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INTRODUCTION

Department of Management and Technical faculty “Mihajlo Pupin” from Zrenjanin have started the
organization of International Symposium Engineering Management and Competitiveness (EMC) in
2011. Since 2013 the organization of the EMC symposium has been supported by the following foreign
partners: Szent Istvan University, Faculty of Economics and Social Sciences, Godollo, Hungary,
Voronezh State University, Faculty of Economics, Voronezh, Russia and University of Montenegro,
Maritime Faculty, Kotor, Montenegro.

The objectives of the Symposium EMC are: presentation of current knowledge and the exchange of
experiences from the field of Engineering management, consideration of development tendencies and
trends in Serbia and the world as well, gathering researchers from this field with the aim of expanding
regional and international cooperation, raising the level of professional and scientific work at
Technical faculty “Mihajlo Pupin” from Zremjanin, expanding cooperation with economic and
educational institutions and encouraging young researchers within this field. Taking into account that
this Symposium is international, the importance of this event is obvious for the town of Zrenjanin,
Banat region, Vojvodina and Serbia. Organization of EMC by the Technical faculty “Mihajlo Pupin”
from Zrenjanin represents this scientific-educational institution as one of the major representatives of
economic and social development in Banat.

Within this Proceedings all accepted papers received for Xl International Symposium Engineering
Management and Competitiveness (EMC 2023) are presented. This year at the symposium we have 36
papers and 2 abstracts. The authors come from 9 countries: Bosnia and Herzegovina, Greece,
Hungary, Iran, North Macedonia, Russia, Slovenia, USA and Serbia. The papers are divided into
seven sessions: Plenary session, Session A: Management and operation management, Session B:
Human resource management, Session C: Marketing management, Session D: Economy, Session E: IT
Management, Session F: Abstracts.

We wish to thank the Technical faculty “Mihajlo Pupin” from Zrenjanin and the dean Prof. Ph.D
Milan Nikoli¢ for their active role concerning the organization of the Symposium. We are also
expressing our gratitude to all authors who have contributed with their papers to the organization of
our thirteenth Symposium EMC.

The EMC Symposiums become a traditional meeting of researchers in June, every year. We are open
and thankful for all useful suggestions which could contribute that the next International Symposium
Engineering Management and Competitiveness become better in an organizational and program
sense.

President of the Programming Committee
Professor Dragan Cockalo, Ph.D.

Zrenjanin, June 2023.
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ASSESSMENT OF PROJECT PROCUREMENT PLANNING

Ali Reza Afshari
Islamic Azad University, Department of Industrial Engineering, Shirvan Branch, Shirvan, Iran
E-mail: afshari@mshdiau.ac.ir
Farideh Sobhanifard
University of Sistan and Baluchestan, Department of Industrial Engineering, Zahedan, Iran

ABSTRACT

Project procurement management is among the ten knowledge areas that a project manager must be familiar with
for a successful implementation of a project work. Depending upon the specific type of project being managed,
over 50 percent of the total project cost can be attributed to parts, supplies and services procured. For many high-
technology projects, this procurement fraction can approach 90 percent. This study is targeted to assess project
procurement practice of Mapna Group Company by addressing the process undergone Procurement planning.
The primary data was collected from a total of 60 respondents from a total population of 198 out of which 60
was approached for answering questions related to planning procurement process. Then the data presented
quantitatively using descriptive statistics with the help of table, frequency and percentage. Accordingly, the
finding of the study reveals the company fail to provide training related to project and project procurement, fail
to arrange pre-proposal visit, not considering suppliers risk management issue as evaluation criteria, week
monitoring system for products arrived at the project site and not gathering suppliers’ performance status report
from concerned stakeholders. Thus, a recommendation has been made under this study on what actions should
be taken in order to improve project procurement management practice of Mapna Group Company.

Key words: Procurement, Project Procurement Management, Procurement Planning, solicitation planning.

INTRODUCTION

Project procurement management is among the ten knowledge areas that a project manager must be
familiar with for a successful implementation of a project work. It is needed to acquire products,
services, and/or results needed for the project. Procurement systems make a difference in project
implementation, while poorly managed project procurement relationships negatively with project
performance. Procurement is the nerve center of performance in every institution which needs a tight
system to be adopted and followed. Many procurement activities suffer from neglect, lack of proper
direction, poor co-ordination, bureaucracy, lack of open competition and transparency, differing levels
of corruption and not having a trained and qualified procurement specialists who are competent to
conduct and manage the procurement process in a professional, timely and cost effective manner.
Week project procurement in Ethiopia resulted from insufficient planning, shortage of funds, and
timely inaccurateness of large procurement (Karlsson, 2011).

Effective procurement is critical for execution of projects successfully. Depending upon the specific
type of project being managed, over 50 percent of the total project cost can be attributed to parts,
supplies, and services procured, and for many high-technology projects, this procurement fraction can
approach 90 percent (Morris & Pinto, 2010). Karlsson (2011), conducted a study to understand project
management in Ethiopia and Sweden which conclude method of procurement management has big
weakness and the lack of adequate planning often causes problems in the production when materials,
machines and parts are delivered too late or not at all in Ethiopia, however, the study was on
construction companies. Seife (2015) was conducted on effective public procurement management
impact in the implementation of successful public project, but the study is on the area of housing
development projects of the country. Another study on project procurement practice conducted on Iran
road maintenance project having an objective to assess the studied project procurement practice.
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The Major gap from the different studies is that they do not cover up each process of the project
procurement. The general question of this study was How does the project procurement planning look
like in Mapna Group Company? The general objective of the study is to describe the practice of
project procurement management in Mapna Group Company. While attempting to achieve the stated
general objective, the study was also specifically tries to examine the project procurement planning
practice in Mapna Group Company. This study will help the company to evaluate its current project
procurement practice. Findings and recommendations also will guide the studied company to
maximize the contribution of its sourcing and program management functions to meet projects
objective. The findings may be of great use to the academia, especially those who may wish to carry
out further research on project procurement.

PROJECT PROCUREMENT MANAGEMENT

Kerzner (2017), Define Procurement as the acquisition of goods and services by involving two parties
customer who is buying and supplier who is selling with different objectives who interact in a given
market segment. Procurement characterized by most often a dynamic and repeated activity with short
term objectives often conflicting with long term ones. Another definition of procurement is
management of a broad range of processes that are associated with an organization desire to obtain the
necessary goods and services needed for manufacturing a product, transforming inputs to outputs, or
indirectly operating the organization. These processes involves identifying and analyzing user
requirements and type of purchase, selecting suppliers, negotiating contracts, acting as liaison between
the supplier and the user, and evaluating and forging strategic alliances with suppliers (Morris &
Pinto, 2010). Its function extends to acquisition of suppliers, pricing, purchasing, and administration of
contracts. It also involves to storage, logistics, inspection, expediting, transportation, and handling of
materials and supplies. According to Laby et al. (2016), a procurement process involves a series of
activities like purchasing, transporting, stoking and supply. Since it is economically difficult for
companies to make all the materials they use, procurement process is used to ensure the buyer receives
goods, services or works at the best possible price, when aspects such as quality, quantity, time, and
location are compared. It is also a practice that can increase corporate profitability by taking advantage
of quantity discounts, minimizing cash flow problems, and seeking out quality suppliers (Kerzner,
2017). Efficient procurement is a core necessity for firms’ profitability as well as survival. But the
problem is that most companies see the procurement process as tactical rather than strategic and as
cost rather than a benefit to the company (Dimitri, Piga, & Spagnolo, 2006).

Project procurement management is one of the ten knowledge areas of project management that
includes the processes necessary to purchase or acquire products, services, or results needed from
outside the project team. Another definition of project procurement management is the processes to
control and administrate contracts and purchase orders from sources external to the project
organization. Project procurement management involves deciding what must be procured, issuing
requests for bids or quotations, selecting suppliers, administering contracts, and closing them when the
job is finished (Karlsson, 2011). PMBOK identifies four processes of project procurement
management namely plan procurement management, conduct procurements, control procurements,
and close procurements. Plan procurement Management is the process of documenting project
procurement decisions, specifying the approach, and identifying potential sellers. While conduct
procurement is the process of obtaining seller responses, selecting a seller, and awarding a contract.
Control procurement is a process of managing procurement relations, monitoring contract
performance, and making changes and corrections to contracts as appropriate. Finally, close
procurement process is about completing each procurement. Wysocki (2011) identified six phases of
project procurement management namely procurement planning, solicitation planning, solicitation,
source selection, contract administration and contract closeout.

Plan Procurement Management is the process of documenting project procurement decisions,
specifying the approach, and identifying potential sellers. Care need to be taken at this stage since



EMC 2023, 16-17th June 2023, Zrenjanin, Serbia

other activities of the project procurement implementation decisions emanates from its planning
document. The purpose of project procurement plan is to determine whether to acquire outside
support, and if so, it determine what to acquire, how to acquire it, how much is needed, and when to
acquire it. Morris et.al (2010) sates procurement planning used to identify factors in the decision,
make or buy analysis and contract type selection of the project procurement. According to Laby et.al
(2016), Project procurement planning identifies the items that are needed to procure, define the
process for acquiring those items and finally schedule the time. Procurement plan use project
management plan, requirements documentation, risk register, activity cost estimates, stakeholder
register, enterprise environmental factors, and organizational process asset as an input. Using make or
buy analysis, expert judgement, market research and meeting as technique and tool to produce an
output of procurement management plan, procurement statement of work, procurement documents,
source selection criteria, make-or-buy decisions, change requests and project documents updates.
Procurement plan includes defining the need for the project, development of the procurement
statement of work, specifications and work breakdown structure, performing a make or buy analysis,
laying out the major milestones and the timing/schedule, determining if long lead procurement is
necessary, cost estimating including life-cycle costing, determining whether qualified sellers exist,
identifying the source selection criteria, preparing a listing of possible project/procurement risks (i.e.,
a risk register), developing a procurement plan and obtaining authorization and approval to proceed
(Kerzner, 2017). The plan required to define items to be procured with justification statements and
timelines, type of contract to be used, risks associated with procurement management, how
procurement risks will be mitigated, determining costs and if/how they’re used as evaluation criteria,
any standardized procurement templates or documents to be used, how multiple suppliers will be
managed if applicable, contract approval process, decision criteria, establishing contract deliverables
and deadlines, how procurement and contracts are coordinated with project scope, budget, and
schedule, any constraints pertaining to procurement, direction to sellers on baseline requirements such
as contract schedules and work breakdown structures (WBSSs), vendor management, identification of
any prequalified sellers if applicable and performance metrics for procurement activities. Procurement
management plan sets the procurement framework for the project that will serve as a guide for
managing procurement throughout the life of the project and updated will be possible as acquisition
needs change (Kovécs, 2011).

RESEARCH METHODOLOGY

The study apply descriptive research design since it attempts to assess the practice of project
procurement management in Mapna Group Company. Descriptive design helps to present a picture of
the specific detail of a situation and describing the characteristics of a particular situation (Neuman,
2007). Since the research purpose was to describe a particular phenomenon at a single point in time it
was a cross-sectional study. The target population used to answer for the planning procurement phase
of the study includes 50 staff members who are participated in the planning phase.

The study applied non-probability sampling. It is useful for certain studies that require the researcher
to collect the data from particular individuals that have knowhow about the studied situation. It
enables the researcher to choose sample of participants that are necessarily sufficient for the study.
The sampling type applied in the study was purposive sampling. It is useful when focusing on a
limited number of informants, whom we select strategically so that their in-depth information give
optimal insight into an issue. Such type of sampling is appropriate when a researcher use it to select
unique cases that are especially informative, and when it wants to identify particular types of cases for
in-depth investigation. The researcher found it appropriate due to the total population for this study
involves in procurement activities for a project directly having assignment letter and indirectly on
temporary base besides with their operational responsibility. 60 of the respondents was approached to
collect data about the planning process practice of project procurement. In order to get appropriate
data, the study uses both primary and secondary sources of data. Primary sources of data include
questionnaire and semi-structured interview to supply firsthand information from sample respondents
based on the review of related literature important to the subject of the study. The reviewed literature
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was made to develop an insight on procurement management practice within the process related with
projects. Thus, interview and questionnaires was designed focusing on the practice of project
procurement management and its process. The secondary sources of data emanates from the company
policy and procedure documents, project management working manual, reports, process templates and
magazines. In addition relevant books, journals and empirical research also used.

The data collected was analyzed using both gquantitative and qualitative methods. The data obtained
from close ended questionnaire was analyzed using SPSS version 20.00 software which helps to make
descriptive analysis of the gathered data to present quantitatively using frequency and percentage.
While the semi structured interview made was analyzed by organizing the common ideas and concepts
of the response into a generalizable format.

RESULTS AND DISCUSION

The objective of this section is to provide the findings and results from the data collected through
close ended questionnaire and semi structured interview which is analyzed using SPSS statistics
version 20.0 in order to assess the practice of Mapna Group Company project procurement
management practice and to provide adequate recommendations for the identified gaps. This section
summarizes and presents the demographic characteristics of the respondents such as age, level of
education, year of work experience and current work position.

Table 1: General Characteristics of the Respondents

Frequency Percent |Valid Percent Cumulative Percent
20-30 13 21.7 21.7 21.7
31-40 27 45.0 45.0 66.7
Rﬁgsozzzhnis 4150 13 217 21.7 88.3
Above 50 I 11.7 11.7 100.0
Total 60 100.0 100.0
Diploma 4 6.7 6.7 6.7
Level of Degree 35 58.3 58.3 65
Education  |Postgraduates 21 35.0 35.0 100.0
Total 60 100.0 100.0
Less than 5 Year 3 5.0 5.0 5.0
5-10 18 30.0 30.0 35.0
Yéiggflgxgk 1115 28 46.7 26.7 8L7
Above 15 11 18.3 18.3 100.0
Total 60 100.0 100.0
Supervisor 5 8.3 8.3 8.3
Expert 9 15.0 15.0 23.3
C“gggtﬂ‘c’)\:‘ork Specialist 19 317 317 5.0
Administrator 27 45.0 45.0 100.0
Total 60 100.0 100.0

The researcher applied five point Likert scale questionnaire where (1 =Strongly Disagree, 2 =
Disagree, 3 = Uncertain, 4 = Agree and 5 = Strongly Agree) to collect data from respondents. 60
questionnaire were distributed to the target group of respondents and all of them are filled and
returned. Part of the questionnaires related to general information of the respondents and training
related questions are distributed to all of the 60 respondents. The data was analyzed and presented
using SPSS software program while semi structure interview results have been analyzed qualitatively.

This part of the study discussed on the first step of the project procurement management. The analysis
has been conducted and presented depending on the responses collected from participants through
guestionnaire, semi structured interviews and relevant document review.
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Table 2: Make-or-buy analysis for planning procurement

Frequency Percent Valid Percent Cumulative Percent
Strongly Disagree - - - -
Disagree 8 13.3 13.3 13.3
valid Uncertain 8 13.3 13.3 26.7
Agree 32 53.3 53.3 80
Strongly Agree 12 20 20 100
Total 60 100 100

The above table 2 reveals that out of the total respondents, 13.3% disagree, 13.3 uncertain, 53.3%
agree and the remaining 20% agree that there is consideration make-or-buy analysis before deciding to
buy from outside vendors to meet the project procurement need of the company. Furthermore,
interview made with the Contract Management Program Managers also confirmed that the analysis is
made to identify what the company cable to make, what is available from local suppliers and what to
acquire from foreign suppliers. The project management process of the company also states it is
important to identify whether to acquire or not at the planning phase of the project.

Table 3: Expert judgment for planning procurement

Frequency Percent | Valid Percent |Cumulative Percent
Strongly Disagree - - - -
Disagree - - - -

\alid Uncertain 8 13.3 13.3 13.3
Agree 28 46.7 46.7 60.0
Strongly Agree 24 40.0 40.0 100.0
Total 60 100.0 100.0

According to table 3, 13.3% of the respondents are uncertain while 46.7% agree and 40% strongly
agree that the use of expert judgement for planning project procurement. To triangulate the data,
interview conducted with project managers and contract managers also reveals that there is
establishment of Expert Group for the entire planning phase of the project who are selected based on
their past experience, skill and ability, work experience and participation in previous projects of the
company. In addition to expertise within the company, external experts are used who are providing
consultancy service in requirement selection, technology selection and contract preparation.

