBINIEHHEe abCOJIIOTHBIX
3HaUYeHUH (PyHKIIHOHATb-
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Tabauya 1: BeIpak€HHOCTD OZBIIIKY (MCXOAHbIE 3HAUEHUS )

OpiplilIKa MPUCYTCTBOBAIA 85(87) 59,0+10,1 45,8+10,1
Onpocauk MMRS (cpenHee 3HaueHuUe) 2,86

OppIITKa OTCYyTCTBOBAJIA 13 (13) | 43,0+8,6 | 27,0+7,1

Omnpocunk MMRS (cpentee 3HaueHue) 1,46

BCET'O 98 | 56,9+11,3 | 43,4+11,5
Omnpocark MMRS (cpenHee 3Ha4eHNe BCel IPYIIITBD) 2,7

Tabauya 2: TlopakeHue JIETOYHOUN TKaHU (MCXO/IHbIe 3HAUEHMU)

KT-1(20-25) 22 8
KT-2 (26—50) 40,3 64
KT-3 (51-75) 57,7 26

Bcero 434 98

HBIX MMOKasaTesjed BHelmHero apixanus (O®PB, m ¢dusmyeckod Harpyske U paclIpoCTPaHEHHbBIE
u3MeHeHus Jierkux mo KT. Jisa

®XEJI B cpemHeM Ha 10%), yiydllleHUe
MPOIIECCOB  PENOJIAPU3AIMA HA 3JIEKTPOKap-
AUOoTpaMMe, CHIDKeHHe  KoHIeHTparmuu C-
peakTUBHOTO Oesika B 1,2 pasa (puc. 3).

OnHako y 40 MalUeHTOB 110 3aBEPIIIEHUH TPEXHE-

JIeJIBHOTO Kypca peabMIuTaluu COXPAHSAIUCH

¢1a00CTh, OJBIIIIKA, HU3Kas TOJIEPAHTHOCTh K
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Puc. 3: JluHaMuKa pe3yJIbTaTOB 00CIeIOBaHUS TAIIUEHTOB JI0 U IIOCJIe peabIuTaIni

JaJIbHEHIIIero JIedeHUs1 OSTH IallueHThl ObLIN
HaIpaBJIeHbI B IIeHTP okcureHobaporepanuu CII6
I'BY3 «I'KJIl N° 1», rme um ObLUT TPOBEZEH
JeCATUAHEBHBIN Kypc T'BO. IIpo-
JIOJDKUTEJIBHOCTh  MPOIEAYPhl  COCTAaBJIsLIA 45
MHH; JaB- JIEeHWe, CO3/1aBaeMoe B Kamepe, —
1,5—1,7 ATA.

ITo 3aBepiieHUn Kypca 6apoTepanuy Bee marueH-
THl OTMeYaJId CyIIECTBEHHOE YMEHbBIIIeHUe
cnaboctu (p <0,001) w oxabimku (p <0,001),
JIYUIITyO TIEPEHOCH- MOCTh (PU3UUECKUX HATPY30K.
[IpakTUuecku y Bcex OOJIBHBIX HCYe3 Kalleab (p
<0,010); pHC. 4.

IloxasaTtespHa JWHAMHWKA W3MEHEHUH IIIKaJIbl
oppiikn  MMRS  (tabs. 3). Ecam BHauaie

100 (=40
80
60
40
20
0

Kawenb

[ Lo (%)

OpbiwKa

peadbuIUTAIIMOHHOTO Jie- YeHUS OZbIIIKA pa3HOM
CTENEHN BBIDAXKEHHOCTH (OT Jier- KOW IIpHU
OBICTPOH XOAKOE WM TOabEME Ha HeOOJIBIIoe
BO3BBIIIIEHHE O TSOKEJIOH, 3acTaBJIAIONIEer
0OJIBHOTO Jie- JIaTh OCTAHOBKH Uepe3 HECKOJIbKO
MHHYT X0JIbOBI 110 POB-

