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Abstract

The factors that cause the bullwhip effect are described well in the goods
supply chain, but those factors have different validity regarding services.
Five different situations could explain the bullwhip effect in service supply
chains. Those are backlogs, customer feedback frequency, the return point,
waste impact, and the lack of administrative data. Within the scope of
research, we are trying to examine the causes of the bullwhip effect in the
service sector in Turkiye. Therefore, a company in the telecommunications
industry within the service sector in Turkiye was chosen as the scope of the
research. In this case, the sample was selected according to the probability
of case occurrence instead of random sampling because of the ongoing
research to develop the theory in the service sector. For these reasons,
research is exploratory research. In this context, the data collected by
interviews was classified with content analysis and tried to illuminate the
research question and fifteen propositions associated with research
questions. The causes of the bullwhip effect are discussed within the limits
of samples.

Keywords: Service supply chain, bullwhip effect, supply chain

Ozet

Kirbag etkisine neden olan faktdrler mal tedarik zincirinde iyi tanimlanmisg
ancak bu faktorlerin hizmetlere iligkin gecerliligi tartismahdir. Hizmet
tedarik zincirlerinde kirbag etkisini bes farkli durum agiklayabilir. Bunlar
birikmis isler, musteri geri bildirim sikhigi, geri donis noktasi, atik etkisi ve
idari veri eksikligidir. Aragtirma kapsaminda Trkiye'de hizmet sektdriinde
kirbag etkisinin nedenlerini incelemeye ¢alisiyoruz. Bu nedenle arasgtirmanin
kapsami olarak Trkiye'de hizmet sektoriinde yer alan telekomunikasyon
sektoriinde bir sirket segilmistir. Bu durumda, hizmet sektoriinde teoriyi
gelistirmek icin devam eden arastirmalar nedeniyle 6rneklem, tesadifi
ornekleme yerine vakanin ortaya ¢ikma olasihigina gore secilmistir. Bu
nedenlerden dolay:r arastirma kesfedici aragtirmadir. Bu baglamda
gorismeler yoluyla toplanan veriler igerik analizi ile siniflandirilarak
aragtirma sorusu ve arastirma sorularina iliskin on bes ©nerme
aydinlatilmaya calisilmistir. Kirbag etkisinin nedenleri 6rneklem sinirlary
dahilinde tartisilmastir.

Anahtar Kelimeler: Hizmet tedarik zinciri, kamg¢ etkisi, tedarik zinciri
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INTRODUCTION

Bullwhip effect can be defined as demand fluctuations seen in the steps of the supply chain from
manufacturers to retailers (Lee, Padmanabhan and Whang, 1997: 96). Bullwhip effect, or in other words,
the increase of demand fluctuations, can occur not only following the exchange between the supply
chain members but also between different departments of the same company, which has an independent
order policy (Holweg, 2005: 173). The reasons that cause the bullwhip effect are divided into four main
factors. Those are non-zero demand signal processing and lead time, batch sizing, price fluctuations,
and shortage games (Towill, Zhou and Disney, 2007: 446). According to Towill et al. (2007: 449),
solutions to reduce the bullwhip effect can be divided into two main categories: improving each supply
chain unit's operational contribution and efficiency, enhancing supply chain structure, and developing
relationships within the supply chain. Towill’s other article with McCullen (2002: 171) divides them
into four categories. These are sharing information within the data point of sale, creating groupings
within the channel to exchange decision-making rights, reducing order lead time, and eliminating
forecast updates._Wikner, Towill and Naim (1991: 243) have grouped the solutions under five main
headings. These five main headings are improving the decision-making rules of each level, better
transforming the regulations to be used between the levels, reducing postponements, removing some
distribution steps, and ensuring a better flow of information sharing throughout the channel. On the other
hand, Lee et al. (1997: 46) grouped under three headings: information sharing, channel integration, and
operational efficiency.