Table 4: Conducting market research for planning procurement

Frequency |Percent Valid Percent Cumulative Percent
Strongly Disagree 4 6.7 6.7 6.7
Disagree 8 13.3 13.3 20.0
vValid Uncertain 4 6.7 6.7 26.7
Agree 16 26.7 26.7 53.3
Strongly Agree 28 46.7 46.7 100.0
Total 60 100.0 100.0

The above table 4 illustrates, out of the whole respondents 6.7% strongly disagree, 13.3 disagree, 6.7%
uncertain, 26.7% agree and 46.7% strongly agree about conducting market research for planning
procurement. Data obtained from interview also confirms that the company use market assessment as
its sourcing policy element for its project and operational procurement. The market information
consists of product list and portfolio, supplier profile, price offer and other related information and
update the data periodically and as needed. It helps to view supply and demand within the market,
identify the power of suppliers, and level of competition. The company also collect information about
suppliers and there products online on its official website. New suppliers both from local and foreign
market register and update their information accordingly. The required information includes company
profile, recent consecutive three vyears financial audit report, product or service portfolio,
recommendation letter, and valid license and certificates.
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Table 5: Consideration of past project procurement documents

Frequency Percent |Valid Percent |Cumulative Percent
Strongly Disagree - - - -
Disagree 8 13.3 13.3 13.3
valid Uncertain 16 26.7 26.7 40.0
IAgree 4 6.7 6.7 46.7
Strongly Agree 32 53.3 53.3 100.0
Total 60 100.0 100.0

Table 5 depicts that more than half of the respondents (53.3%) strongly agree that consideration of
past project procurement documents for making future decision while the remaining 13.3% disagree,
26.7% uncertain and 6.7% agree. Interview with Contract Management program Managers also
confirms there is reference of past project procurement documents to review issues such as suppliers
profile and performance, type of goods and/or services provided, content of the contract, contract
management issues, risks incurred, claims and way of solving, issues related to contract change and
contract audit report. Such reference helps to identify possible threats, and opportunities as well as
learn from past mistakes for making better decision.

Table 6: Activity resource and cost estimation consideration

Frequency Percent  |Valid Percent |Cumulative Percent
Strongly Disagree - - - -
Disagree - - - -
valid Uncertain 12 20.0 20.0 20.0
Agree 32 53.3 53.3 73.3
Strongly Agree 16 26.7 26.7 100.0
Total 60 100.0 100.0

Table 6 reveals 20% of the respondents are uncertain while the remaining 53.3% and 26.7% agree and
strongly agree respectively about consideration of activity resource and activity cost estimation for
planning procurement for projects. According to the company project management process document
and Construction Projects charter, there is activity definition to identify specific activities to be
performed to produce the various project deliverables and sequencing them to support for the
development of an achievable schedule. This helps for resource estimation to identify the type and
quantity of resources require to accomplish each activities. After estimating the required resources, an
approximation of the costs of the resources needed to complete the project activities is estimated.
According to project management process of the company its states activity cost must be estimated for
all resources (people, services, material, hardware and software) that will charged to the project.
According to Contract Management Program Managers such estimation helps to decide on what to
acquire at what cost.

Table 7: Associated risks and mitigation plan identification

Frequency | Percent | Valid Percent Cumulative Percent
Strongly Disagree 4 6.7 6.7 6.7
Disagree 12 20.0 20.0 26.7
Valid Uncertain 12 20.0 20.0 46.7
Agree 20 33.3 33.3 80.0
Strongly Agree 12 20.0 20.0 100.0
Total 60 100.0 100.0

Table 7 depicts that 6.7% strongly disagree, 20% disagree, 20% uncertain, 33.3% agree and the
remaining 20% of respondents strongly agree. Most of the respondents reveals the company identify
associated risks and prepare mitigation plan for its projects. The issue is confirmed via interview and
by reviewing Construction Projects charter. Project risk management activity of the company not only
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involves in identification of risks and develop risk responses but also implement and track the risk
responses.

Table 8: Identification of overall procurement need of the project

Frequency | Percent | Valid Percent Cumulative Percent
Strongly Disagree 8 13.3 13.3 13.3
Disagree 4 6.7 6.7 20.0
valid Uncertain 8 13.3 13.3 33.3
IAgree 24 40.0 40.0 73.3
Strongly Agree 16 26.7 26.7 100.0
Total 60 100.0 100.0

Table 8 reveals that 13.3% strongly disagree, 6.7% disagree, 13.3% uncertain, 40% agree and 26.7%
agree on the identification of overall procurement need for the project. According to interview with the
program contract mangers and project managers, at the end of procurement planning issues such as
whether to acquire, what to acquire, how to acquire, how much to acquire and when to acquire is
determined.

Table 9: Separate procedure followed for managing project procurement

Frequency | Percent Valid Percent Cumulative Percent
Strongly Disagree 4 6.7 6.7 6.7
Agree - - - -
valid Uncertain 8 13.3 13.3 20.0
Agree 20 33.3 33.3 53.3
Strongly Agree 28 46.7 46.7 100.0
Total 60 100.0 100.0

From the above table 9, 6.7% strongly disagree, 13.3% uncertain, 33.3% agree and the remaining
46.7% of the respondents strongly agree on the presences of separate procedure used for managing
project procurement in Mapna Group Company. Based on the data gathered using interview with the
program contract managers, they confirmed that the company follow separate procedure and process
which is different from corporate sourcing mainly on the nature of the contract, monitoring and
controlling procedure, level of flexibility, and on the number of participant for approval.

Table 10: Aggregate Mean and Standard Deviation for Project Procurement Planning Process

Items N Mean S.td'.
Deviation
There is a separate procedure to be followed for managing project 60 413 113
procurement ' '
Make-or-buy analysis is made before deciding to buy from outside 60
3.80 0.94
vendors
Expert judgment is used for planning 60 4.27 0.70
Market research is conducted. 60 3.93 1.34
There is consideration of past procurement documents for making 60
- 4.00 1.19
future decision
Activity resource and cost estimation is ensured 60 4.07 0.70
Associated risks and mitigation plan is identified while planning 60 3.40 194
procurement ) )
Overall procurement need of the project is identified at the end of 60 360 135
planning. ' '
Aggregate Mean and Standard Deviation 3.9 1.07

As shown in table 10, the respondents overall mean regarding to the project procurement planning
scores 3.9 which implies project procurement planning practice were high. Individual items mean also
lied between 3.41 and 4.2 which indicates most of respondents agree on the above listed items. The
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SD for presence of separate procedure, conduction of market research, consideration of past project
procurement document, identification of risk and mitigation plan, and identification of overall need of
the project lies between 1.13 and 1.35 in which the variables have highest SD which indicates the
individual response were a little over 1 point away from a mean. For the remaining items the standard
deviation is less than one and the individual response did not deviate at all from the mean.

CONCLUSIONS

This study aims to assess project procurement practice of Mapna Group Company. To accomplish the
objectives of the research, the researcher applied descriptive approach and both quantitative and
qualitative data were collected through questionnaire, semi structured interview and document review.
The practice of project procurement management in Mapna Group Company shows a deviation with
that of theoretical aspect of the knowledge area. On which the company should recognize and give
greater emphasis to the identified gaps and ensure the effective management of its project procurement
practice. The company should provide adequate training on project and project procurement
management area for project team members since it increases their knowledge and skill. The training
also help them for better understanding of the three constraints of project while they make decision.
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ABSTRACT

This paper aims to analyze the domestic entrepreneurship environment within the framework of Society 5.0 in
Serbia, a concept characterized by the integration of advanced technologies and high levels of collaboration
between government, academia, and the private sector. The study addresses the challenges and opportunities
brought by Society 5.0 for entrepreneurship and investigates factors that can improve the entrepreneurial
ecosystem and national competitiveness of Serbia. The study suggests that factors such as finance, knowledge,
government policies, culture, social responsibility, technologies, and evaluation play a crucial role in enhancing
entrepreneurship ecosystems and national competitiveness. By addressing the challenges and leveraging
opportunities brought by Society 5.0, Serbia can foster an environment that encourages innovation, economic
growth, and sustainable development.

Keywords: Entrepreneurship ecosystem, Society 5.0, competitiveness, Serbia

INTRODUCTION

Society 5.0, also known as the "super smart society," is a term used to describe the future of human
civilization in which advanced technologies such as artificial intelligence, the Internet of Things, and
robotics are fully integrated into society. Within the concept of Society 5.0 entrepreneurship plays an
important role in driving innovation and economic growth (Fukuyama, 2018). Entrepreneurship
ecosystems in Society 5.0 are characterized by a high level of collaboration and cooperation between
different actors, including government, academia, and the private sector. Governments can support the
creation of an enabling environment for entrepreneurship by providing funding and other forms of
support for startups and small businesses (Fukuda, 2020). Governments also work closely with the
private sector to develop policies and regulations that promote innovation and growth.

Furthermore, academia also plays an important role in entrepreneurship ecosystems in Society 5.0.
Universities and research institutions provide the necessary knowledge and expertise to support the
development of new technologies and business models. They also serve as a source of talent and
human capital for startups and small business. Many universities have established incubator and
accelerator programs to support the development of new ventures. Other enterprises, both large and
small, play a vital role in driving innovation and economic growth by providing funding, resources,
and support to startups and small businesses, they also collaborate with government and academia to
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develop new technologies and business models (Khurana et al., 2022). Furthermore, private sector
actors also play a role in the development of new markets and industries.

The entrepreneurship ecosystem in Society 5.0 is also characterized by a high level of collaboration
and cooperation between different actors (Ellitan, 2020). This is particularly true in the field of
technology, where startups, small businesses, government, academia, and the private sector all work
together to develop new technologies and business models. The current body of literature addresses
this topic in multiple variations, however, studies that address entrepreneurship ecosystems within the
framework of Society 5.0 in Serbia are scarce. This paper aims to fill this knowledge gap by analyzing
the domestic entrepreneurship environment, the attitudes of potential entrepreneurs, and by developing
a theoretical model for improving entrepreneurial ecosystems and national competitiveness of Serbia.

The main research questions that guide this study are:

1. What challenges and opportunities are brought by the concept of Society 5.0 in the context of
entrepreneurship?

2. How can entrepreneurship in Serbia be improved? What factors play a role in this
improvement?

This paper consists of three main sections (excluding the Introduction and Conclusion sections). First
the changes and challenges of the Society 5.0 concept are noted. Next, the entrepreneurship
ecosystems and Society 5.0 are discussed. In addition, the developed theoretical model for improving
the entrepreneurial environment in Serbia and the research questions are discussed. Finally,
suggestions and guidelines for improving national competitiveness and entrepreneurship ecosystems
are noted.

CHANGES BROUGHT BY SOCIETY 5.0

As noted earlier Society 5.0, also known as the "super smart society, incorporates advanced
technologies like artificial intelligence (Al), the Internet of Things (10T), and robotics into everyday
life (Shiroishi et al., 2018). This integration has already begun to transform various sectors, including
healthcare, education, and transportation. It has also led to significant changes in how businesses
work, giving rise to new trends that shape the future of the business world (Narvaez Rojas et al.,
2021).

One major trend is the increased use of automation and artificial intelligence in businesses. These
advanced technologies allow enterprises to automate repetitive tasks, such as data entry and analysis,
which leads to better efficiency and cost savings. Automation also frees up human employees to focus
on more strategic and creative tasks, thereby increasing overall productivity (Aquilani et al., 2020).
Furthermore, businesses can use artificial intelligence to analyze large amounts of data, enabling them
to understand and predict customer needs and preferences (Bakator et al., 2021). This results in
improved customer satisfaction through personalized marketing and tailored product offerings. As Al
and automation technologies continue to advance, this trend is likely to persist and expand, with
companies aiming to use advanced technologies to stay competitive in a constantly changing business
environment (Haefner et al., 2021).

Another key trend is the focus on innovation. As technology keeps evolving at a fast pace, businesses
need to constantly innovate and create new products, services, and business models to stay
competitive. This involves investing in research and development, fostering a culture of innovation
within the organization, and staying informed about emerging technologies and market trends. Putting
emphasis on innovation is important for businesses to stay relevant in the market and adapt to
changing customer needs. Moreover, innovation helps create new industries and markets, offering new
opportunities for businesses and contributing to economic growth (Pereira et al., 2020).
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Collaboration and partnerships are also important in the business landscape of Society 5.0. Enterprises
need to work together to share resources, knowledge, and expertise to remain competitive. This
collaboration can take different forms, such as partnerships between enterprises in complementary
industries, collaborations between the government and the private sector to develop new infrastructure
or address societal challenges, and open innovation initiatives that involve sharing ideas and resources
with external stakeholders. Digital platforms and tools, including cloud computing and communication
software, make it easier for businesses to collaborate with partners and customers across geographical
boundaries, leading to a more connected and integrated business ecosystem (Cozzolino et al., 2021).

Additionally, focusing on sustainability and social responsibility has become essential for doing
business in Society 5.0. As people become more aware of the impact of business activities on the
environment and society, there is growing demand for enterprises to adopt sustainable practices, such
as reducing waste, using renewable energy sources, and implementing circular economy principles.
This focus on sustainability can also lead to cost savings and new market opportunities for businesses.
At the same time, enterprises need to address social issues like poverty and inequality by promoting
fair labor practices, supporting community development projects, and ensuring equal opportunities for
all employees (Thacker et al., 2019). Enterprises can build a positive brand image, increase customer
loyalty, and ensure their long-term success through taking responsibility for their actions and
implementing sustainable and socially responsible business practices.

ENTREPRENEURSHIP ECOSYSTEMS AND SOCIETY 5.0

Entrepreneurship ecosystems encompass various elements that facilitate establishing and expanding
new businesses, such as government policies, financing options, and the presence of talent and
resources. These ecosystems are essential for increasing economic growth and innovation as they
establish the conditions for entrepreneurs to initiate and scale new ventures. As a result, a robust
entrepreneurship ecosystem can lead to increased job creation, higher rates of innovation, and overall
economic development within a region or country (Djordjevic et al., 2021).

A primary component of an entrepreneurship ecosystem is access to finance. Capital availability is
essential for entrepreneurs, allowing them to finance their development and growth. Financial support
can be venture capital, angel investments, or government grants and loans. Additionally, the
emergence of alternative financing methods, such as crowdfunding and peer-to-peer lending, has
expanded capital access for entrepreneurs (Holroyd, 2022). Finally, a vibrant investment community
and supportive financial institutions also contribute to a healthy entrepreneurship ecosystem.

Another crucial element in entrepreneurship ecosystems is the availability of talent and resources,
encompassing human capital—such as skilled workers and managerial expertise—and physical
capital, including office space and equipment. Universities and research institutions can also
contribute significantly to talent and resource availability, often as sources for innovative ideas and
advanced technologies. Furthermore, incubators, accelerators, and co-working spaces can provide
entrepreneurs valuable resources, mentorship, and networking opportunities to help grow their
businesses. Government policies and regulations play a pivotal role in shaping entrepreneurship
ecosystems. Governments can support entrepreneurship by offering tax incentives and research and
development funding while fostering a supportive legal and regulatory environment. Moreover,
governments can invest in infrastructure, training, and education programs to encourage
entrepreneurship (Cohen & Tubb, 2018). Developing innovation hubs, technology parks, and special
economic zones can also contribute to a thriving entrepreneurial environment.

Cultural and societal attitudes also critically influence entrepreneurship ecosystems. For example, a
culture encouraging risk-taking and innovation can create a more conducive environment for
entrepreneurs to establish and grow businesses. This can be fostered through promoting role models,
establishing entrepreneurial communities, and initiatives that celebrate entrepreneurial success. Media
coverage and public awareness of entrepreneurial achievements can also contribute to shaping a
positive entrepreneurial culture.
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Lastly, the presence of successful businesses can strengthen an entrepreneurial ecosystem. Established
companies can provide mentorship, resources, and clientele for new ventures, fostering a culture of
innovation and entrepreneurship. These successful businesses can also offer learning opportunities for
aspiring entrepreneurs, sharing best practices and lessons from their experiences. Society 5.0's
incorporation of advanced technologies has the potential to enhance entrepreneurship ecosystems
considerably. For instance, the Internet of Things and artificial intelligence can empower
entrepreneurs to collect and analyze vast amounts of data to identify business opportunities and
discern customer behavior. This can lead to the creation innovative business models, products, and
services.