Tabauya 3 JuHaMHKA KA oAbk mMMRS

Vcxomnoe sHauenue (n=98) 2,7

{
[Tocne peabunuraunn (n=98) 2,35
{ {
1,15 1,60
I[TocteI'BO  besI'bBO
(n=40) (n=58)

100

CnabocTb

[ Mocne (%)

Puc. 4: lnHaMuKa Kayto0 MaueHToB /10 U MOocJIe Kypca TUIepObapuIecKoi OKCUTEeHAIINT
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HOH MECTHOCTH) OeCIIOKOMJIa BCEeX IaIlMeHTOB, U
cpena- HuU mokasaresb MMRS cocraBisn 2,7
b6amma, TO TOCTAe Kypca peabWIMTAallUd  OH
cHU3WICA Ha 13% — 2,35 bawta (p <0,001). B
rpyIe NalyueHTOB, TOJYYUBIIUX JIEUeHUE B
OapokaMepe, HHEKC OJIBIIIKH CHHU3WJICS €Ille
BJIBoe (p <0,001), a y 9 U3 HUX OJIbIIIIKA HCUYe3Jia
IIOJTHOCTBI0. Y OOJIbHBIX TPYHIIBI CpPaBHEHUS
OJIBIIIIKA TAK’Ke CTajla Me- Hee BhIPayKEHHOU, HO B
MEHBIIIEH CTEIIeHH.

Yepes MecAn Iocae  3aBepIIeHUs  Kypca
IyJIbMOHO- JIOTHYECKOH peabWIuTalliid BCEM
manuenTaM Oblia BbI- MMOJIHEHA KOHTpoJbHas KT
gerkux (tabi. 4).

JlanHble TabJI. 4 CBUIETEIBCTBYIOT, YTO B IIEJIOM
pacrpo- CTPaHEHHOCTb IOPaKEHWS JIETOUHOU
TKaHH 4Yepe3 2 Mec JieUeHUs] YMEHbBIIIHIach IIOUTH
BsiBoe (¢ 43,4 10 24,3%), p <0,001. OmHAKO
MaIlUeHThl, IMOJYYUBINNE 10-AHEBHBIH  KypC
JledeHUss B Oapokamepe, H3HAYAJIBHO WMeEJIH
boJiee TsKeI0e Tedenne 3a001eBaHmA U OOJIbIITHI
00beM TO- paskeHHWs JieroyHou TkaHu 1o KT
(54,4%), yem 0O0JIb- HbBIE TPYIIIBI CPAaBHEHHUS

(35,9%); p <0,001. Yoaydienue
peHTreHosiorndyecko KaptuHel 1o KT vy
MMaIMeHTOB, II0- JIYYHUBIIUX IIOC/Ie0BATEIbHO

KypChl IIyJIbMOHOJIOTHUECKOH peabuIuTaluu |
rurepbapuueckod OKCHUTeHaIuu, ObLIo Oosee
3HAYMMBIM, YeM 3a TO K€ BpeMs y OOJIbHBIX,
MOJIyYUBIINX TOJBKO peabwIuTanuo, — Ha
30,0+6,3 1 11,747,5% COOTBETCTBEHHO, P <0,001.

Anammm3 KT B rpymnme manmeHTOB, MOJIyYHBIINX
IO0- CJIeJIOBaTeJIbHO o00a MeToma  JIeYeHWs,
CBU/IETEILCTBY- er 00 YMEHBIIIeHUHN
pacIpoCTpAaHEHHOCTH W3MEHEHWH B JIETOYHOU
TKaHU  T[IOCJie  IyJIbMOHOJIOTUYECKOU  pea-
Ownuranymu Ha 15,2+6,1% (p <0,001) W Ha
11,9+8,7% (p <0,001) TmoOcCIe TOCIAEAYIOMEn
O6aporepanuy, 06a M3- MEHEHUSA CTAaTHUCTUYECKU
3HAYUMEI (P <0,001).