However, these studies conducted in goods supply chains have different validity regarding
services. There is a growing literature on the bullwhip effect in the service supply chain. Akkermans
and Voss showed in their study in 2013 that there is a bullwhip effect in the service supply chain.
Anderson, Morrice and Lundeen (2005: 220) explained the dynamic behavior of service supply chains
through diversifying demand and information sharing. Like manufacturing supply chains, service supply
chains must also carefully balance their supply with demand. Analyzing demand patterns and their
subsequent variations is crucial to improving service supply chain management (Ramish, Hamid and
Nadarajah, 2022: 287). This study provided the infrastructure conditions for the bullwhip effect in
services. Since there is no area in the service supply chain where final products can be stocked, as in the
classical product supply chain, service providers must arrange their workload very well. While some
researchers position the service supply chain only under the service sector (Ellram, Tate and Billington,
2004: 25), others say the service supply chain should be placed under the production and service sectors.
This is because many sectors have a mixed supply chain network, meaning they must keep stocks and
backlogs under control. Five reasons that may cause the bullwhip effect in service supply chains are
backlogs, increased customer contact frequency, return point, waste effect, and lack of managerial
understanding (Akkermans and Voss, 2013: 775).

Within the scope of the research, we examined the reasons for the bullwhip effect in the service
sector in Tlrkiye. For this reason, this study focused on a company in the telecommunication sector
within the service sector in Turkiye. This choice is because the ongoing research in the service sector
aims to develop the theory. In this case, we employed the logic based on the possibility of repeating the
selected sample instead of the random sampling logic. In this sense, the research is exploratory. In this
context, the data collected by the in-depth interview method was classified by the content analysis
method, and the study's central question and fifteen related propositions were tried to be elucidated.
Within the limits of the sample, the possible causes of the bullwhip effect were discussed.

In this context, the data collected by the in-depth interview method was classified by the content
analysis. The central question of the research and fifteen related propositions were elucidated. Within
the limits of the sample, the possible causes of the bullwhip effect were discussed. The factors that cause
the bullwhip effect in the service sector in Turkiye have been clarified. Consistent with the prior
empirical findings (Akkermans and Voss, 2013), results revealed serious evidence regarding the backlog
of work, frequency of customer feedback, and lack of managerial data. However, the findings showed
no supporting evidence regarding the return point and waste impact. In this sense, while contributing to
theory development efforts in this field, we aimed at pioneering studies on this subject in Tirkiye,
potentially shaping future research and academic discourse. In addition, the study included propositions
to investigate the origins of these reasons. Besides, we identified the effects of errors in information
processing, decision-making, and implementation regarding work accumulation. The authors further
observed that business accumulation increases the frequency of customer feedback. Study results
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indicate that a decrease in service quality and increased repetitive tasks cause a reduction in productivity.
However, our findings yielded no relationship between the decline in productivity and the occurrence
of a return point. The waste impact could not be detected during the automation process because the
relevant company's workload was not in this area. Lastly, the results suggest that the need for a
managerial perspective and supply chain perspective plays a significant role in forming managerial
knowledge deficiency.

1. Service Supply Chain

Those working on service operations management have researched the service supply chain
more than those working on supply chain management. One of the arguments is that trying to explain
the service supply chain with models developed based on classical product supply chains neglects the
nature of the service supply chain (Sampson, 2000: 350). Researchers from this perspective point out
that the service supply chain is a network, not linear, like the classical supply chain. In addition, service
is fundamentally shaped by being in contact with the customer during service delivery (Cook, Goh and
Chung, 1999: 326). It is a value created by the service provider and the customer (Vargo and Lusch,
2004: 2). Since there is a situation of co-creating value, it is possible to talk about a two-way flow
(Sampson, 2000: 350). Therefore, it is possible to define service as the mutual interaction process of the
producer and the customer. Rather than a process, the service supply chain is a network of multiple
process management units that direct interdependent service processes. The process management unit
refers to the companies, customers, or customer associations participating in the process (Sampson,
2012: 184). Several distinct differences between goods and services affect the structure of the service
supply chain. For example, creating warehouse areas to meet excess demand is impossible. Instead,
work for piles up; there is waiting in queues, or an appointment system is used (Rajani, Heggde, Kumar
and Bangwal, 2023: 2814). In addition, demand management is also frequently used in the service
sector. For example, in air transportation, demands are managed through space control (Kimes, 1989:
351). The most distinguishing factor in the service process is the participatory role of customers. Based
on this fact, it is a reality that while customers are the group that causes a great diversity in service,
customers are also in the group that complains about the inconsistency of services. It is possible to talk
about five different varieties in the service sector. These are emergence diversity, demand diversity,
feasibility diversity, subjective preference diversity, and stimulated customer diversity (Frei, 2006: 92).