In addition, the integration of advanced technologies can also lead to improved communication and
collaboration tools, making it easier for entrepreneurs to connect with partners, customers, and
mentors. Furthermore, new technologies can enable remote work and distributed teams, allowing
entrepreneurs to access global talent and resources and promoting entrepreneurship in underdeveloped
regions with limited resources and talent access. The increasing availability of online learning
platforms and resources. The theoretical model for improving entrepreneurial ecosystems and national
competitiveness is presented on Figure 1.
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Figure 1: Model for improving the entrepreneurial ecosystem and national competitiveness in Serbia

Based on the developed model it is evident that there are 9 key factors. Access to Finance (1),
represents the availability of financial resources for entrepreneurs, including venture capital, angel
investments, government grants and loans, crowdfunding, and peer-to-peer lending (Ellitan & Anatan,
2020). Talent and Resources (2), represents human and physical capital, including skilled workers,
managerial expertise, office space, equipment, and the presence of universities and research
institutions that provide a source of innovation and advanced technologies (Nurani & Kirana, 2021).
Government Policies and Regulations (3), includes the role of the government in fostering a
supportive legal and regulatory environment, providing tax incentives, funding for research and
development, infrastructure investments, and training and education programs (Kadarisman et al.,
2022).
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Collaboration and Partnerships (4) refers to the importance of cooperation among businesses,
government, and academic institutions, including partnerships, open innovation initiatives, and the use
of digital platforms and tools for communication and collaboration (Cozzolino et al., 2021). Culture
and Entrepreneurship (5), represents the societal attitudes and values that encourage risk-taking,
innovation, and entrepreneurship, promoted through role models, entrepreneurial communities, and
media coverage of entrepreneurial success stories (Djordjevic et al., 2021). Sustainability and Social
Responsibility (6) emphasizes on sustainable practices and social responsibility in business operations,
addressing environmental concerns and social issues such as poverty and inequality (Potocan et al.,
2020). Advanced Technologies (7) notes the integration of advanced technologies such as Al, 10T, and
robotics into businesses, enabling new opportunities for innovation, efficiency, and competitiveness
(Fukuda, 2020). Regional Development and International Collaboration (8) indicates the importance
of regional development and international collaboration in fostering a vibrant entrepreneurial
ecosystem and enhancing national competitiveness. Finally, measurement and Evaluation (9)
represents the continuous monitoring and evaluation of the entrepreneurial ecosystem's performance,
enabling data-driven decision-making and the identification of areas for improvement (Veshneva et
al., 2021).

Based on the theoretical model, a theoretical diagram curve of future development of entrepreneurship
ecosystems and national competitiveness is developed. The curve presents potential scenarios and
different factors affecting the scenarios. The diagram is presented in Figure 2.

Level of development
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- Government policies and support
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- Evaluation efficiency and effectiveness
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Figure 2: Potential development scenarios

The main suggestion on Figure 2. is that the level of development of entrepreneurship ecosystems and
competitiveness includes the role of finance, knowledge, government policies, culture, social
responsibility, technologies, and evaluation. For scenario A to occur, improvements across all the
noted factors is expected. For scenario B, a status quo or a minor improvement of the noted factors is
necessary. If there is no improvement or worsening of the noted factors, the scenario C can occur,
which indicates decrease in development of entrepreneurship ecosystems and national
competitiveness.

Further, the research questions noted earlier are addressed.
1. What challenges and opportunities are brought by the concept of Society 5.0 in the context of
entrepreneurship?

The concept of Society 5.0 brings both challenges and opportunities for entrepreneurship

development. Opportunities include the integration of advanced technologies which can enable
entrepreneurs to collect and analyze large amounts of data, identify new business opportunities, and
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understand customer behavior. This can lead to the development of innovative business models and
the creation of new products and services.

Challenges brought by Society 5.0 include the rapid pace of technological change, making it difficult
for entrepreneurs to keep up and stay competitive. The emergence of automation and advanced
technologies may lead to job displacement and create difficulties for entrepreneurs to find skilled
workers

2. How can entrepreneurship in Serbia be improved? What factors play a role in this
improvement?

Encouraging the growth of venture capital and alternative financing methods can provide
entrepreneurs with the necessary capital to start and scale their businesses. Investing in education,
skills development, and research institutions can help create a skilled workforce and provide
entrepreneurs with access to innovative ideas and advanced technologies. Implementing supportive
government policies, such as tax incentives, research and development funding, and a favorable legal
and regulatory environment, can encourage entrepreneurship. Fostering a culture that encourages risk-
taking, innovation, and entrepreneurship can create a more conducive environment for starting and
growing businesses. Encouraging the growth of established companies that can provide mentorship,
resources, and clientele for new ventures can strengthen the entrepreneurial ecosystem and foster a
culture of innovation and entrepreneurship.

SUGGESTION AND GUIDELINES

Based on the analyzed literature and the developed model, the following suggestions and guidelines

for improving entrepreneurship ecosystems and national competitiveness:

- Governments and financial institutions should work together to create more accessible financing
options for entrepreneurs, including grants, loans, and tax incentives. This can be achieved by
simplifying the application processes, reducing bureaucratic hurdles, and providing targeted
support for specific sectors or technologies.

- Encouraging collaboration between enterprises, government entities, and research institutions to
drive innovation and share resources, knowledge, and expertise. This can be facilitated through
the creation of industry clusters, technology parks, and innovation hubs, as well as by promoting
open innovation initiatives and public-private partnerships.

- Governments should prioritize education on developing entrepreneurial skills and fostering a
culture of innovation.

- Implementing policies and initiatives that attract and retain skilled workers and management
expertise within the country. This can be achieved by offering incentives to hire and train local
talent, investing in research institutions and universities, and creating visa programs to attract
international talent.

- Governments should review and update policies and regulations to ensure they are conducive to
entrepreneurship and innovation.

- Encouraging businesses to adopt sustainable practices and socially responsible policies by
offering incentives, such as tax breaks and financial support.

- Governments and businesses should collaborate to harness the potential of advanced
technologies to enhance entrepreneurial ecosystems. This includes investing in digital
infrastructure, supporting technology transfer, and promoting the adoption of new technologies.

- Establishing benchmarks and key performance indicators to monitor the effectiveness of
policies and initiatives aimed at improving entrepreneurial ecosystems. Regular evaluation and
feedback will help identify areas for improvement and ensure that the ecosystem remains
dynamic and responsive to the evolving needs of entrepreneurs and businesses.
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Overall, the complexity of entrepreneurship ecosystems and achieving competitiveness doesn’t allow
to simply improve them through strictly defined strategies. The key is continuous evaluation and
modification in accordance with new opportunities and challenges. This indicates that strategies both
on a national/government level and enterprise level have to be flexible and adaptable in the modern
business environment.

CONCLUSION

In conclusion, the emergence of Society 5.0 and its integration of advanced technologies such as Al,
0T, and robotics has significantly impacted the landscape of entrepreneurship ecosystems. This
transformation presents both opportunities and challenges for businesses and policymakers alike. To
harness the potential of Society 5.0 and foster a thriving entrepreneurial ecosystem, it is crucial to
address the various elements that contribute to its success. Moreover, fostering a strong
entrepreneurial ecosystem will contribute to economic growth, job creation, and overall societal well-
being. Ultimately, adapting to the rapidly evolving business landscape and addressing the challenges
presented by Society 5.0 will be key to ensuring sustainable development and prosperity for all.

The main limitation of the paper is the lack of empirical research. However, the main focus was
developing a theoretical model, thus this limitation is not severe. For future research, it is suggested to
address individual aspects of improving entrepreneurship ecosystems and factors that affect national
competitiveness.
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ABSTRACT

The paper is devoted to identifying trends and forecasting the innovation development of Russian leading
regions. Our method includes cluster, comparative, correlation, and regression analysis. We propose the
composition of innovation development indicators of Russian regions for 2010-2021 to eliminate the influence
of cost factors on the results of innovation activity. As a result, we distinguish five homogeneous groups (virtual
clusters) of regions with a different combination of values of individual indicators and the overall level of
innovation development. We identify representative regions of each cluster to provide correlation and regression
analysis. In particular, we perform calculations for St. Petersburg as the representative region of the most
developed cluster. The study showed that two indicators "the share of organizations implemented technological
innovations in the total number of surveyed organizations" and "the number of advanced production
technologies used" are statistically reliable. This allows us to provide several forecasts for the development of
innovation activity in the representative region. The remaining indicators do not form trends, which does not
allow us to make a definite forecast of their changes in the medium-term perspective.

Keywords: Innovative activity, Forecast of innovative development, Region, Analysis, Virtual cluster

INTRODUCTION

The innovative component is an absolute priority of the socio-economic development of countries and
their administrative-territorial entities. In Russia, such a goal was set by federal authorities in 2011 in the
Strategy of Innovative Development of the Russian Federation for the period up to 2020 (Decree of the
Government of the Russian Federation, 2011). Currently, several documents have been adopted that
define specific tasks in this area and in related processes (Decree of the Government of the Russian
Federation, 2014; Decree of the Government of the Russian Federation, 2022; List of instructions, 2020;
List of instructions, 2022).

Baburina (2015) notes that there have been no significant changes in recent years in the innovative
development of the national economy and its regional subsystems, which determines the preservation of
the irrational structure of exports and imports. The main problem remains the raw materials orientation
of production and export.

Marchenko & Yakubovich (2021) note minor changes in the export parameters of high-tech
technologies, despite the fact that the IT sector shows good dynamics in the domestic market. We also
noted this circumstance in collaboration with other researchers (Treshchevskiy et al., 2021).

Tegetaeva et al. (2015) note that there are some positive changes in the geographical orientation of the
export of natural resources and the re-orientation of exports and imports of a wide range of products
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previously concentrated in the EU countries and hindered the maneuvering of resources (Kovalerova,
2015). At the same time, Vertakova et al. (2015) believes that most of the imports are goods which
production can be established on the territory of the country with appropriate modernization of
production. Kozlov et al. (2015) write that the transition from targeted sanctions to their widespread
application against entire sectors of the Russian economy requires the activation of import substitution
policy and export development. Note that this cannot be done based on outdated technologies.

Of course, the reorientation of regional producers to domestic suppliers and consumers will require a
sufficiently long period and the activation of various aspects of innovation activity. Kudryakov et al.
(2016) rightly notes that the development of import substitution can be effective only with the integrated
use of internal and external factors of innovative development (an increase in the rate of renewal of fixed
assets, a decrease in inflation, a decrease in the ruble exchange rate, an increase in the level of
manufacturability of the production sector, improved logistics, etc.). Alekseeva (2016) notes that
enterprises of the real and financial sectors of the economy carry out maneuvers in building legal
schemes for the transformation of logistics flows of both domestic and foreign companies. This
significantly changes the trajectory of export-import relations, which determines the feasibility of spatial
and functional diversification of production on a new or modernized technological basis. In this regard,
Logvinenko's statement about the need to achieve a fundamentally new level of development of high-
tech industries is justified (Logvinenko, 2020)

Special attention should be paid to studies noting the paradoxical fact that the share of Russian
enterprises that are not ready to abandon the import of equipment and components has not only not
decreased, but even increased due to low quality domestic engineering products (see for example
Andriyanov et al. (2021)).

In connection with the above, it is necessary to establish quantitative parameters of innovative
development of various socio-economic systems of the Russian Federation. One of the directions of
analysis and forecasting is the spatial and functional distribution of innovation processes, in which the
region acts as a spatial unit, the functional one is a certain parameter of innovation activity reflecting its
significant component.

RESEARCH METHODS

Taking into account the problems outlined above and in order to eliminate the influence of cost factors
on the results of innovation activity, we have proposed within the framework of this study a set of
indicators characterizing various aspects of innovative development of regions: the level of innovative
activity of organizations, % (varl); the proportion of organizations implementing technological
innovations in the total number of surveyed-organizations, % (var2); the share of innovative goods,
works, services in the total volume of goods shipped, works performed, services, % (var3); the share of
innovation activity costs in the total volume of goods shipped, works performed, services, % (var4);
advanced production technologies used, units (varb).

Given the significant number and high level of differentiation of Russian regions in various parameters
of socio-economic, including innovation activities, it is advisable to combine them into sufficiently
homogeneous groups. One of the productive methods of forming homogeneous virtual groups is cluster
analysis. The method was proposed by Hartigan & Wong (1979) and was further developed by
Oldenderfer & Bleshfild (1989)., and a number of other scientists. Applied to the innovative
development of Russian regions, this method was developed by Golichenko & Schepina (2008).

As a result of the analysis, five virtual clusters were formed, differing in the general level and nature of
innovation activity (Table 1).
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Table 1: Average values of normalized indicators of innovation activity of clusters 2014-2021

Indicator cluster «A» cluster «B» cluster «C» cluster «D» cluster «G»
Varl 0,774990 0,527671 0,310176 0,389125 0,194303
Var2 0,823853 0,544738 0,321333 0,416223 0,199217
Var3 0,562187 0,347433 0,164270 0,144382 0,052773
Vard 0,589178 0,371734 0,347811 0,101433 0,073995
Varb 0,538206 0,263024 0,167730 0,076829 0,042457
Total 3,288414 2,054599 1,311320 1,127991 0,562744

Variance analysis showed high statistical significance of the calculated values (Table 2)

Table 2: Variance analysis of clusters 2014-2021

Indicator Analysis of variance

Between df Within df F P-value
Varl 2,187589 4 0,872277 77 48,27722 0,000000
Var2 2,466732 4 0,671443 77 70,72017 0,000000
Var3 1,818610 4 1,116050 77 31,36800 0,000000
Var4 2,298859 4 1,068980 77 41,39743 0,000000
Var5 1,614624 4 1,586666 77 19,58919 0,000000

A graphical interpretation of the average values of the normalized indicators of clusters is shown in
Figure 1.
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Figure 1: Average values of normalized cluster indicators 2014-2021

The most developed cluster "A" was selected for further research. Cluster "A" according to calculations
for the period 2014-2021 included seven regions: Moscow Region, Moscow, St. Petersburg, the
Republic of Mordovia, the Republic of Tatarstan, the Chuvash Republic, the Nizhny Novgorod Region.

Assessment of the state and forecasting of innovation activity indicators were carried out for the model
region (representative region) of this cluster. The selection of the model region was carried out according
to the smallest distance of indicators from the virtual center of the cluster. The region closest to the
virtual center of the cluster was St. Petersburg.

To assess the indicators of innovation activity of the model region, the period was extended to cover 12
years: from 2010 to 2021. This makes it possible to obtain statistically significant results for a period of
up to 4-5 years with stable trends. The construction of trends based on correlation and regression analysis
was carried out using linear, power, logarithmic (natural logarithm), polynomial (second degree
polynomial), exponential functions.
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Studies of wide range of researchers, including the authors of the presented article, have shown good
results of using the totality of these functions for analyzing and predicting the dynamics of socio—
economic processes (Treshchevskiy et al., 2021; Treshchevskiy et al., 2018).

The initial data were obtained in official statistical sources.
RESULTS AND DISCUSSION
Indicators of innovation activity of St. Petersburg for the period 2010-2021 are presented in Table 3.

Table 3: Indicators of innovation activity in St. Petersburg
Indicator 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
varl, % 130 (189 | 188 | 180 (189 (172 | 148 | 161 |283 | 154 | 159 | 159
var2, % 109 (161 | 166 | 162 | 168 | 148 | 138 | 145 |[37,1 | 33,7 | 353 | 34,7
var3, % 80 |90 121 | 122 [120 (73 |87 |91 |99 105 | 10,6 | 111
vard, % 1,9 26 |27 |36 |44 |24 [31 [28 |25 28 |30 2,8
var5, units | 4584 | 5122 | 6539 | 7128 | 7924 | 8099 | 9026 | 8933 | 9553 | 9972 | 9399 | 10839

As we can see, the values of a number of indicators vary in a wide range, which does not allow
predicting their dynamics with a sufficient degree of accuracy even for the medium term.

We evaluated the dynamics of innovative activity of organizations (varl) in the model region using
polynomial and power functions. The analysis showed that no function has a coefficient of determination
sufficient for its use for predictive purposes. The maximum values of the coefficients of determination
for the polynomial and power functions:

y =-0.107 x2 + 1.4671x + 13.859 (1); R2 = 0.0997;
y = 15.922 x0,0492 (2); R2 = 0.0375.

As we can see, the dynamics of innovative activity of organizations in the model region changes
abruptly, which does not allow us to present a sufficiently reliable forecast.

The dynamics of the share of organizations that implemented technological innovations in the total
number of surveyed organizations (var2) is significantly characterized by three functions:

y=2,2759x +6,9152 (3); R*=0,6582;
y=0,2569x% — 1,0634x + 14,707 (4); R? = 0,7356;
y=9,8026x""?® (5); R*=0,523;

Acceptable values of determination coefficients with the revealed sufficient significance of statistical
characteristics (F and p) allow us to make a number of forecasts (Table 4).

Table 4: Forecast values of the proportion of organizations that have implemented technological
innovations in the total number of surveyed organizations (var2, %)

Functions 2022 2023 2024
polynomial 44,3 50,2 56,5
exponential 37,7 41,6 46,0
linear 36,5 38,7 41,0

As can be seen, the polynomial and exponential functions allow to build an optimistic forecast. The
linear function most likely demonstrates a realistic and, at the same time, quite optimistic forecast based
on smoothing the sharp drop in values in the period 2017-2018.

The dynamics of one of the most important indicators of innovative development of regions — the share
of innovative goods, works, services in the total volume of goods shipped, works performed (var3) is
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unstable. The coefficients of determination of all functions do not exceed 0.06. As we can see,
forecasting this indicator is not possible.

The coefficients of determination of all functions describing the dynamics of the share of innovation
activity costs in the total volume of goods loaded, work performed in the model region (var4) do not
exceed 0.2.