Ananus JICJI, BBIIIOJIHEHHBIN B AuHaMuke (0 u
Yye- pe3 MecHI] Mocjie Kypca peabwimranuu) 28
MaryeHTaM Iocjae KOPOHABUPYCHOU ITHEBMOHHUU
(14 mosyuwnu je- yeHne B Oapokamepe U 14 U3
IPYIIIBI CPABHEHUA), IPEJI- CTaBJIEH B Ta0I. 5.

Takum oO6pa3om, y marueHToB, mpomeamux 'O,
nuddy3noHHaA CIIOCOOHOCTH JIETKUX
yBesnumiach Ha 16,2%, KOrja Kak B TIpyIIle
cpaBHeHUs HaOJI0ZaI0Ch HEOOJIBIIOE CHIKEHHE
JCJI (ua 0,76%).

ITanmueHTHI oTMedaan CyILIeCTBEHHOE
YMEHBIIIEHUE OIMYIIeHUH C1abOCTH W OMBIIIKH,
3HAYUTEJILHO JIYYIITYIO IIePEHOCHUMOCTD
(pu3myecKkux Harpy3oK.

HexenaTenbHBIX  SBJIEHUHA U  CEepbe3HbBIX

HeXKeJjlaTeb- HbBIX SBJIEHUU IIpu IIpOBE€JEHUU
I'bO Hamu He 3aperu- CTPUPOBAHO.

V. 3AKJTIOHEHUE

[TpoBeneHne peabuinTAIUM, BKJIIOYAIOIIENR B
cebs ZbI- XaTeJIbHbIe yIpaKHEHUs,
UHTUIANNOHHYI0 HeOysnaWsep- Hyo, GU3HO- U
TIOTEPANINIO, y  IMAIUEeHTOB, IEPEHeCHINX
COVID-HEBMOHUIO, YMEHbIIIAeT MPOSBJIEHUA U
CTeleHb BBIPAYKEHHOCTH OCTATOYHBIX U3MeHEeHUH
3ab0JIeBaHUA.

ITpoBenenue 6apoTtepanuu Ha arare
peabuiuTanUu y 3TUX HAnUeHTOB 3G@EeKTUBHO
JUIsl  YMEHBbIIeHUs BBIPAKEHHOCTH  OJIBIIIKH,

VIIydIIIEHUST IIEPEHOCUMOCTH dbusznyeckux
HArpy30K U IPYTUX MPOSBJIEHU IIOCTKO- BUTHOTO
CUHApOMA, crocobcTByeT 06Oojiee  OBICTPOMY

pa3peli€eHUuI0 MHTEPCTUIIHAJIbHBIX U3MEeHEHUH B
JIETKHUX.
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Tabauya 4: JJuHaMUKa ©3MEHEHUH 110 pe3yIbTaTaM KOMIIBIOTEPHOU ToMorpaduu mocse Kypca
peabuyINTaIUY C UCII0JIh30BAaHUEM TUIepOapUUecKOr OKCUTEHAI[UH

IToparkeHue JjieTKuX, cpe/iHIE
3Ha4YeHus:, %

Bcero (n=98) 43,4+11,5 - 24,3+7,4
[Momyuwtu I'BO (n=40) 54,4+6,1 41,0+6,1 24,4+7,0
Be3 I'BO (n=58) 35,9+7,6 He BrIIIOTHAIACH 24,2+7,8

ITpumeuanue. 'GO — 2unepbapuveckas oKkcuseHayus

Tabauya 5 IlnHaMuKa u3MeHeHnH qudGy3nOHHON CIIOCOOHOCTH JIETKUX B TPYIIIAX TUIIEpOapUUIECKOM
OKCHUT€HAIlUU U CPaBHEHU

ITosyunnu kype I'BO 14

DLCO, M1/ MUH/MM PT.CT.
84 97,6

I'pynna cpaBHEHUA 14

78,8 78,2

Ilpumeuanue. T'BO — runepbapuueckas oxkcureHamnus; DLCO (Diffusing Capacity Of The Lungs For
Carbon Monoxide) — meroz uccienoBanus GyHKIIHHU JETKUX, TTO3BOJISIONINN KOJTUYECTBEHHO OIIEHUTH
npornecc aud@y3un ra3oB dYepe3 aJabBEOJIAPHO-KANWUIAPHAs MeMOpaHy, wWin 3(p(eKTUBHOCTD

TPpaHCIIOPTAa KHUCJIOPOJAa U3 aJIbBEOJI B KDOBOTOK.