The dynamics of the advanced manufacturing technologies used in the model region (var5), describing
its functions are presented in the formulas:

y=51541x + 4743 (6); R*=0,9266;

y = 5005,1"** (7); R?=0,8757;

y =2495,6In(x) + 3936,4 (8); R* = 0,9546;

y = -35,965x° + 982,96x + 3652 (9); R*=0,9687;
y = 4393,6x>**% (10); R?=0,9742;

As we can see, the values of the coefficients of determination, with sufficient significance of the
statistical characteristics of all five functions used, are very high. This allows to make various and fairly
reliable forecasts of the dynamics of indicators up to 2024 (Table 5).

Table 5: Forecast values of the number of advanced production technologies used in the model region,
(var5, units)

Functions 2022 2023 2024
polynomial 12321 13205 14153
exponential 11443 11958 12474
linear 10352 10364 10304

The data in Table 5 quite clearly demonstrate three different forecasts: an optimistic forecast is
exponential, a pessimistic one is polynomial, and a realistic one is linear.

CONCLUSIONS

The task of activating innovation processes in Russia and its regions has become particularly relevant at
the moment. Researchers investigate the state and factors of the development of innovation activity in
the country and its administrative-territorial entities in different ways. The problem of studying
innovation processes at the regional level is complicated by the high variability of indicators proposed by
the authors of scientific papers. The total number of proposed indicators and factors reaches several
dozen. This determines the inconsistency of the results obtained.

In our study we proposed only six of the most significant natural indicators to analyze the state of
innovation activity in Russian regions. It allows us to obtain a foreseeable amount of data and eliminate
the influence of price factors.

Given the significant number of regions forming the Russian Federation, we used cluster analysis to
form relatively homogeneous virtual groups. The results of the analysis demonstrated the presence of
five such groups.

For a detailed analysis and forecasting of the further development of innovation activity in Russian
regions, a group of seven administrative-territorial entities with the highest values of indicators was
selected. The most typical in this group is the city of St. Petersburg, for which a correlation and
regression analysis was performed over 12 years. This made it possible to predict their changes quite
definitely for the medium-term period — up to 2024 inclusive.

The results of the calculations showed that the actual dynamics of two important indicators of innovation
activity is statistically reliably described by functional dependencies: "the share of organizations
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implementing technological innovations in the total number of surveyed organizations” and “the number
of advanced production technologies used". The nature of the dependencies allows us to make
optimistic, although qualitatively different forecasts. The indicators "the level of innovative activity of

organizations"”, "the share of innovative goods, works, services in the total volume of goods shipped,

works performed, services", "the share of costs for innovative activities in the total volume of goods
loaded, works performed, services™" change abruptly, which does not allow predicting their dynamics.
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ABSTRACT

The Covid pandemic has accelerated the global shift towards online shopping, we are seeing the emergence of a
hybrid retail environment, the so-called phygital. This combines physical and digital solutions and is now used
as a unique way of making products available. In the future, retailers will use artificial intelligence, machine
learning and cognitive computing to deliver personalised 'moments' to consumers, improving the shopping
experience. This is particularly important in the area of supply chain dynamics, where companies previously
focused on manufacturing excellence are focusing their efforts on improving the customer experience through
greater flexibility, real-time information sharing and closer collaboration.

Keywords: Phygital, Logistics, Marketing, Supply chain

INTRODUCTION

The phygital term is also becoming increasingly important for companies seeking to maximise
conversions and meet changing customer needs as a result of the pandemic. The biggest e-commerce
players, such as Amazon, have been building their technologies to deliver a checkout-free shopping
experience for years. Amazon Go and similar phygital solutions offer a so-called "just walk out™ sales
solution with an invisible payment solution. Most supermarket chains, such as Tesco, Sainsbury's and
Aldi, have already tested these systems in 2022 in their stores in the US and the UK. (Fintechzone,
2022) Blending of the physical and digital also means incorporating digital experiences where there
were previously none—injecting digital into the physical. So, an obvious catalyst for the uptick in
interest in phygital marketing is the pandemic. During COVID-19, consumers were avoiding in-store
interactions and executing whatever tasks they could online. As a result, brands were forced to speed
up their timelines to incorporate digital channels. In a 2020 report from McKinsey, they stated,
“Digital adoption has taken a quantum leap at both the organizational and industry levels.” In the

aftermath of the pandemic, brands aren’t flipping a switch and reverting back to the way things were
in 2019. (Iterable, 2022)

Interest over time .
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Figure 1: The term “phygital” started to gain more traction in early 2020 and continues through
today
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PHYGITAL

Phygital (physical plus digital) is a marketing term that describes blending digital experiences with
physical ones. As the channels of customer interaction and communication proliferate, companies aim
to make combining these channels frictionless and seamless, enabling a customer to make a phone
call, then communicate in a social media platform, then send an email, without the company losing the
thread of the communication or a sense of the customer issues associated with the customer account
record. Sometimes referred to as an omnichannel customer experience, companies now have a
mandate to bridge this gap to reduce customer friction, frustration and churn. Phygital experiences can
add value by enhancing physical experiences with information but augmenting digital experiences
with human connections or physical enhancements. (Horwitz, 2016)

Physical Marketing f/ \ Digital Marketing

Figure 2: Phygital marketing

The benefits of phygital marketing - There are many reasons why marketers are looking towards
phygital marketing strategies. Improving the user/consumer experience is just one of them. Below are
some other benefits you can attain with phygital campaigns:

- Measuring engagement: By working with a mobile measurement provider (MMP), you will be
able to measure physical interactions to resulting in-app digital activity and analyze the impact
of your marketing efforts.

- Mitigate churn: Keep your customers coming back through phygital marketing techniques. By
providing your customers with a unique experience that makes them feel valued, you will keep
them coming back for more.

- Enhances physical experiences with information: Provide more information about your product
or service by overlaying your physical space with digital content. When customers walk into
your store they can receive information about certain products via an app or webpage.
Scannable quick response (QR) codes offer a great mechanism to digitally engage visitors in a
physical context.

- More opportunities to sell products: If you are solely an eCommerce store, consider creating a
pop-up experience to attract new customers who might not have interacted with your product in
its original form.

- Provide a seamless experience: Phygital marketing helps businesses both recognize areas that
need improvement and provide solutions to improve those areas so that the customer journey is
seamless from start to finish.
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- Produce personalized content: Overlapping marketing channels allows for a better
understanding of your customers needs, habits, and patterns. This helps you predict future
interactions and serve your customers with content or products that they actually want.

These are just a few of the many ways that phygital marketing can benefit your business. An MMP
can help you identify how to best measure the impact of these experiences. (Scott, 2022)

PHYGITAL EXPERIENCES IN LOGISTICS

From digital twin to building information modeling (BIM), the blending of the physical with the
digital is nothing new in the manufacturing world. What is new, however, is a growing expectation
among customers across the industrial landscape that their suppliers deliver a smoother and more
reliable “phygital” experience. A term that originated in the retail space, phygital lately has taken on
new importance for B2B (and B2B2C) manufacturing enterprises. It’s especially relevant in the area
of supply chain dynamics, where companies that have historically focused on manufacturing
excellence are shifting their efforts to improving the customer experience through greater flexibility,
more real-time information sharing and tighter collaboration. (Scholze, 2022)

Antecedents Decisions Outcomes

Phygital Resources

Objects, applications ) " 1 rital Experience
] PP _ Phygital Customer Phygital Experience

Phygital Context Journey

Space/Places

P
fev affecy i erahily

Phygital Transformation
Figure 3: Antecedents, decisions, and outcomes of phygital transformation

Smart technologies are “new realities”, and they are potentially changing and disrupting several
industries and influencing customers during their decision-making journey. Managers must not be
afraid of change, but rather must design their new business models to focus on inspiring innovations
and co-creating memorable experiences with customers. Starting from this, practitioners should take
into consideration how phygital resources (antecedents) are used and how the phygital context
(antecedents) develops to influence the entire customer journey (decisions). (Mele et al., 2023) All of
this means that it is vital for brands to forge the same type of relationships with last-mile delivery
customers that they would with shoppers in retail outlets. Doesn’t matter if you choose an hybrid
approach or you go all in-one building, brand value still depends on connection.
(Milkmantechnologies, 2023)

The phygital model, which combines physical and digital experiences, emphasizes key aspects like
ease of use, speed, convenience, and support. Under this, brands and businesses go all out to promote
products/services online. After trying the products virtually, customers buy them online but take the
delivery from physical stores. Phygital is mutually beneficial for both seller and end-user. It enables
sellers to save on various variable expenditures while reaching out to a broader audience. It allows
customers to make purchases from the comfort of their own homes. (Maxicus, 2023)

Present and future. The bricks and mortar part of retail will become 'phygital,' combining physical
experiences with digital technologies such as AR and VR, driven by Al, to create much more
personalized, immersive experiences in stores. Virtual reality dressing rooms will superimpose outfits
on customers, while smart mirrors will make recommendations on fit and style (and recommend other
related products). These interactions will generate insights to help retailers provide personal advice to
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customers, reduce returns and make smarter inventory decisions. Products will be created on-demand
by 3D printers and delivered by autonomous vehicles or drones. (KPMG, 2023)

CONCLUSION

The digital and physical world are merging more than ever before. As the supply chain becomes more
‘phygital,” innovative ways of sharing data — like using verifiable credentials — are helping to build
more trust with data along the supply chain. (Sertl and Jackson, 2022) In a phygital world, online and
offline channels play complementary roles instead of being substitutes for one another. We see retail
evolving further as brands explore modern technologies such as AR and virtual reality (VR) on the
pathway to a new world of opportunity - the metaverse.

However, phygital design can revolutionise online commerce not only in marketing and branding, but
has already made inroads into modern logistics. It is a little known fact that Google Glass, considered
by many to be just a vaporware, despite its huge failure as a consumer electronics product, is still
being manufactured by the search giant. Smart glasses capable of displaying augmented reality are
enjoying a second renaissance, thanks in part to their use in warehousing and logistics. (Jébi, 2018)
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ABSTRACT

Social media marketing proved to be advantageous for any kind of industry. If we consider the huge number of
users of social networks and all the advantages they have, as well as their popularity, the fact arises that these
networks provide significant business opportunities. Therefore, social media is a great tool for communicating,
informing, educating, and connecting with buyers. Social media platforms, such as Instagram, Facebook,
YouTube, and Pinterest, are the most popular places for posting and advertising different content. The main aim
of our research was to find out how social media such as Instagram influence the purchasing decisions on
Generation Z and do they use it as a research tool before buying. We proved that a social media platform,
Instagram, has a significant impact on Generation Z purchase decisions.

Keywords: Social media, Instagram, Instagram influencers, Generation Z

INTRODUCTION

Today, Generation Z is the first completely digital generation and that means marketers, influencers.
Brands, business owners, and content creators need to better understand their behavior on social media
as well as their needs. Because Gen Z has been immersed in technology and social media, they are
also driven by the latest trends. Unlike Baby Boomers and Generation X, Generation Z use social
media for more than just entertainment or to communicate with friends and family (Wise, 2023).

Nowadays, fashion businesses are investing more time and resources into crafting social media
strategies that will further customer loyalty, spread advertising messages, and raise brand awareness.
Besides that, social media has a significant impact when it comes to advertising, spreading
information, promoting, and selling brands.

Young consumers were more likely to pay attention to marketing information from their friends than
anywhere else, due to trust concerns, which often motivated them to purchase (Chen, 2018).

This paper aims to advance the buying habits of generation Z using Instagram, what they buy most
often and which factors most influence their purchase decisions.

GEN-Z

Generation Z is the generation after Millenials, and the generation before Generation Alpha.
Generation Z (also called Gen Z, zoomers or iGeneration) is the name for people who grew up
spanning both sides of the millennium transition. Although there isn’t an exact date range, Generation
Z includes those born between the mid-1990s to the early 2010s.

Generation Z is often described as a more well-educated generation that are more stressed but more
depressed compared to previous generations. They often have high expectations of themselves that are
often not met (Djafarova & Boves, 2021).
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Generation Z, often considered ‘digital natives’, is the first generation to have grown up surrounded by
digital communication (Smith, 2017).

Generation Z has been called the most critical consumer group until now and has a different view of
shopping and consuming than previous generations. They are the latest to enter the workforce and
have strong purchasing power. With a bigger demand for higher-quality items and monitoring their
spending more closely, brands must earn their place in Generation Z’s wallets (Voyado, 2023).

Gen Z use of social media is much different from other generations. However, they are young, and
their habits will continue to change as they mature. The time to understand them is right now, as they
are four times more likely to convert on social media than Millennials. Plus, 95% of Gen Z owns a
smartphone and will spend up to 10 hours a day online.

Gen Z is definitely impacted by social media—in fact, I would argue that they’re the first “true”
generation to be so. They’ve never known a world without social media, and as such it’s always been a
part of their lives. It’s shaped how they communicate, how they think about themselves, and how they
interact with others (Salamander, 2022).

INSTAGRAM

Instagram is a social sharing platform for photography, which started in 2010, and which is two years
later, for a billion dollars, it bought not Facebook, thus taking ownership of it. As of September 2015,
this app allows global advertising (Aslam, 2022).

Instagram has grown into one of the largest social networks in the last few years. Its founders, Kevin
Systrom and Mike Krieger worked in early 2010 on a project initially named Burbn.

Instagram is a popular social networking app with a focus on sharing photos and videos. It's been
around since 2010 and has maintained a high level of popularity by adding innovative new features,
such as Instagram Stories, shopping, Instagram Reels, and more (Moreau 2022).

Instagram is particularly important for fashion brands, given the essential role of the visual element in
promoting fashion products (Jin & Ryu, 2020).

EMPIRICAL FINDINGS

To achieve the goal of exploring the different ways in which social media platform - Instagram, can
influence the consumer decision-making process, we used the inductive quantitative research
approach. A questionnaire was made in 1KA - a one-click survey. There have been 13 questions that

were sent mainly through social media platforms.

The total number of respondents for carrying out a market survey was 75 of this, 54 (72%) were
women and 21 (28%) were men.

We first obtained data on the age structure of the respondents Generation Z. Therefore, a total of 35
respondents were in the age of 18-21 age group and 40 of them were 22-25 years old (Table 1).
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Table 1. Age of the respondents

13-17 0 0%

18-21 35 53%
22-25 40 47%
Total 75 100%

We were interested in the next question how much time spend respondents on Instagram per day. Most
of them (92%) answered that they spend more than 30 minutes on Instagram daily.

Less than 30 minutes = More than 30 minutes

Picture 1. Time spend on Instagram per day

We also wanted to find out which are the most important topics followed on Instagram. They are most
interested in fashion, followed by lifestyle, food, and travel.

Table 2. Instagram topics
9]0,

Fashion 19 27%
Lifestyle 15 20%
Food 13 17%
Travel 13 17%
Sport 7 9%
Art 6 8%
Other (medicine) 2 2%
Total 75 100%

For the next section of questions, we used the Likert scale. As shown in the Picture 2 below, most of
the respondents agreed to being influenced or in some Kind of way affected by the content that
Instagram influencers post on their accounts. Respondents also agreed that when they see Instagram
influencer wear or use a specific item of their interest it makes them long for that product. Precisely,
52 percent of them agreed with that statement. The same percent of people who answered the
questionnaire agreed that when their favourite Instagram influencer/celebrity recommends a product,

they are more likely to try it.
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2 T )

If my favorite Instagram influencer/celebrity
recommends a product, | am more likely to try it.

52% '

When seeing an Instagram influencer wearing/using a
specific item of my interest it makes me long for that
product.

32%

When seeing an Instagram influencer wear/use a
product | become aware of the product.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Strongly disagree M Disagree M Neither disagree nor agree Agree  HStrongly agree

Picture 2. Recent shopping on Instagram

Although people do not completely trust and rely on Instagram to make their purchase decisions, they
do visit it before making any purchases which indicates that Instagram’s influence is genuine and
substantial. The evidence presented is sufficient to reject the claim. (Picture 3)

4% 16% 44% 28% .

| feel Instagram is a reliable source of information about
products | desire.

IST 16% 24% 36% .

I make my purchase based on some sort of review
(Instagram post, video, story or comment).

Zld% | 32% 32% 12%0%

I trust and always rely on Instagram accounts | follow
before making purchase decisions.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly disagree Disagree Neither disagree nor agree Agree  HStrongly agree

Picture 3. Trust in Instagram

We were also interested if they used the Instagram’s “swipe up” feature to buy products. This is the
most direct way of buying from Instagram and 48 percent of respondents agreed that they used this
feature to purchase products. The second statement is also positive, with the same percentage agreeing
to indirectly purchasing from Instagram, which means seeing a product and googling it or searching it
on some other source.
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8% 20%

| use Instagram influencers’ promotional code to get a
discount on products.

| have purchased an item that | saw on Instagram by
Googling it.

.

I ES
o0
2

48%

| have purchased a product by swiping up in an
Instagram story (taking you to another page).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree  m Disagree Neither disagree nor agree Agree  mStrongly agree

Picture 4. Purchases on Instagram
The last question of our research referred to user-generated content. The results showed that

respondents do not post either reviews or photos of their purchased items on Instagram. This was quite
expected since none of the respondents are influencers and they do not have popular accounts.

| discuss my purchases on Instagram because | want to
help out others with their purchases.

| post about my purchases on Instagram to asset
influence.

| post reviews of my purchased items on Instagram.

| post a photo of my purchased items on Instagram.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree mDisagree  m Neither disagree nor agree  mAgree  H Strongly agree

Picture 5. User-generated content on Instagram

CONCLUSION
Instagram was found to be the social media that most affects impulse purchasing within any industry,

mainly due to the importance of the visual aspect in promoting. Generation Z is accepting that social
media is an important part of marketing these days (Aragoncilo, Orus, 2022).
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Instagram has been around for a while and has developed in a way that can be useful to both
consumers and sellers. The big advantage that Instagram, and social media in general, poses over
traditional media is niche advertising. It is quite simple to target a specific audience on Instagram. We
can monetize this specification by showing the product to the specified audience.

Our research indicates that Generation Z likes subtle marketing messages, and this was replicated in
the findings of this research as respondents preferred seeing brand generated content. Although
Instagram has not reached the perfect customer trust phase, as seen in our research, it has a huge
impact on how people perceive products. This means that when Generation Z goes through the
purchase decision process, they will most likely use Instagram to either see how the product looks,
performs, or feels. The research showed that this will lead to the consumer either purchasing directly
or indirectly from Instagram. Furthermore, a big percentage of Gen Z will go directly to Instagram to
purchase the product.

To summarize everything that has been stated so far, Instagram has a significant impact on Generation
Z purchase decisions. If they want to increase profits, the company should target Generation Z mainly
through digital media. Instagram has proven to be the biggest and most profitable medium for
businesses to capitalize upon.
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ABSTRACT

This study aims to identify the key aspects of procurement in the Project Management context and their relation
to project success. Particularly, the effects of selection criteria, supplier integration and the dynamics of
acquisitions are investigated. This study contributes to the literature by analyzing in depth a large sample of
articles that deal with procurement in the Project Management context. This study also presents implications for
practice by exploring how procurement management affects project success. The methodological approach is a
systematic literature review, combining bibliometric and content analysis. The results show that academic
literature focuses on the dynamics of acquisitions, lacking studies on the spectrum of supplier integration and
supplier selection criteria. A strong relationship between the dynamics of acquisitions and project success
dimensions could be established. Several insights into this relationship can be pointed out, as the effect of
synergy with suppliers on the success dimension related to impact on the team. The study contributes by
identifying the relationship between the selection criteria, levels of supplier integration and dynamics of
acquisitions with project success. Possible research gaps and trends are presented for future research.

Keywords: Project Procurement Management; Project management; Construction Management.

INTRODUCTION

In turbulent and complex environments, companies are making even more efforts for greater supply
chain collaboration (Zhang & Cao, 2018). Well-managed partnerships between buyers and suppliers are
useful for achieving collaboration fluency and improving procurement effectiveness (Grudinschi et al.,
2014). Companies have a vital role to play in the overall performance of a project. Select the most
suitable supplier (San Cristobel, 2022), and evaluate are relevant procurement processes for a project’s
success (Araujo et al., 2017), which contributes to the effective management of the supply chain (Rao et
al., 2017). However, the selection of a supplier requires considerable effort in any organization
(Zolghadri et al., 2021). Zolghadri et al. (2021) state that supplier selection has been studied as a
procurement department issue; however, in order to take advantage of collaboration in the supply chain,
the suppliers' integration is both necessary and complex. Collaborative advantages are achieved by
sharing information, synchronizing decisions, sharing complementary resources, and aligning incentives
with suppliers’ costs and risks (Cao & Zhang, 2010). Therefore, company-supplier integration requires
appropriate safeguards and coordination mechanisms to succeed. The higher the level of integration, the
greater the role of suppliers in project decision-making, and different levels of integration will have
distinct impacts on the project’s success (Petersen et al., 2005). The interest in the relationships between
companies and suppliers has increased in many industries, however, there is still a lack of comprehensive
conceptual frameworks. There is a need for practices that allow for a detailed and systemic
understanding of how suppliers are integrated into project-based supply chains (Eriksson, 2015).

This study seeks to narrow the gap by investigating the key aspects of procurement in the project
management context and their relationship with a project’s success. To achieve this goal, a systematic
literature review was conducted, combining bibliometric and content analysis techniques. The following
research questions guide this research:

(RQ1) What are the key aspects in the literature on procurement in project management?
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(RQ2) What is the relationship between procurement management and a project’s success?
PROCUREMENTS IN PROJECTS

Companies are seriously exploring the potential of supply chain management (Gunasekaran et al., 2018).
The procurement process is an area of interest to organizations responsible for project delivery for better
performance in product quality, cost, cycle time, and responsiveness (Sanderson & Cox, 2018). The
procurement process is composed of different stages, each one requiring a specific and careful design
capable of guaranteeing the best possible results (Baldi et al., 2016). Besides, the literature suggests that
supplier performance should be monitored and controlled regularly so that any failures can be identified
and corrected (Ng et al., 2002). The evaluation of the supplier’s performance throughout the project’s
implementation is important to ensure the success of the project (Aradjo et al., 2017). Designing a supply
chain and selecting suppliers to take considerable effort in any organization. The company needs to
understand what is important for it in the selection of a particular supplier or, in other words, it needs to
define the evaluation criteria (Zolghadri et al., 2021). The selection of a supplier is one of the main
activities of the procurement area. Without an adequate and precise method to select the most
appropriate supplier, the performance of the whole project may be affected (Cheng & Li, 2004). This
task is difficult and challenging, replete with many uncertainties. It is a complex process, which requires
individuals to make judgments and decisions and trade-offs between competing goals and limited
resources. The selection of one supplier over another depends largely on the company’s preferences in
terms of evaluation criteria and weights used, and the commitments the supplier is willing to make (Watt
etal., 2019).

Another relevant issue in procurement management is the company-supplier dyad and the form of its
relationship. The literature points out that, to obtain collaborative advantages, the integration of a
supplier into the company is complex (Zolghadri et al., 2021) and involves appropriate guarantees to be
successful, which implies that different levels of responsibility and integration need to be agreed between
the company and the supplier (Petersen et al., 2005). The degree of supplier integration can range from
none to three different levels. These levels can be described as being three boxes, white, grey and black.
In the white level, the supplier is consulted informally on the project, with discussions on specifications
and requirements, but the purchasing company makes all the decisions. In the grey level, the project is a
formalized joint activity, which may include information and technology sharing and joint decision-
making concerning design specifications. Finally, at the black level, the project is a supplier-driven
design based on the company’s specifications, with only a review and agreement of the specification
(Petersen et al., 2005).

PROCUREMENT MANAGEMENT AND A PROJECT’S SUCCESS

Araljo et al. (2017) highlight the importance of suppliers in the success or failure of the project. The
selection and evaluation of the performance of the supplier play an essential role in the development of
the project. Several researchers have developed decision charts to investigate the criteria for the selection
and success rate of suppliers in terms of time, cost and quality. Over the years, however, the selection
process has become increasingly complex, mainly as a result of the continued proliferation of different
procurement methods, the increasing technical complexity of projects (Agarchand & Laishram, 2017),
and the need for greater value for money. Therefore, the classic criteria of time, cost and quality alone
are considered very simplistic in the context of complex project environment and, so, decision
frameworks need to be updated (Naoum & Egbu, 2015, 2016). The current vision of a project’s success
is considered multidimensional (Carvalho & Rabechini Junior, 2015; Shenhar & Dvir, 2007), and this
comprehensive view should also be considered in a procurement management environment. Aiming to
minimizing the gap between what is hired and delivered, the supplier have to fully understand the
company’s needs in the procurement process through extensive information sharing and constant
communication. Only when a binding mechanism motivates information sharing is it possible to achieve
a balanced relationship between the company and the supplier. As the company-supplier mechanism
works, risk-averse suppliers are more likely to collaborate to define project scopes (Cheng & Carrillo,
2012).
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The integration of product and process design decisions made together by companies and suppliers in the
supply chain has been studied from various theoretical perspectives, including transaction cost savings,
relational theory, organizational design, and network governance models. All these theories make clear
that the company-supplier spectrum of supplier integration requires appropriate safeguards and
coordination mechanisms to succeed (Petersen et al., 2005). Cao & Zhang (2010) suggest four
components of the advantages of collaborating in the supply chain: (1) collaborative advantages are
achieved through supply chain partnering activities, such as sharing information, synchronizing
decisions, sharing complementary resources, and aligning incentives with partners’ costs and risks; (2)
the benefits are greater when acting together rather than independently; (3) there are some leverage
effects or synergistic results; and (4) it is not just about collaborative transactions: it involves the joint
creation of knowledge and innovation. Based on this, the authors point to five dimensions of the
advantages of supply chain collaboration: process efficiency, flexibility, business synergy, quality, and
innovation.

RESEARCH METHODS

Aligned with the objective of this study, a systematic literature review was carried out. A systematic
literature review aims to comprehensively identify and synthesize research on a specific topic (Carvalho
et al., 2023) and differs from traditional narrative reviews (Tranfield et al., 2013) because they use
structured, organized, transparent and replicable procedures at each stage of the process (Carvalho et al.,
2023; Littell et al., 2018). One of the main benefits of using this approach is to minimize bias by
completing an exhaustive literature search. There are different ways of conducting a literature review,
including bibliometric analysis, meta-analysis and content analysis (Carvalho et al., 2023).

To obtain an overview of the literature on the topic of interest, procurements in project management, the
ISI Web of Knowledge and Scopus databases were consulted. The Web of Science database was selected
because it contains a variety of world-class research literature linked to a core of rigorously selected
journals; in addition, articles published in indexed journals and with impact factor calculated by Journal
Citation Reports are located on this database. The Scopus database was chosen as the largest database of
abstracts and citations of peer-reviewed literature. The data collection phase was performed, with the use
of the following logical strings and connectors: “procurement” AND “project management”. These
strings were searched in the fields “Topic” and “Article Title, Abstracts, Keywords”. Initially, 301 results
were returned from the Main Collection and 2,314 from Scopus. Then, the results were refined in the
following order: first, the document type was refined to “Article” or “Review” and “Article”, “Review”
or “Article in Press”; second, the language was filtered to “English”; and third, only literatures from the
areas of management, business and operations were considered. For this latter filter, the results were
refined to “Management”, “Operations Research Management Science”, “Business” or “Business
Finance” and “Business, Management and Accounting”. The result of these refinements was a database
composed of 52 Web of Science articles and 440 Scopus articles.

RESULTS

Among the most cited articles, three articles are related to public-private partnerships (PPP). The study
by Bing et al. (2005) focuses on risk allocation in PPP contracts in the United Kingdom and aims to
identify the preference for the allocation of specific risks between the public and private sector and both.
Osei-Kyei & Chan (2015) systematically review the literature on critical success factors for PPP
contracts, in which they present a list containing 37 critical success factors identified from the analysis of
27 articles. The research by Zhang (2015) also deals with critical success factors for PPP contracts.
Zhang (2015) present five critical success factors composed of 47 success sub-factors. The other most
cited studies are related to the dynamics of acquisitions. Kadefors (2004) discusses factors that influence
the development of trust and cooperation between company and supplier. Eriksson & Westerberg (2011)
propose a model for analyzing how procurement impacts project performance criteria, considering the
cooperative environment as a mediating and moderating variable. A recurrent topic of the analyzed
articles is PPPs. The database contains papers about the critical success factors for PPPs contracts
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(Hwang et al., 2013; Li et al., 2005; Osei-Kyei & Chan, 2015; Yuan et al., 2019; Zhang, 2015), the
preference for risk allocation in PPPs (Abednego & Ogunlana, 2016; Bing et al., 2005; Hwang et al.,
2013), relationships that are established in a PPP contract (Smyth & Edkins, 2007) and key performance
indicators for PPPs contracts (Yuan et al., 2019). The two most co-cited studies have as their central
theme partnership in the construction industry. Black et al. (2020) analyze the success factors and
benefits of partnerships. Bresnen & Marshall (2020) study the link between partnerships and cultural
changes within the industry.

TRENDS AND GAPS

The engineering procurement construction (EPC) and PPP methods are highlights in the discussions,
with many articles taking these approaches and reinforcing the value of developing partnerships. The
increasing importance of partnership relationships in the procurement process and supply chain
management stands out in the most recent articles found in the literature. Aspects such as collaboration
and trust are increasingly being considered important issues in procurement management. In EPC studies
the partnership strategy to integrate stakeholders into the project is highlighted as it significantly
facilitates not only design management and risk management, but also improves project performance and
creates strategic long-term benefits (Wang et al., 2016). Other recent issues on EPC procurement are
related to suppliers’ claims (Shen et al., 2017) and procurement processes (Thangavel & Yogananth,
2016).

In PPPs studies, collaborative procurement and trust building mechanisms (Challender, 2017) are
highlighted. Trust issues are proving to be an integral part of stakeholder experiences in procurement
environments, with recognized benefits (Strahorn et al., 2017). In the procurement process, it may be
necessary to consider new perspectives for supplier selection and evaluation, owing to the importance of
having partnerships with suppliers that meet organizational needs (Aradjo et al., 2017). Recent studies on
what are known as social procurements, in which the procurement process is used to leverage extra
social benefits and create social value for local communities, could also be a new research stream. Social
procurements differ from traditional procurements by specifying products in projects that promote or
require suppliers to employ disadvantaged groups in society (ethnic minorities, disabled, long-term
unemployed, ex-offenders, etc.). However, numerous changes would need to be made to the current
procurement process, and this could be addressed in a future research agenda to understand the barriers
to social procurement and the potential role that social enterprises, clients, governments, and other
stakeholders could play (Loosemore, 2016). However, in times of crisis, the effects of the economic
situation on collaborative work with an emphasis on trust in these relationships mean that organizations
return to conventional methods of competitive procurement, seeking to reduce risks and maintain control
(Challender et al., 2016). PPPs studies evaluate whether a project pipeline is an effective tool for
proposal development by suppliers (De Clerck & Demeulemeester, 2016). The effect of corruption is
analysed in procurement management, as it aggravates cost, time, performance, and the benefits
delivered. However, there are different types of corruption and different project characteristics that are
most likely to suffer from it (Locatelli et al., 2017).

CONCLUSION

This study contributes to the literature by analyzing in-depth, a large sample of articles that deal with
procurement in the context of project management. Based on the analysis, it was possible to answer the
two research questions proposed. First, it shows that the academic literature focuses on the dynamics of
acquisitions and lacks studies on the spectrum of supplier integration and supplier selection criteria.
Moreover, the research is concentrated on the construction industry and infrastructure projects, lacking
researches related to other types of projects. Second, the relationship between the dynamics of
acquisitions and success dimensions is well covered by the literature; however, the relationship between
the spectrum of supplier integration and supplier selection criteria with success dimensions is poorly
explored. This study presents implications for practice by exploring how procurement management
affects the project’s success. Several insights of this study have managerial implications, as it shows that
more synergy with suppliers can lead to a positive impact on the team. Besides, focusing more on the
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learning process with the supplier can positively affect the future impact on the company and positively
impact on the customer. Cooperation with suppliers also has a positive effect on the product/service, has
a positive future impact on the company and a positive social and environmental impact.

Furthermore, the study shows the main trends and gaps in the literature. The emerging trend on topics
regarding procurement management appears to be social procurement. There is a lack of studies with a
focus on the relationship between the spectrum of supplier integration, supplier selection criteria, and
success dimensions. These are areas that can be explored in-depth in future researches. The content
analysis also shows that the research in this field is mainly qualitative, through case-based research, so
there is room for future confirmatory studies. In particular, following the research variables and
relationships explored in this study would be helpful in future field researches.

This paper has inherent limitations in the research methods adopted. First, the databases and research
strings selected might lead to limitations in the studied sample. Relevant studies could be missed in our
search mechanisms. The inherent subjectivity of the content analysis process performed by the
researchers also presents limitations, although the selection criteria and the use of three researchers in the
analysis minimize this issue.
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ABSTRACT

The purpose of this research is energy management in residential buildings with emphasis on consumables in
North Khorasan province. For this purpose, in the qualitative part of the research, by studying valid articles,
effective indicators in energy management in residential buildings were extracted and approved by experts in this
field. And a questionnaire based on them was distributed among 25 engineers, contractors and specialists of
construction projects in North Khorasan province. The data obtained using AHP technique with the help of
EXPERT CHOICE software, effective indicators in energy management in the residential buildings of North
Khorasan province have been evaluated and ranked in two levels. Based on the research literature, a total of 18
factors were identified, and these factors are divided into three main factors: cooling, heating and electrical
facilities. The general results of this research showed that among the main factors, the factor of electrical
facilities with a relative weight of 0.460 is in the first place, and among the secondary factors, the factor of
standardization of facilities is in the first place with a relative weight of 0.117.