CoBMeCTHOe TOC/IeI0BATEIbHOE HCIOJIb30BAHUE
JlaH- HBIX METOJZI0OB peabuauTaluu HMeeT
JIONIOJTHUTEJIBHOE IIOJIOKUTEIbHOE BIJIMSAHUE Ha
pecnrpaTopHyIo CUCTEMY MaIUeHTOB,
neperecminx COVID-19, u  MoxkeT OBITh
PEKOMEH/IOBAHO K IPUMEHEHUI0 B PYTHUHHOH
MpakTUKe Ha 3-M aMOyJIaTOPHOM  3Tare
peabwuTaI.
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ABSTRACT

More and more chromosomal and metabolic
abnormalities are now known to cause cancer,
which 1is typically fatal. Anybody component
may become infected by tumor cells, which can
be fatal. One of the most prevalent types of
cancer is skin cancer, and its prevalence is rising
around the globe. Early diagnosis and
delineation of the lesion margins are crucial for
precise malignant region identification and
clinical treatment of skin lesions. Skin cancer
incidence is greater than average, particularly
melanoma, which is more dangerous because of
its high rate of metastasis.

Therefore, early detection 1is essential for
treating it before malignancy develops. The
analysis and segmentation of lesion boundaries
from dermoscopic images is done in order to
solve this issue. A variety of techniques have been
utilised, from textural assessment of the
photographs to visual assessment of the images.

However, due to the sensitivity involved in
surgical interventions or drug distribution, the
accuracy of these techniques is poor for real
clinical therapy. This offers a chance to create an
automatic system that is accurate enough to be
applied in a clinical environment. Epithelial
tissue and basal cell carcinomas, as well as
melanoma, which is medically severe and causes
the majority of deaths, are the main subtypes of
skin cancer.

Monitoring for skin cancer is therefore essential.
Machine learning is one of the greatest ways to
quickly and precisely identify skin cancer. To use
the ISIC2018 database, the convolution neural

© 2022 London Journals Press

network (CNN) deep learning technique was
employed in this study to identify the two main
categories of tumors, malignant and benign.

Skin lesions, comprising benign and malignant
tumors, are included in this database. The
images were initially enhanced and edited using
ESRGAN. The pre- processing stage involved
resizing, normalizing, and augmenting the
images. Using a CNN approach, skin lesion
images might be categorized based on an
accumulation of data collected after numerous
repetitions. The experimental results show that
the proposed methodology performance is better
than existing methodologies.

Keywords: skin cancer, convolutional neural
network, deep learning, dermoscopic image,

ISIC2018 dataset.

| INTRODUCTION

Tumor is the unregulated growth of tissues in a
particular body part. It appears that skin cancer is
one of the global diseases that spreads the fastest.

Skin cancer is a condition in which uncontrolled
development of abnormal skin cells occurs. Early
identification and precise diagnosis are crucial for
determining viable cancer therapy. The most
common cause of skin cancer-related mortality in
industrialized nations is melanoma, the deadly
type of skin cancer. Squamous cell carcinoma,
squamous cell, Merkel cell cancer, dermato-
fibroma, microvascular, and benign pathology are
the main kinds of melanoma [1].

Skin cancer is among the most lethal forms of
cancer worldwide, and it is causing an increasing
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number of fatalities every day. It is also one of the
cancer forms that spreads the fastest. However, if
it is discovered in its early stages, therapy is
doable [2]. Recent figures show that 20% of skin
cancer cases progressed to the point where
survival is impossible as a result of the illness.