Keywords: Analytic Hierarchy Process (AHP), Energy management, Residential buildings, Construction
Management.

INTRODUCTION

The heat losses of the building in the walls and roof are more important than the floor because the
building floor is generally placed on the ground, piles, parking lot or cat roads and the heat transfer
through the floor is much less than the walls and the building(Ahmad,2019). The shell of the building
should be built according to the rules of topic 19 of the National Building Regulation to minimize its
energy consumption. Many of the currently constructed buildings have much higher consumption
compared to the energy standards due to the wear of their shell and lack of insulation (Nizami, 2019).
Suitable topography and the conditions in which the building is built can also help to improve its
energy consumption, for example, the presence of a hill or the height around the building helps to
reduce the intensity of the wind and reduce the penetration of air in the building (Lork, 2020). The
placement of trees in the vicinity of the building prevents the summer sun from hitting the wall of the
building, and in winter when the trees lose their leaves, the building is protected from the winter sun to
help with heating (Zamanloo, 2021).

Energy management in the building and energy consumption of the building depends on the amount of
heating, cooling, ventilation and lighting (Antipova, 2016). The building shell affects all these
parameters directly and indirectly. Also, the energy consumption in the building depends on the
geographical and climatic conditions of the region and what season of the year or what time of the day
it is the ceiling and the current market demand for glass wool and moisture and thermal insulation
shows the unfavorable situation of insulation, soundproofing and design in the automotive and
building industry (Diakaki, 2018). Every day, urban households bear large amounts of air pollution,
noise pollution, and the cost of fuel and electricity consumption, with cars and motorcycles causing
70% of air pollution and 90% of noise pollution (Grigoroudis, 2017).The growth rate of consumption
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of energy carriers during the years 1980 to 2006 was 11.98% in the world and 6.3% in Iran, in other
words, during the mentioned period, the growth rate of consumption of energy carriers in Iran was
more than three times the It has been universal(Fathalian,2018). The intensity of energy consumption
in our country is estimated to be more than four times the global average. Thus, to continue the current
trend in energy consumption in the country, in the perspective of 1404, Iran will change from a net
exporter of energy to an importing country and will lose the relative advantages of abundant incomes
from energy exports (Sepehr, 2018).

Therefore, the necessity of managing energy consumption is something that cannot be ignored. The
correct management of energy consumption requires knowing the current situation and the
consumption pattern, planning and applying control to optimize and modify the consumption pattern
(Allahyari, 2020). The purpose of energy management is to reduce and rationalize energy
consumption in a way that has economic justification and at the same time does not lead to negative
effects on the level of well-being and comfort. The world's required energy is consumed in sectors
such as transportation, industries, residential, commercial, services, etc. According to the available
statistics, Iran's residential buildings are the biggest energy consumers in this country (Fei, 2019).0n
the other hand, not only the energy saving potential in the construction and housing sector is generally
more than other sectors, but the reduction of energy consumption in this sector is easier and accessible
with less investment than other sectors (Diakaki, 2018). Therefore, in order to reduce energy
consumption in the world and especially in Iran, one of the effective policies can be the reduction of
energy consumption in the residential sector, reducing the energy consumption of residential buildings
in Iran, especially on a large scale, has a significant effect (Moosavi, 2022). In the whole energy
consumption of the country, in this regard, the clustering of energy consumption behavior of
residential buildings will be very effective.

Therefore, considering the importance of the subject, this research deals with energy management in
residential buildings with emphasis on consumable materials in North Khorasan province and it
answers the question that how is it possible to manage energy in residential buildings with an
empbhasis on consumables in North Khorasan Province?

METHOD

In terms of practical purpose, because the research results can be used in the research community and
can be tested in other communities. From the point of view of the method, it is descriptive, because the
variables are analyzed in their existing state without manipulation, and from the point of view of data
collection, it is field (survey), because we take a sample from the community. It is a survey, the
questionnaire is used as a research tool. In this research, a questionnaire based on the components of
the research model was used to measure the research variables. In this research, the identification and
evaluation of energy management indicators in residential buildings with emphasis on consumable
materials in North Khorasan province was done according to AHP technique using EXPERT CHOICE
software. The target population of this research is the engineers working in the field of construction
and contractors and professionals active in the construction sector in construction projects in North
Khorasan province, numbering 25 people. It is considered to be equal to the population and the whole
population sampling method is used. In this research, 18 indicators were obtained and in total 3
important and effective factors in energy management indicators in residential buildings with an
emphasis on consumable materials in North Khorasan province, which include cooling, heating and
electrical facilities, based on the analysis we have categorized hierarchically.

FINDINGS
Extracting the main factors and secondary factors of energy management in residential

buildings: analysis of research data: First, according to the review of previous literature and
research, and using the opinions of research experts, and in order to identify and rank the factors
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affecting energy management in residential buildings, with an emphasis on consumable materials, a
hierarchical decision tree should be designed. The result of this step is 18 effective factors in the form
of 3 main factors, which are presented and categorized in Table 1.

Table 1: Main factors and secondary factors of energy management in residential buildings
Main factors Secondary factors

Wall insulation

Double glazing of windows

Cooling agent Energy optimization in the engine room

Building floor insulation

Optimization of building materials for cooling
Optimization of materials for heating

Energy meter for heating

Thermal energy recovery device

Double glazing of windows

Using the package in the building

Energy Management

Energy optimization in the electricity sector

The ability to transfer information through the Internet
Software and hardware optimization

Electrical installation operator | Energy management in the rural sector

Using modern equipment

Standardization of facilities

Ability to update facilities

Heating agent

Calculating the weight of the main factors: In the second step, to calculate the relative importance
(weight) of each of the main factors, a questionnaire was prepared and distributed according to the
format of the AHP questionnaire (pair by pair comparison) to obtain experts' opinions. This
questionnaire includes a matrix for pairwise comparison of factors. So there are as many comparisons.
Considering that level one had 3 factors, the number of comparisons or questions is equal to 3. After
completing the questionnaires, the inconsistency rate of each of them was examined separately.
Finally, 25 questionnaires were analyzed and people's opinions were combined using EXPERT
CHOICE software. This software has extensive facilities for obtaining the matrices of pairwise
comparisons of individuals and then combining the matrices of various individuals and converting
them into a single matrix which is obtained through the geometric mean of individual elements of the
matrices of individuals.

Table 2: Combined matrix (geometric) of level one group pairwise comparisons
Main factors A B C weight rating
A (cooling agent) 1 0.600 0.466 0.207 3
B (heating agent) 1.664 1 0.700 0.333 2
C (electrical installations) 2.143 1.428 1 0.460 1
IR=0.00<0.1(incompatibility rate)

The results of the analysis of Table 2 calculated the weight of the main factors show that the factor of
electrical facilities with a relative weight of 0.460 is in the first place, the heating factor is in the
second place with a relative weight of 0.333, and the cooling factor is in the third place with a relative
weight of 0.207. After calculating the geometric mean of experts' opinions, we first normalize the
decision-making matrix of the problem. The linear average method is used to calculate the weighting
of surface components. The results of the calculations are shown in Table 3.

Table 3: Normalized matrix of pairwise comparisons

A B C Summation Weights Rank
A 0.208 0.198 | 0.215 0.621 0.207 3
B 0.346 0.330 | 0.323 0.999 0.333 2
C 0.446 0.472 | 0.462 1.380 0.460 1
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Calculating the weight of level two elements (local weights): The third step is to calculate the
weight of the effective sub-factors in each subgroup, and the results are as described in Table 4:

Table 4: Pairwise comparison matrix of sub-factors of the cooling factor

Cooling agent A Al A2 A3 Ad A5 weights rank

Al 1 0.839 2.698 | 2.277 | 1.108 0.265 2

A2 1.192 1 2.180 | 2.489 | 1.436 0.291 1

A3 0.371 0.459 1 0.828 | 0.606 0.114 5

A4 0.439 0.402 1207 |1 0.643 0.125 4

A5 0.902 0.696 1650 | 1556 |1 0.205 3
IR=0.00<0.1

The results of the analysis of table 4 calculated the weights of sub-cooling factors show that the factor
of double-glazing windows with a relative weight of 0.291 is in the first place, followed by the factor
of insulation of walls with a relative weight of 0.265 in the second place and the factor of optimizing
materials The cooling building is ranked third with a relative weight of 0.205, and the insulation factor
of the building floor is ranked fourth with a relative weight of 0.125, and the energy optimization
factor in the engine room is ranked fifth with a relative weight of 0.114. Finally, the inconsistency rate
of the desired matrix is equal to (IR=0.00) and because this value is less than 0.1, therefore, there is
consistency in the judgment of the experts in the pairwise comparisons of the desired matrix.

Table 5: Pairwise comparison matrix of sub-factors of the heating factor

Cooling agent B Bl B2 B3 B4 B5 B6 weights rank
Bl 1 2.510 1891 | 0.852 | 1.724 | 1.069 | 0.219 2
B2 0.398 1 1.010 | 0.438 | 0.655 | 0.522 | 0.098 6
B3 0.529 0.990 1 0.486 | 0.718 | 0.480 | 0.105 5
B4 1.174 2.282 2058 |1 1944 | 1.212 | 0.241 1
B5 0.580 1.526 1392 | 0514 |1 0.735 | 0.138 4
B6 0.935 1.916 2.081 |0.825 |1360 |1 0.199 3
IR=0.00<0.1

The results of the analysis of Table 5 calculated the weights of sub-factors of heating shows that the
factor of double glazing windows has a relative weight of 0.241 in the first place, followed by the
factor of optimizing materials for heating with a relative weight of 0.219 in the second place and the
factor of energy management is The relative weight of 0.199 is in the third place, and the factor of
using the package in the building is in the fourth place with a relative weight of 0.138, and the factor
of thermal energy recovery device is in the fifth place with a relative weight of 0.105, and the factor of
energy meter for heating is in the sixth place with a relative weight of 0.098. Finally, the inconsistency
rate of the desired matrix is equal to (IR=0.00) and because this value is less than 0.1, therefore, there
is consistency in the judgment of the experts in the pairwise comparisons of the desired matrix.

Table 6:Pairwise comparison matrix of sub-factors of electric facilities

Cooling agent C Cl C2 C3 C4 C5 C6 C7 weights rank
C1 1 2421 | 2393 | 2.332 | 0.701 | 0.550 | 0.997 0.165 3
C2 0.413 1 0.919 | 1.185 | 0.476 | 0.316 | 0.534 0.080 6
C3 0.418 1.088 1 1.393 | 0.438 | 0.315 | 0.703 0.087 5
C4 0.429 | 0.844 | 0.718 1 0.426 | 0.376 | 0.584 0.076 7
C5 1.427 2.102 | 2.281 | 2.346 1 0.789 | 1.648 0.200 2
C6 1.817 3.162 | 3.171 | 2.662 | 1.267 1 1.874 0.255 1
C7 1.003 1.872 | 1.423 | 1.713 | 0.607 | 0.534 1 0.137 4
IR=0.01<0.1

The results of the analysis of table 6 calculated the weights of sub-factors of electrical facilities show
that the factor of standardization of facilities has a relative weight of 0.255 in the first place, followed
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by the factor of using modern equipment with a relative weight of 0.200 in the second place and the
factor of energy optimization in the electricity sector is The relative weight of 0.165 in the third place
and the facility update factor with a relative weight of 0.137 in the fourth place and the software and
hardware optimization factor with a relative weight of 0.087 in the fifth place and the factor of the
ability to transfer information through the Internet with a relative weight of 0.080 The sixth rank and
the factor of energy management in the rural sector is ranked seventh with a relative weight of 0.076.
Finally, the inconsistency rate of the desired matrix is equal to (IR=0.01) and because this value is less
than 0.1, therefore, there is consistency in the experts' judgments in the pairwise comparisons of the
desired matrix.

The final weight of the indicators: The final weight of the elements of each group is equal to the
product of the local weight of the elements in the weight of the group head (main factors) and the final
rank of each of the effective factors in energy management in residential buildings is determined. The
results of this step are shown in Table 7.

Table 7: Ranking of the effective factors in energy management in residential buildings

Secondary Secondary Final Rank

Main Factors Weight Factors Factors Weight Weight (Priority)
Al 0.265 0.055 9
A A2 0.291 0.060 8
(Cooling) 0.207 A3 0.114 0.024 17
Ad 0.125 0.026 16
A5 0.205 0.042 11
Bl 0.219 0.073 5
B2 0.098 0.033 15
B 0.333 B3 0.105 0.035 14
(Heating) ' B4 0.241 0.080 3
B5 0.138 0.046 10
B6 0.199 0.066 6
C1l 0.165 0.076 4
C2 0.080 0.037 13
c C3 0.087 0.040 12
(Electrical installations) 0.460 ¢4 0.076 0.035 14
C5 0.200 0.092 2
C6 0.255 0.117 1
Cc7 0.137 0.063 7

It should be noted that economic justification and investment restrictions are the most important
effective factors in any energy replacement program. Therefore, in the first step, all renewable energy
sources should be carefully examined and the energy potential and density determined in different
locations. In short, replacing energy requires decision-making, thinking and planning, and finally
investment. It is also necessary for international institutions to provide appropriate financial support
for new energy conversion programs. Apart from this, development requires more technological
progress and this goal can be achieved through increasing research programs and also through
extensive technical cooperation at the world level, and this requires intelligent thinking and correct
ideas. Due to the change in the exploitation techniques of reserves and energy supply sources, the
prices of energy extracted from different sources are fluctuating. Having up-to-date information,
especially with the high speed of information transmission through the Internet, it is possible to choose
optimal solutions and suitable sources of energy supply and to change the type of energy for efficient
use in the building. The use of solar energy, wind, ground heat, etc. can be used not only individually
but also in combination at the same time. Finally, fossil fuel subsidies are a global obstacle in the
development of renewable systems. Currently, the gradual removal of this subsidy has been accepted
in our country and is being gradually implemented. According to the existing records in the field of
energy management, this is in the form of regulations on how to control energy in the housing,
industry and transportation sectors, incentive policies and the use of energy labels in energy-
consuming devices, and in addition, the imposition of double taxes on Fossil fuels have been used in
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some countries. Gilani and Mohammad Kari (2017), in order to use the passive solar system,
simulated the performance of the solar greenhouse in Ardabil city as a cold climate and determined the
most suitable direction for this system. They did the use of solar thermal cells has also been studied as
a necessary energy supplier. Of course, the efficiency of solar systems depends a lot on environmental
parameters, and in areas where the air temperature is higher and the amount of radiation is higher, the
efficiency and the amount of cooling produced by active solar air conditioning systems are higher.

CONCLUSIONS

In order to know the sources of energy loss in residential and commercial buildings, it is necessary to
conduct a general energy audit (energy audit) in them and compare the results with a relatively ideal
model of a general example of the building in order to determine the sources of energy loss and
Necessary measures should be taken to fix it. If the energy audit is done correctly and according to a
specific and calculated instruction, it can be a guide line for those who are responsible for controlling
energy consumption and guide them in the direction of their responsibility. In order to provide a
suitable and relatively ideal model for buildings in terms of energy consumption, it is necessary to pay
attention to the building from all angles or to determine the important points from the point of view of
energy loss in buildings in order to be able to find the desired model in based on these parameters.
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ABSTRACT:

Uncertain business conditions and the struggle for survival in the market force organizations to improve their
business processes and build their competitive advantage on that basis. When it comes to the achieved degree of
business improvement and competitiveness of companies, there is a difference between developed countries and
developing countries. The process of globalization has enabled market conditions for the development of
companies in developed countries. On the other hand, companies from developing countries, due to inadequate
productivity, low quality, outdated equipment and technology and inadequate application of modern
management methods and tools, face difficult challenges to fight for their place in the international market. The
paper shows the role of the Six Sigma method and the TQM concept in improving the business performance of
the company. Based on the application of the mentioned concepts companies create favorable frameworks for
improving the quality and competitiveness of business, by improving their business.

Keywords: Six Sigma, TQM concept, quality, competitiveness.

INTRODUCTION

Organizations face many market challenges in today's business environment. The struggle for a market
position and for its further development is difficult due to increasing competition. Success in the
market is guaranteed to those who have satisfied users who remain loyal to them. In order to satisfy
their users, they must provide them with a satisfactory level of quality of their products and services.
Quality is a factor by which organizations achieve a competitive advantage in the market.
Organizations use different methods and tools to improve the quality of business, while reducing costs
and achieving the highest possible level of product and service quality. The paper shows the effects of
applying Six Sigma and TQM concepts in different companies, with a focus on the key benefits
brought by their application in business. While the Six Sigma concept focuses on error reduction and
business improvement, the TQM concept represents the most general quality management concept that
takes into account the interests of all stakeholders of the organization.