Skin cancer is responsible for 50,000 deaths
worldwide annually, or 0.7 of all cancer-related
fatalities. Around USD 30 million is the
anticipated cost of the procedure, which is
prohibitive. Early skin cancer detection is
essential to ensuring a benign course and lower
mortality rates, however reliable cancer detection
frequently relies on screening mammography
with  insufficient  sensitivity, = which s
subsequently confirmed by clinical samples [3].

The use of this method for cancer detection and
treatment response assessments is typically
inappropriate. Artificial intelligence (AI) for
diagnostic purposes is being used by a growing
number of healthcare professionals to enhance
and speed up the medical decision-making
process [4]. However, the accurate analysis and
adequate presentation of projected defects have
been completely or mostly overlooked by

presently offered AI research for clinical
diagnosis, despite some recent signs of
advancement in this arena. The scientific

community has given computer-aided technology
for the diagnostics interpretation of medical
pictures a lot of attention [5]. These are effectively
created and altered for the objectives of, among
others, classifying and segmenting the area of
interest (AOI), which in this case includes
malignant spots. It goes without saying that early
diagnosis and delineation of lesion borders are
essential for the successful chemotherapy of
cancer, particularly in the initial stages while the
disease is still developing [6]. Each year, 9.6
million people die from cancer related causes and
almost 17 million individuals are impacted by the
disease. As a result, cancer is now the top cause of
mortality globally. In the instance of skin cancer,
it arises or develops in the epidermal cells and is
one of the most common kinds of the illness in
both children and adults. For the purpose of
detecting cancer boundaries from dermoscopic
pictures, many computer-aided methods have

been created [7]. Due to its high probability of
metastasis, carcinoma is not only the most
common and lethal kind of skin cancer, it is also
highly severe and destructive. The aggressive skin
cancer known as melanoma arises from the
uneven proliferation of melanocytes, which are
colored skin cells. It can appear anywhere on the
skin's epithelial tissue and is perhaps able to
spread from the initial location of the malignancy
to the chest and back. It has the highest fatality
rate of any kind of skin cancer and its prevalence
rate has increased by up to 4-6% yearly. Timely
diagnosis is crucial since it raises the chance of
survival for five years by up to 98%.

Given the information provided above on the
prevalence and death rate of melanoma, early
detection is even more important for those who
are afflicted to receive appropriate care. There are
two streams of techniques for the identification
and fragmentation of lesion boundaries [8]: first,
common methods that typically rely on the
clinician's visual inspection; and second,
semi-automated and done by machines methods
that primarily use argument intensity values
operations, pixel cluster - based techniques, level
set strategies, deformable modeling techniques,
deep-learning based techniques, etc.However,
due to the inherent limits of the approaches and
the shifting characteristics of dermoscopic
pictures brought on by fluorescence emission and
luminance in homogeneities, the majority of the
techniques applied today are not moderately.

Because of this, more advanced techniques have
become popular, like convolutional neural
networks (CNNs). In this study, we aim to use
CNN-based model topologies and attributes to
the delimitation and segmentation of skin lesion
boundaries. Additionally, we add our original
innovation—image inpainting—to the already
existing approaches that significantly improves
segmentation results. Image inpainting is utilised
to eliminate the hair complex working
environment in the dermoscopic images that
would otherwise hinder the design due to
complexity in the images [9], along with other
image  preparation techniques including
morphological procedures. In this study, the
implementation of the suggested preprocessing
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approach is examined as well as the
recommended technique's correctness. By using
data from network accuracy, the Jaccard Index,
the Dice score, and other performance standards
that help us compare, we also compare our
proposed technique to other ones that are
currently in use [10].

Il LITERATURE REVIEW

This section outlines and lays out the pertinent
research that has been done on the topic of
segmenting skin lesions. The latest research that
have used deep-learning techniques for the
mentioned aim of lesion classification are given
further prominence in this process. It is proposed
that correct segmentation and delineation of skin
lesion borders can benefit the physician at the
first stages of diagnosis and detection as well as
later on when classifying the lesion type.

Numerous research have been conducted in order
to segment and characterize skin lesions. For a
basic overview of these investigations, the reader
is referred to the following two works by Oliveira
et al. and Rafael et al. [11]. Following, we evaluate
the literature in relation to two issues (i.e.,
pre-processing and segmentation techniques,
respectively). Both elements fit into the larger
technique discussed in this study since they have
an impact on how the findings (the prediction)
turn out. In order to blend out non- homogeneous
parts, previous pre- processing methods must
also be used since dermoscopic pictures have
varied degrees of complexity and include different
levels of textural, intensity, and feature
inhomogeneity. The poor luminance and chaos in
the photos make it difficult for investigators to
segment skin conditions. The accuracy of
fragmentation is impacted by these artifacts.

Celebi et al. [12] suggested a method that
improves picture contrast by looking for ideal
weights for transforming RGB photos into
grayscale by maximizing Otsu's histogram
bimodality metric. This method would produce
superior results. While Beuren et al. [13] detailed
the bilinear interpolation that may be performed
to the picture for background subtraction,
improvement led to a better adaptive capacity to

discern between cancer and skin and enabled for
precise resolution of the areas. The colored
morphological filter highlights the lesion, and
linearization is used to simply segment it. A
technique to eliminate hair distortions from
dermoscopic pictures was put out by Lee et al.

[14].

To eliminate hair-like distortions from skin
photographs, a morphological operations-based
method was created. Hair, which is referred to as
noise, can significantly affect segmentation
outcomes when it is removed from skin pictures.

On noisy pictures, a median filter was shown to
be wuseful. Images were smoothed using a
nonlinear filter [15]. For efficient smoothing,
Celebi et al., [16] states that the size of the filter to
be employed must be proportionate to the size of
the picture. Conventional machine learning
techniques are used in the majority of picture
segmentation jobs to extract features. Several key
methods for precise segmentation are explained
in the literature. An overview of a semi-
supervised technique for separating skin lesions
is given by Jaisakthi et al. [17]. For segmentation,
grab-cut methods and K- means clustering are
used. The latter adjusts the lesion's borders when
the former divides the melanoma into smaller
sections using graph cuts. Prior to feeding the
input pictures to the pixel Cclassifier,
pre-processing  methods including image
normalization and noise reduction procedures are
applied. Artificial bee colonies (ABC) were
suggested by Mohanad Aljanabi et al. [18] as a
technique for segmenting cutaneous lesions. The
model is a swarm-based approach with fewer
features that involves pre-processing of the digital
pictures and finding the ideal melanoma
threshold value via which the lesion is segregated
using Otsu thresholding.

This method produces a high Jaccard Index and
specificity. An approach for segmenting pictures
using the Delaunay triangulation method was
proposed by Pennisi et al. [19]. (DTM). The
method uses two different pictures created by
parallel classification methods, which are then
combined to create the final lesion disguise. After
removing artifacts from the pictures, one method
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removes the skin from the images to construct a
segmentation mask of the lesion, while the second
method makes use of Delaunay triangulation to
create the mask. To acquire the identified lesion,
these two are joined. The DTM approach is
quicker than other techniques since it is
computerized and does not need a training phase.

In their brief survey of border detection methods
(such as edge-based, region-based, histogram
thresholding, active contours and clustering, etc.),
M Emre Celebi et al. [34] pay particular attention
to assessment factors and processing concerns.