SIX SIGMA CONCEPT

The concept of Six Sigma is an increasingly frequent subject of research, both in the academic and
business fields, due to its financial impact and the impact it has on the level of customer satisfaction.
The application of the concept of Six Sigma in business leads to an increase in financial performance
in the short term (Thomas, Barton et al. 2009), leads to a reduction in costs (Anchanga, 2006),
achieves an improvement in customer satisfaction and cost savings (Sharma 2003). In service
organizations, the application of the Six Sigma concept enables the achievement of operational
excellence, cost reduction and the application of quality standards (Barrios, Jimenez, 2016).
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The modern business environment imposes the need for managers responsible for quality assurance to
often combine the Six Sigma approach with the Lean concept and thus the Lean Six Sigma approach
appeared (Drohomeretski et al., 2014). Therefore, it has become imperative for organizations to
implement six sigma and lean approaches in order to improve the quality of their goods and services
and to achieve a competitive advantage in the market by reducing costs (Sujova et al., 2016).

Lean Six Sigma is recognized as a business strategy for improving the competitiveness of companies
through customer delight and improved results (Sordan et al., 2020). This approach can fit well into
the DMAIC (Define, Measure, Analyze, Improve, Control) phases for effective project
implementation, both in the manufacturing and service industries. This approach uses tools from the
Lean Thinking and Six Sigma methodologies to increase speed and accuracy (Gijo et al., 2019), but
also to achieve competitive advantages (Bhat et al., 2021). One of the principles on which the Six
Sigma method is based refers to a maximum of 3 to 4 product defects per million manufactured
products (Drohomeretski, et al., 2014). Six Sigma is complementary with ISO standards and
companies that have implemented 1SO standards in their business achieve better results with Six Sgma
concept than is the case with non-certified companies.

A survey (Erturk et al., 2016) conducted among white goods companies in Turkey indicated that the
implementation of the Six Sigma approach contributed 20-39% to new technology development, 40-
59% to new product development, 20-39% to the number of innovations, 80~100% to costs in
productivity and profitability, 60-79% in competitiveness and customer satisfaction, 40-59% in
employee satisfaction and 60-79% in market share. Through the conducted research, it can be
concluded that defining the approach to measurement, analysis, improvement and control of the Six
Sigma approach refers to the ability of organizations to improve the cost effectiveness of its quality,
such as prevention costs, evaluation costs, internal failure costs and external failure costs (Prashara,
2014).

TQM CONCEPT

Organizations strive to improve their competitiveness in the market by applying various quality
improvement strategies. It strives towards to continuously improve quality in all phases of production
and processes related to the provision of services in order to achieve user satisfaction, with efficient
doing of jobs and achievement of economic excellence (Alzoubi, Ahmed, 2019).

The research results (Yanamandra, Alzoubi, 2022) showed that maximum value, minimum waste and
continuous improvement are related to the ability of these organizations to improve the effectiveness
of their quality-related costs - prevention costs, evaluation costs, internal failure costs and external
failure costs (Alkunsol et al., 2019).

TQM is a systemic approach to management that aims to continuously increase customer value
(Ulevicz, Skovron-Novicka, 2017), design and continuous improvement of organizational processes
and systems. TQM is a way of thinking about goals, organizations, practices and people to ensure that
they are doing the right things (Bajaj et al., 2019; Eniola et al., 2019). TQM is focused on quality
awareness through all organizational processes (Siviec, Pacana 2019). TQM is a way of life and part
of the culture of an organization. The implementation of this concept requires radical changes in the
organizational culture and structure, which implies redefining the connections within the company and
between the company and its stakeholders. TQM is a corporate culture characterized by increasing
customer satisfaction provided by continuous quality improvement involving all employees. In the era
of increasing competition, the fight for customers on the market is provided by companies that set
above-average criteria for the quality of their products and services (Kumar, Sharma, 2018).

Organizational performance is directly related to investment in human capital. The result of the
research (Yusr, 2016) showed that TQM practices have a superior role in strengthening innovative
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capabilities. This claim is supported by the RBV theory, where the theory emphasizes the role of
valuable resources that a company can possess in building certain salient capabilities.

The research (Obeidat et al., 2018) aimed to investigate the relationship between human resource
management, total quality management and competitive advantage. The impact of human performance
management in the implementation of the TQM concept gave the following results: training and
development have the greatest impact on TQM practice, followed by recruitment and selection of
employees, performance appraisal and finally compensation and rewards. The results indicated the
existence of a statistical impact of total quality management practices on competitive advantage,
where strategic management has the strongest effect in achieving competitiveness, then employee
empowerment and continuous improvement, and finally customer satisfaction and leadership.

The results show that the TQM concept is still used by many organizations around the world and that
it successfully helps the organization improve its competitiveness, business growth and sustainability,
as well as increase employee morale (Permana et al., 2021).

There is no specific agreement on the elements that make up TQM and still the elements differ among
different researchers around the world (Corredor, Goni, 2011). There are a total of eight heterogeneous
TQM elements after similar elements are combined into one category of elements that make up
leadership, strategic planning, total quality management, process management, product and service
design, employee management, customer relationship management, and information and analysis
(Yeng et al., 2018).

The concept of TQM is a key element for achieving excellent organizational performance, a key
indicator of a company's ability to compete in the market, and a key factor for achieving competitive
advantage. Therefore, the TQM concept has a great impact on customer satisfaction, competitive
power and innovation of the company (Yousif et al., 2017).

The research (Kisel'akova et al., 2020) showed that the size of the company has a statistically
significant influence on the use of the TQM concept, while among obstacles for the application of this
concept, the most common workforce and lack of financial resources stand out. This study determined
the relatively frequent use of the TQM concept in developed countries, while its application affects
sustainable growth and competitiveness in the market environment around the world.

APPLICATION OF SIX SIGMA AND TQM CONCEPTS IN COMPANIES IN SERBIA

Good QM practice in Serbia is being improved, both in the organizational (IMS) and technical (Six
Sigma) aspects, and a good basis is being created for the adoption of TQM in manufacturing
companies from different sectors. It can be expected that these results will facilitate the adoption of the
overall TQM culture in Serbia and influence its future sustainability (Majstorovic, Sibalija, 2015).
Research results (Stojiljkovi¢, 2013) indicate that the majority of foreign companies operating in the
territory of the Republic of Serbia apply the Six Sigma concept. Regarding the use of the Lean concept
and Six Sigma, Serbia is still inferior compared to developed countries. However, an increasing
number of managers in domestic companies successfully promote these principles and indicate the
possibility of increasing the performance of business processes and reducing waste, without large
investments (Stojanovi¢, Milovanovié¢, 2020).

The subject of the research was the impact of total quality management on the creation of value for
customers and owners, where the relationship between the key factors of total quality management and
the marketable, i.e. financial performance of the company's operations was analyzed on a sample of
141 companies operating in the territory of the Republic of Serbia. Regarding financial performance,
TQM factors of focusing on employees, continuous improvement and socially responsible business
showed a statistically significant positive impact on ROE (Return on Equity), while the factors of
customer orientation, commitment of top management, process approach, continuous improvement,
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information and analysis, and corporate social responsibility showed a statistically significant positive
impact on ROS (Robot Operating System) (Milovanovi¢, JanoSevi¢, 2019).

Based on the TQM philosophy, the family of international standards 1SO 9000 is defined to guide
companies towards continuous improvement of business quality. Given that TQM is considered a kind
of business philosophy, these standards represent a certain form of its materialization. Ineffective
implementation may be the result of unrealistic expectations, deficiency of belief in success,
deficiency of motivation and inability to implement change. Unclear priorities and conflicting goals of
companies most often result in a negative impact on the attitude of employees towards quality.

CONSCLUSION

The research results presented in the paper indicate the importance of the application of Six Sigma and
TQM concepts in business. The concept of Six Sigma leads to increased financial performance,
reduced costs and increased customer satisfaction. This concept has a positive impact on the
development of new technologies and innovations. By applying the TQM concept, organizations
achieve business excellence and greater customer satisfaction through continuous quality
improvement. Organizations that use these two concepts ensure a higher level of product and service
quality, as well as the entire business, while the effect of applying these concepts is very pronounced
when it comes to achieving a competitive advantage in the market. The results of the research
indicated that companies in Serbia increasingly recognize the importance of applying the Six Sigma
concept as an effective tool for improving business processes and reducing costs and defects.
Domestic companies implement the philosophy of the TQM concept through the implementation of
the I1ISO 9000 standard, where the effects are noticeable in improving the financial and market
performance of the business. Future trends in the implementation of these concepts in the business of
domestic companies can expect their greater application, which will result in competitive and
sustainable business.

REFERENCES

Alkunsol, W. H.., Sharabati, A. A., AlSalhi, N. A., & EITamimi, H. S. (2019). Lean Six Sigma effect on
Jordanian pharmaceutical industry’s performance, International Journal of Lean Six Sigma, 10(1), 23-
43. https://doi.org/10.1108/1JLSS-01-2017-0003

Alzoubi, H., & Ahmed, G. (2019). Do Total Quality Management (TQM) Practices Improve Organizational
Success? A case study of electronics industry in the UAE. International Journal of Economics and
Business Research, 17(4), 459-472. https://doi.org/10.1504/1JEBR.2019.099975

Anchanga, P. (2006). Critical success factor for lean implementation within SMEs. Journal of Manufacturing
Technology Management 17(4), 11. https://doi.org/10.1108/17410380610662889

Bajaj, S., Garg, R., Sethi, M., & Dey, S. (2019). Classification and positioning of TQM practices for
implementation in steel industries. International Journal of Quality & Reliability Management. 36 (9),
1556-1573. https://doi.org/10.1108/1JQRM-07-2018-0196

Barrios, M. A. O., & Jiménez, H. F. (2016). Use of six sigma methodology to reduce appointment lead-time in
obstetrics outpatient department. Journal of Medical Systems, 40(10), 293-302.
https://doi.org/10.1007/s10916-016-0577-3

Bhat, S., Gijo, E. V., Rego, A. M., & Bhat, V. S. (2021). Lean Six Sigma competitiveness for micro, small and
medium enterprises (MSME): an action research in the Indian context. The TQM Journal, 33(2), 379-
406. https://doi.org/10.1108/TQM-04-2020-0079

Corredor, P., & Gofii, S. (2011). TQM and performance: Is the relationship so obvious? Journal of Business
Research, 64(8), 830-838. https://doi.org/10.1016/j.jbusres.2010.10.002

Drohomeretski, E., Gouvea da Costa, S. E., Pinheiro de Lima, E., & Garbuio, P. A. D.R. (2014). Lean, Six
Sigma and Lean Six Sigma: an analysis based on operations strategy. International Journal of
Production Research, 52(3), 804-824. doi:10.1080/00207543.2013.842015.

Eniola, A. A, Olorunleke, G. K., Akintimehin, O. O., Ojeka, J. D., & Oyetunji, B. (2019). The impact of
organizational culture on Total Quality Management in SMEs in Nigeria. Heliyon. 5 (8).
https://doi.org/10.1016/j.heliyon.2019.e02293

52


https://doi.org/10.1108/IJLSS-01-2017-0003
https://doi.org/10.1504/IJEBR.2019.099975
https://doi.org/10.1108/17410380610662889
https://doi.org/10.1108/IJQRM-07-2018-0196
https://doi.org/10.1007/s10916-016-0577-3
https://doi.org/10.1108/TQM-04-2020-0079
https://doi.org/10.1016/j.jbusres.2010.10.002
https://doi.org/10.1016/j.heliyon.2019.e02293

EMC 2023, 16-17th June 2023, Zrenjanin, Serbia

Ertirk, M., Tuerdi, M., & Wujiabudula, A. (2016). The effects of six sigma approach on business performance:
A study of white goods (home appliances) sector in Turkey. Procedia-Social and Behavioral
Sciences, 229, 444-452. https://doi.org/10.1016/].sbspro.2016.07.154

Gijo EV., Antony, J., & Sunder M, V. (2019). Application of Lean Six Sigma in IT support services—a case
study. The TQM Journal, 31(3), 417-435. https://doi.org/10.1108/TQOM-11-2018-0168

Kiselakova, D., Gallo, P., Cabinova, V., & Onuferova, E. (2020). Total Quality Management as managerial tool
of competitiveness in enterprises worlwide. Polish journal of management studies, 21.
10.17512/pjms.2020.21.2.14

Kumar, V., & Sharma, R. R. K. (2018). Leadership styles and their relationship with TQM focus for Indian
firms: An empirical investigation. International Journal of Productivity and Performance Management.
67 (6), 1063-1088. https://doi.org/10.1108/1JPPM-03-2017-0071

Majstorovic, V., & Sibalija, T. V. (2015). From IMS and six sigma toward TQM: an empirical study from
Serbia. The TQM Journal, 27(3), 341-355. https://doi.org/10.1108/TQM-12-2013-0130

Milovanovié, V., & Janosevié, S. (2019). Total quality management in the function of value creation: View from
the strategic management perspective. Ekonomika preduzeca, 67(5-6), 319-333.
DOI:10.5937/EKOPRE1906319M

Obeidat, D., Yousef, B., Tawalbeh, H. F., & Masa'deh, R. E. (2018). The relationship between human resource
management (HRM) practices, total quality management (TQM) practices and competitive
advantages. Total Quality Management (TQM) Practices and Competitive Advantages (December 12,
2018). Modern Applied Science, 12 (11). https://ssrn.com/abstract=3300265

Permana, A., Purba, H. H., & Rizkiyah, N. D. (2021). A systematic literature review of Total Quality
Management (TQM) implementation in the organization. International Journal of Production
Management and Engineering, 9(1), 25-36. DOI: https://doi.org/10.4995/ijpme.2021.13765

Prashar, A. (2014). Adoption of Six Sigma DMAIC to reduce cost of poor quality. International Journal of
Productivity and Performance Management, 63(1), 103-126. https://doi.org/10.1108/1JPPM-01-2013-
0018

Sharma, U. (2003). Implementing Lean principles with the Six Sigma advantage: How a batterycompany
realized significant improvements. Journal of Organizational Excellence 22 (3), 9.
https://doi.org/10.1002/npr.10078

Siwiec, D., & Pacana A. (2019), The Use Of Quality Management Techniques To Analyse The Cluster of
Porosities on the Turbine Outlet Nozzle, Production Engineering Archives. 24, 33-36.
https://doi.org/10.30657/pea.2019.24.08

Sordan, J.E., Oprime, P.C., Pimenta, M.L., Chiabert, P., & Lombardi, F. (2020), Lean Six Sigma in
manufacturing process: a bibliometric study and research agenda, The TQM Journal, 32 (3), 381-399.
https://doi.org/10.1108/TQM-08-2019-0207

Stoiljkovié, V. (2013). Lean u zdravstvu [Lean in Health]. Nis: Despot book.

Stojanovié, J., & Milovanovi¢, G. (2020). The importance of lean manufacturing and six sigma concept for
quality management of supply chain business processes. Facta Universitatis, Series: Economics and
Organization, 285-297. https://doi.org/10.22190/FUE0O200118021S

Sujova, A., Simanova, L., & Marcinekova, K. (2016). Sustainable Process Performance by Application of Six
Sigma Concepts: The Research Study of Two Industrial Cases, Sustainability, 8, 260.

https://doi.org/10.3390/su8030260

Thomas, A., R. Barton, et al. (2009). Applying lean six sigma in a small engineering company - a model for
change. Journal of Manufacturing Technology Management 20 (1), 16.
https://doi.org/10.1108/17410380910925433

Ulewicz, R., & Skowron-Nowicka, M. (2017), Total Quality Management in the Practice of Polish Metallurgical
Enterprise, 26th International Conference On Metallurgy And Materials, 2338-2343

Yanamandra, R., & Alzoubi, H. M. (2022). Empirical investigation of mediating role of six sigma approach in
rationalizing the COQ in service organizations. Operations and Supply Chain Management: An
International Journal, 15 (1), 122-135. https://doi.org/10.31387/0scm0480335

Yeng, S. K., Jusoh, M. S., & Ishak, N. A. (2018). The impact of total quality management (TQM) on competitive
advantage: a conceptual mixed method study in the Malaysia luxury hotel industries. Academy of
Strategic Management Journal, 17(2), 1-9.