2.1 Materials and Methods

We used dermoscopic skin pictures from two
publicly available datasets—PH2 and ISIC 2017—

(a)

Additionally, the PH2 dataset, which contains
200 dermoscopic pictures, comprising 40
melanoma, 80 normal nevi, and 80 atypical nevi
images, was used to evaluate our model. We
describe our developed approach and the
outcomes that followed after it was trained and
evaluated on the datasets (details will be provided
later). It is important to note right away that we
presented an approach, also known as the
intersecting over unity overlapping that
outperforms other comparable methods, both in
terms of model correctness and in pixel-by-pixel
clustering algorithm (sometimes also referred to
as the Jaccard Index). We now go on to detail
each portion of the suggested technique, point by
point. Before being used as input by the CNN
model, images are first processed using
procedures including resizing, scaling, hair

to train and test our classification algorithm. The
latter was made available by the "International
Skin Imaging Collaboration" (ISIC). Figure 1
displays illustrations taken from both databases.

In the Lesion Automatic segmentation, which is
the first component of the 2017 ISBI Skin Lesion
Analysis  approaching Melanoma  Specific
diagnostic, we compared our model. We
compared our performance of the model with
cutting-edge pipelines using the ISIC-17 test set,
which consisted of 600 photos.

.

(b)
Figure 1: Examples of the ISIC-17 Dataset (A) and PH2 Dataset (B)

removal, and data centered. Morphological
techniques are used to remove noise. We used the
following pre-processing techniques, and we saw
encouraging results. Prior to feeding photographs
into the neural network, it is a good idea to resize
the images. It enables the model to convolve more
quickly, reducing computing time and addressing
memory limitations. Dermoscopic pictures arrive
in different sizes, therefore to account for these
individual variations, the images and the ground
truths they correspond to are down sampled to
256 256 resolution. The labels for each RBG
picture are in the PNG file format, whereas all of
the RGB images are in the JPEG file format.

Image normalization and standardization: To
eliminate concerns with weak contrast, images
are normalized prior to training. By rescaling the
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picture between 0 and 1, or normalizing the
image's pixel values, the input data is centered on
zero in all dimensions. The picture is normalized
by deducting it from its mean value, which is then
multiplied by the image's standard deviation.

. MODEL ARCHITECTURE

Visual identification and object detection issues
are now being solved using deep learning
systems. For feature extraction, CNN models have
demonstrated superior performance than
semi-automated techniques. The encoder-
decoder-based U-Net architecture has produced
noteworthy outcomes in the segmentation of
medical images. These networks provide binary
classification models as their output. CNN models

(128 0

often consist of a mix of layers (i.e., convolutional,
max pooling, batch normalization, and activation
layer). The usage of Deep learning architectures
in computer aided medical diagnosis is common.

A Convolution layer was developed for this
purpose using the ISIC 2017 dataset. Both U-Net
and ResNet are used as inspiration for the
network design (as illustrated in Figure 3). The
U-Net pipeline serves as the foundation for the
expanding path (deconvolutional side), while the
ResNet framework serves as the foundation for
the training part (convolutional side). The
network has 50 layers overall and operates in an
encoder-decoder mode (ResNet-50). Enter 256 x
256 resolution pictures.
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Figure 2: Schematic Diagram Representing UResNet-50. the ResNet-50 Encoder Is Displayed on the
Left, While the U-Net Decoding Is Displayed on the Right. the Channel Widths of the Receiving
Extracted Features to Each Square Are Provided in the Parentheses

On the expanding side, a max pooling layer with a
kernel of 3 x 3 and a stride of 2 that divides the
input width in half is constructed after the initial
convolutional layer. 3 convolutional layers per
repeating block are inserted; the 1 x 1 convolution
layer is designated before and after each 3 x 3
convolution operation. Prior to the 3 x 3
convolutional layer, the amount of input channels
is decreased, and once more, the 1 x 1 is
established to restore proportions. This so-called
"bottleneck" design shortens the network's
training period. We trained our model for 100
iterations and used data augmentation during
runtime, which improves performance since
additional data increases the reliability of the
algorithm so that it can categorize more

accurately, having a major impact on the
classification outcomes. We tripled the dataset by
rotating the photos in 3 components. In the event
that the model damage does not reduce after 10
epochs, early ending is established, and the
learning rate is decreased. Our model came to an
end after about 70 epochs. Employing pre-trained
weights acquired during training on the ImageNet
dataset, deep learning was used to train the model
on our set of data.

V. RESULTS AND DISCUSSION

The International Skin Imaging Collaboration
ISIC 2017 provided the pictures used to assess
our model. The ISIC 2017 training set, which
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included 2000 photos of skin lesions, served as
the basis for our CNN model's training. This
procedure resulted in a 70-epoch overall training

accuracy of 0.995. Figure 3 highlights how the
training group's accuracy varied from the
validation group's during training.

Accuracy Graph
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Figure 3: Training and Validation Accuracy of the Proposed Convolutional Neural Network Model for
70 Epochs

The validation and test set from the ISIC 2017
dataset were used to test the model. Additionally,
the model was assessed using the PH2 dataset,
which consists of 200 dermoscopic pictures. The
effectiveness of the suggested CNN model could
also be evaluated using the ground facts that were
also accessible. Before being input into the CNN
architecture as shown in Figure 3, all pictures
underwent pre-processing. Accuracy of the
suggested convolutional model of neural
networks for 70 iterations during training and
validation. Convolutional layer characteristics
were specified during the training phase. The
model parameters were left alone throughout the
assessment procedure in order to gauge how well
our model performed given the initial values.

Figure 4 displays the outcomes of several
patients. To assess the effectiveness of binary
classifiers, the receiver operating characteristics
(ROC) curve was utilized. A plot of the true
positive rate (Sensitivity) against the false positive
rate (Specificity) at various thresholds is known
as a ROC. In this study, the lesion area is
segmented, with 1 denoting the lesion region and
0 denoting the black portion of the picture. The
ROC curve is the best evaluation method for
determining class separability. A curve's

individual data points each display values at a
certain threshold.
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Figure 4: Example Results of Various Images

To determine the effectiveness of the hair removal
method, the model was evaluated on the ISIC-17
dataset both with and without pre-processing.

When the inpainting approach was not used to
remove the hair structures from the pictures, a
Jaccard of 0.763 (as shown in Table 4) was
obtained. This value increased significantly to
0.772 with the wuse of the pre-processing
technique. The goal was to more accurately
segregate the lesion locations using this study
than with previous techniques. Our network was
tested against three different sets of images: the
PH2 dataset, the ISIC 2017 test group, and the
ISIC 2017 validation group. There were 150
dermoscopic pictures in the validation group and
600 in the test group. The PH2 dataset, which is a
well-known dataset, was employed to further
assess our network and compare the findings to
those of other competing methods and challenge
members.

V. CONCLUSION

In order to create a computer assisted diagnosis
system for skin cancer, skin lesion segmentation
is a crucial step. In this study, we successfully
created a CNN-based skin lesion segmentation
algorithm that deleted hair structures from the
dermoscopic  pictures, greatly increasing
accuracy. The Jaccard indices we got from the
ISIC-2017 dataset and the PH2 dataset, on which
we evaluated our model architecture, were 0.772
and 0.854, respectively. When compared to

cutting-edge methods in terms of the Jaccard
index, our suggested strategy produced
encouraging results. Additionally, our CNN model
outperformed the existing approaches in the
literature when evaluated on the PH2 dataset and
the ISIC-17 test set. It also yielded superior
segmentation. According to empirical findings,
the U-Net and ResNet combo produces excellent
outcomes. To minimize the model from
imbalanced datasets, the small amount of training
data utilized must be heavily supplemented.
Therefore, a huge dataset is required for the
model to be more accurate and broader.
Additionally, the model was designed to be
complicated and effective in order to produce
state-of-the-art outcomes, which requires more
time to train than the traditional U-Net. In order
to alleviate overfitting issues, we will be
employing a larger dataset in the future. We will
also be hyper- tuning the model parameters. The
developed model can also be improved using a
conditional random field (CRF) approach.
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