Yousif, A. S. H., Najm, N. A., & Al-Ensour, J. A. (2017). Total quality management (TQM), organizational
characteristics and competitive advantage. Journal of Economic & Financial Studies, 5(04), 12-23.

https://doi.org/10.18533/jefs.v5i04.293

Yusr, M. M. (2016). Innovation capability and its role in enhancing the relationship between TQM practices a nd
innovation performance. Journal of Open Innovation: Technology, Market, and Complexity, 2(1), 1-15.
https://doi.org/10.1186/s40852-016-0031-2

53


https://doi.org/10.1016/j.sbspro.2016.07.154
https://doi.org/10.1108/TQM-11-2018-0168
http://dx.doi.org/10.17512/pjms.2020.21.2.14
https://doi.org/10.1108/IJPPM-03-2017-0071
https://doi.org/10.1108/TQM-12-2013-0130
https://ssrn.com/abstract=3300265
https://doi.org/10.4995/ijpme.2021.13765
https://doi.org/10.1108/IJPPM-01-2013-0018
https://doi.org/10.1108/IJPPM-01-2013-0018
https://doi.org/10.1002/npr.10078
https://doi.org/10.30657/pea.2019.24.08
https://doi.org/10.1108/TQM-08-2019-0207
https://doi.org/10.22190/FUEO200118021S
https://doi.org/10.3390/su8030260
https://doi.org/10.1108/17410380910925433
https://doi.org/10.31387/oscm0480335
https://doi.org/10.18533/jefs.v5i04.293
https://doi.org/10.1186/s40852-016-0031-2

X111 International Symposium Engineering Management and Competitiveness 2023 (EMC 2023)
16-17th June, Zrenjanin, Serbia

DIAGNOSTICS OF AIR CONDITIONER FAILURES AS ADIGITAL
SYSTEM

Spasoje Erié¢
Higher Technical School of VVocational Studies, Zrenjanin, Republic of Serbia

E-mail: erics@ptt.rs
Aleksandar Raji¢
Higher Technical School of VVocational Studies, Zrenjanin, Republic of Serbia
Ivan Palinkas
Higher Technical School of VVocational Studies, Zrenjanin, Republic of Serbia

ABSTRACT

The paper presents the diagnosis of air conditioner malfunctions. The air conditioner as a digital system works
according to the established algorithm, i.e. in the sequence of actions that start one after the other. Parts of the air
conditioner can be in working condition (1) or in failure (0), so malfunctions can be easily diagnosed. The aim of
the paper is to present the work algorithm and the procedure for detecting failure and its elimination.

Keywords: Air conditioner, Fault diagnosis, Digital system.

INTRODUCTION

Technical maintenance of the system (machines and plants) is a set of procedures and activities whose
purpose is to prevent the occurrence of failure (or downtime), as well as to return the system to a
working condition, in the shortest possible time and with the lowest possible costs, under the given
conditions of the environment and work organization. (Adamovi¢, Lazi¢ & Petrovi¢, 2007)

The air conditioner is a device used for indoor regulation of the temperature. These devices, depending
on the version, have the purpose of cooling or heating the air in the room. They are made as one-part
(window air conditioner, portable - penguin air conditioner...), two-part - split system (indoor and
outdoor unit) or multi (one outdoor and several indoor units). During operation, the air conditioner
also purifies the air, as well as dehumidifies the air in the cooling mode. (Eri¢, Raji¢ & Stojanovic¢
2022)

The most commonly recognized benefits associated with successfully detecting and diagnosing faults
in air conditioning systems are (1) reducing energy consumption and (2) reducing maintenance costs.
The fault detection and diagnosis benefit the occupant and homeowner through reliable comfort and
reduced maintenance cost, but also can benefit many other entities. The dealer, installer, and service
company could also pay for access to the fault detection and diagnosis data, in order to receive
feedback about their services and to improve air conditioning systems in following areas: reduced
maintenance cost; reduced electricity cost; improved commissioning; reduced peak demand; reduced
carbon emissions and electricity cost. (Rogers, Guo & Rasmussen, 2019)

Split-type air conditioners are getting more popular because of an ease of installation on existing
buildings and high energy efficiency (Donghyuk, Sukkyung, Jaisuk, Dong-Kwon & Baek, 2021).
Currently, split systems, due to their greater prevalence and longer appearance and operation as
ON/OFF systems (compared to newer inverter devices), have a greater occurrence of failures, but also
an easier and faster way to detect the failure and eliminate it.
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The paper presents a general approach without detailed measurements. The measurements performed
during diagnostics are measurements with a unimeter, where resistance, amperage, capacitance and
current voltage are measured. Measurements with a manometer, fluid pressure measurements during
cooling mode and heating mode are also performed. Using a thermometer, the ambient temperature
and the output air temperature are measured. We measure the weight of gas according to
manufacturer's specifications when filling the air conditioner or refilling, using a digital scale.

TECHNICAL DIAGNOSTICS AND AIR CONDITIONER

The structure of Technical Diagnostics includes two interconnected directions:
- The theory of finding (recognition), and
- Trait control theory.

The theory of recognition is used to establish diagnostic models of observed object, and also to
develop a recognition algorithm and correct understanding of the solution. The theory of property
control includes the development of means and methods for obtaining diagnostic information, control
of the object technical condition and finding malfunctions. (Adamovi¢, 2007)

A basic view of the structure of the air conditioner can be given through the classic feedback loop of
automatic control, (see also Figure 1).

U(p) X(p) Y(p)
— > W(p) >

H(p)

Figure 1: Automatic control feedback loop

A working subsystem can be shown as:

F(p)=W(p)-X(p) (1)

While the transfer control function of the system can be given as:

W, (p) W(p)

~1+W(p)-H(p)

Air conditioners (ON/OFF) are intended primarily for cooling, but they can also be used for heating.
They have less application in heating compared to inverter devices due to the consumption of
electricity. Electricity consumption is lower in heating mode compared to cooling.

2

The split system (ON/OFF) consists of one external and one internal unit, which contains the
electronics that control the operation of the air conditioner (see also Figure 2).
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A

Figure 2: Split air conditioner

The internal unit of the air conditioner consists of the following parts: plastic casing, honeycomb,
electronics, power cable, turbine, turbine motor, probes (ambient and pipes), transformer and air guide
motor (blades). The outdoor unit consists of the following parts: casing (metal or plastic), honeycomb,
compressor, fan, four-way valve, spool, and in some cases probe. The units are connected with two
pipes (liquid and gas) as well as a five-wire communication cable, and in the case with an external
probe, a two-wire cable was added. The presented parts are applied in the most common cases.

TYPES OF FAILURE DIAGNOSTICS

Types of failure diagnostics can be divided into two groups:
- diagnostics based on error display i
- diagnostics of the algorithmic approach.

Diagnostics based on error display means detecting a failure based on what the indoor unit signals.
This signaling can be in two ways depending on the model and age of the device. Older devices
signaled by a combination of flashing lights (number of flashes and on/off), which was interpreted for
each device, depending on the manufacturer, from the given error tables. Newer devices use error code
display in a combination of letters and numbers. This is shown in Table 1.

Table 1: List of faults of the Volt air conditioner

Display Problem description
El Indoor unit air sensor error
E2 Indoor unit suction pipe temperature sensor error
E3 Outdoor unit pipe temperature sensor failure
E4 Leakage or failure of the refrigerant system
E6 Poor indoor unit fan motor operation
E7 Outdoor unit suction temperature sensor failure
EO Indoor and outdoor unit communication error
E8 Outdoor unit discharge temperature sensor failure
E9 IPM outdoor unit inverter compressor failure
EA Outdoor unit current overload
EE Outdoor unit inverter PCB EEPROM error
EH Outdoor unit fan motor failure
EF Outdoor unit suction temperature sensor failure

The diagnosed error that the electronics of the air conditioner displays is an error based on the
parameters that the device collects during operation, but quite often, for some reason, those parameters
are disturbed, so the error is not found somewhere else.

Algorithmic approach diagnostics is fault detection by monitoring the operation of the device step by
step. This procedure can be applied for the reason that the start and operation of the air conditioner is
done in a patterned manner, so the detection of the fault can be performed by monitoring the moment
of the error occurrence.
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The first method gives an error display, and also in the troubleshooting instructions it also gives a
proposal of the algorithm for detecting it. Combining these two methods will get to the cause of

malfunction.
Table 2: Algorithm of fault finding and elimination
Action Device response a_nd possible Error finding and removal
malfunction

Checking the voltage in the socket
Dismantle the indoor unit
Checking the voltage on the board at the points of

No sound signal arrival of the power cable
Checking the fuse
Checking the transformer

Power on

Replacement or repair of electronics

Error message or flashing lights

Measure the resistance of the indoor unit probes

The air deflector blades are not
moving

Replace the stepper motor of the router

Error message or flashing lights

Turn on the fan mode
Replace the turbine motor

Switching on the
air conditioner in
the cooling mode

Sound signal

Wing opening
Starting the turbine engine

Error display

Check the probe of the outdoor unit if there is
one

Check the connections of the communication
cable on the outdoor and indoor units

The fan on the outdoor unit does not

Check the fan capacitor

start Replace the fan motor
Check the compressor capacitor
Fuse blowing Check the communication cable

Check the cables on the compressor

The compressor does not start

Check the compressor capacitor

Check the cables on the compressor

Measure the resistance of the compressor
connections

The compressor turns off

Check the freon pressure
Check the ambient probe

Icing of indoor unit

Check the freon pressure

The set temperature is not achieved

Check the freon pressure
Check the dirtiness of the filter, turbine and comb

Switching on the
air conditioner in
the heating mode

Sound signal
Wing opening
Error display

Check the probe of the outdoor unit if there is
one

Check the connections of the communication
cable on the outdoor and indoor units

No spool sound is heard

Check and replace the spool
Defective four-way valve

Fuse blowing

Check the compressor capacitor
Check the communication cable
Check the cables on the compressor

The compressor does not start

Check the compressor capacitor

Check the cables on the compressor

Measure the resistance of the compressor
connections

The compressor turns off

Check the freon pressure
Check the ambient probe

The set temperature is not achieved

Check the freon pressure
Check the dirtiness of the filter, turbine and comb
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DIAGNOSTIC OF MALFUNCTIONS USING ALGORITHMIC APPROACH

The air conditioner is a digital system made up of parts that are connected into one unit and function
according to the (ON/OFF) principle, and therefore the application of the algorithmic method of fault
detection is a convenient solution for diagnostics. Algorithmic representation can be given
schematically or tabularly. In the presented table, procedures are given, i.e. starting of device elements
in sequence, possible error and its elimination. This is shown in Table 2.

In the table 2, the actions carried out by the user or service technician are presented in the first column.
The second column represents the answer, i.e. response to the action not performed according to the
order that the air conditioner carries out according to the memory in the electronics of the air
conditioner. The third column is the diagnosis of the error, the procedure of the necessary
measurements and the necessary replacement of parts.

Each listed problem also contains a separate work algorithm for solving and repairing. Algorithms for
monitoring the workflow, detecting errors and repairs are provided by manufacturers according to a
list of printed errors that may appear on the device screen or flashing lights. The presentation of the
problem solving algorithm can be seen individually on Midea's example for models with LEDs (see
also Figure 3).

Operation lamp flashes and Timer lamp on.

Is connection to connector good?

l No
Yes

Replace the sensor Repair connector

Operation lamp off and Timer lamp flashes

Operation lamp off and Timer lamp flashes

v

After changing the main control board, check if the failure releases .
Yes l

o v

i ?
The voltage of power supply is too low (less than 187V)? Indoor PCB is defective
Yes No

Power supply fault Outdoor unit fault (such as the compressor)

Figure 3: Layout of the algorithm as indicated by the lights of the manufacturer Midea

CONCLUSION

The paper presents an overview of the air conditioner with a description of the working principle, the
starting order of the parts, and fault diagnosis. Also, presents a theoretical approach to the problem
with a practical implementation for troubleshooting. The work is divided into several segments that
are parts of a more complex process, and each segment could be approached individually and in more
detail in the elaboration and elimination of malfunctions and problems in the operation of air
conditioners.

58



EMC 2023, 16-17th June 2023, Zrenjanin, Serbia

REFERENCES

Adamovi¢ Z., Lazi¢ Lj., Petrovi¢ S. (2007), Odrzavanje tehnickih sistema, Beograd, Akademija inZenjerstva
odrzavanja.

Adamovi¢, Z., (2007), Pouzdanost hidraulickih sistema, Beograd, Srpska Akademija inZenjerstva odrzavanja.

Donghyuk K., Sukkyung K., Jaisuk Y., Dong-Kwon K., & Baek Youn. (2021). A study on the quantitative
single and dual fault diagnosis of residential split type air conditioners in static operation using support
vector machine method. International Journal of Refrigeration. 131, 206-217.

Erié S, Rajié¢ A., Stojanovi¢ Z. (2022), Dijagnostika stanja i tehnicko odrzavanje klima uredaja, Zrenjanin, DIT
broj 37, 33-38.

https://cdn.vanguardngr.com/wp-content/uploads/2019/01/air-conditioners.png, (Accessed on 17.05.2022).

https://www.manualslib.com/manual/537652/Midea-Msh-07crn1-Msh-07hrn1-Msh-09crn1-Msh-09hrn1-Msh-

12crn1-Msh-12hrnl.html?page=31#manual, (Accesed on 28.10.2022.).

Raicevi¢, Z. (2009), Servisiranje i montaza Split klima uredaja, Regionalni centar za obrazovanje odraslih
Tehnicka skola “Novi Beograd”, Beograd.

Raicevi¢, Z. (2009), Servisiranje kucnih rashladnih uredaja, Beograd, Regionalni centar za obrazovanje odraslih
Tehnicka skola “Novi Beograd”.

Rogers, A.P., Guo, F., Rasmussen, B.P. (2019). A review of fault detection and diagnosis methods for residential
air conditioning systems. Building and Environment. 161, 106236.

59


https://cdn.vanguardngr.com/wp-content/uploads/2019/01/air-conditioners.png
https://www.manualslib.com/manual/537652/Midea-Msh-07crn1-Msh-07hrn1-Msh-09crn1-Msh-09hrn1-Msh-12crn1-Msh-12hrn1.html?page=31#manual
https://www.manualslib.com/manual/537652/Midea-Msh-07crn1-Msh-07hrn1-Msh-09crn1-Msh-09hrn1-Msh-12crn1-Msh-12hrn1.html?page=31#manual

X111 International Symposium Engineering Management and Competitiveness 2023 (EMC 2023)
16-17th June, Zrenjanin, Serbia

KEYBOARDS AS INPUT DEVICES: STANDARDIZATION AND
FUTURE TRENDS

Goran Janackovi¢
University of Nig, Faculty of Occupational Safety, Nig, Republic of Serbia
E-mail: janackovic.goran@gmail.com
Dejan Vasovié¢
University of Nig, Faculty of Occupational Safety, Nig, Republic of Serbia
Bojan Vasovi¢
Toplica Academy of Applied Studies, Department of Business Studies, Blace, Republic of Serbia
Violeta Mili¢evic
Toplica Academy of Applied Studies, Department of Business Studies, Blace, Republic of Serbia
Zoran Jovanovié¢
Toplica Academy of Applied Studies, Department of Business Studies, Blace, Republic of Serbia

ABSTRACT

Although computer systems have been significantly improved in recent years, basic means of human-computer
communication on desktop or portable devices has not changed a lot. The most common input devices are still
keyboards. The existence of touch screens on smaller laptops and maobile devices made it possible to replace the
physical keyboard with a virtual one, but the communication process itself remained almost unchanged.
Numerous standards have been defined for the keyboard as an important input device, which describe its
desirable characteristics from the point of view of functionality and ergonomics. Often, these characteristics can
have a significant impact on the way of use, and directly or indirectly on the userfs health. The adaptability of
the keyboard and the properties of the switches can greatly improve the user experience, eliminate non-
physiological positions of users and decrease load on the joints of fingers and hands. This paper presents
representative ISO standards that refer to keyboards as input devices and their most important characteristics.

Keywords: Keyboard, Standardization, Requirements, Safety, Ergonomics

INTRODUCTION

The development of computer systems, especially expressed during the 1970s and 1980s and the
microcomputer revolution, led to their indispensable application not only in the work environment, but
also outside it. The majority of employees use desktop or portable devices every day, and almost all of
them have mobile devices. According to Hedge (2017), this caused a technological shift from paper to
computer, but there was also a significant need to consider the ergonomic aspects of such an adapted
work environment, as well as to consider computer components, their characteristics and impact on
users. A number of influential factors in the work environment initiated the need to use certain
approaches, such as the systemic approach, or method, such as systemic risk analysis (Savil et al., 2021).
This led to the identification of various desirable characteristics that should be possessed by a computer
system and its components, as well as the development of various standards in the domain of human-
computer interaction and user interfaces (Hedge, 2017; Norman and Kirakowski, 2018; Janalkovil et al.,
2022).

Despite the significant development of computers and peripheral devices, the most common form of
communication with these systems is using a keyboard. Depending on the type of system, they can be
physical or virtual. In both cases, the communication process is carried out by entering text, numbers or
special characters, that is, by executing certain special functions displayed on the keys, physical or
virtual. This paper presents the representative 1ISO standards that refer to these input devices and some of
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