2. Bullwhip Effect on the Service Supply Chain

Although service supply chains have some similarities with goods supply chains, they have
significant differences, such as the service sector and reasons for the bullwhip effect. Creating business
accumulation rather than constructing warehouse areas is the critical element of the service supply chain.
The interaction between workload and quality causes fluctuation, which causes errors to increase as we
move up the supply chain, and the increase in these errors causes the workload to increase again. Sales
campaigns, overtime, and errors triggered by volatility cause more volatility (Akkermans and Voss,
2013: 772). In another study, Anderson et al. (2005: 220) investigated the conditions in which the
bullwhip effect can be seen in the service sector through the system dynamics model and the conditions
in which the bullwhip effect shows an increasing impact instead of a decreasing effect in the supply
chain phase. According to the results found here, the bullwhip effect increases at every level of the
supply chain with the increase in underlying demand, and this leads to the expansion of the bullwhip
effect literature. Accuracy of demand information reduces the fluctuation range in the decision to
increase capacity to meet demand. However, reducing first-tier service deferrals increases capacity
volatility, which increases hiring, training, firing, and related costs, while backlog volatility decreases.
As the backlog decreases, something must absorb demand uncertainty and capacity in the service sector.
Therefore, there is a trade-off between reducing backlog variance and increasing capacity cost. Five
reasons that may cause the bullwhip effect in service supply chains and their interaction are discussed
below (Akkermans and Voss, 2013).

2.1. Backlog

Ellram et al. (2004: 25) have stated that delays in the managerial control cycle are crucial to the
occurrence of the bullwhip effect. What can be added to this premise is that backlog diversity is a
manifestation of the bullwhip effect in the service sector (Anderson et al., 2005). Researchers studying
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control theory and system dynamics have suggested three types of postponement, from the occurrence
of a change in the physical system to the implementation of actions that will correct the change in this
physical system (Akkermans and Voss, 2013: 773). (1) Errors or delays in the information processing
process: How long does the company realize it needs to increase capacity? (2) Errors or delays in the
decision-making process: How long did the firm decide what action to take? (3) errors or delays in the
implementation process: How long did it take the company to implement its decision on capacity
adjustment?

2.2. Increase in Frequency of Customer Contact

Customers are co-producers of services, and when there is a problem with service production,
they tend to contact units directly at the next level within the service supply chain. This contact is usually
made by phone or e-mail. Additionally, the number of callers is one of many determinants of the volume
of customer contacts. Another reason for the increase in customer contact is the frequency of contact. A
company that receives one or two calls per customer per year under normal circumstances may make
one or two calls daily when a problem is encountered until the issues are resolved. Research in the
retailing literature shows that the longer these problems last, the more annoying customers can become.
Therefore, as the problem of customer pool grows, the additional calls from these customers also
increase (Anderson et al., 2005: 221). Customers' contact with companies and the impact of these
communications varies greatly. However, delays in meeting customers' needs or problems in the service
sector cause backlogs. This leads to an increase in the frequency of customer contact (Akkermans and
Voss, 2013: 774).

2.3. Return Point

If employees do not have to work overtime for long periods in a row, they will not have difficulty
completing their daily tasks and will have a small amount of extra workload. The constant increase in
workload, in return, can lead to everything going wrong after a certain amount of procrastination since
the accumulated workload exceeds what employees can handle. This will reduce productivity and
increase errors. If this process continues, the number of accrued jobs will increase exponentially, and at
some point, employees will drown in the work swamp. This is called a rework cycle (Olivia and Sterman,
2001: 896) and is consistent with tipping point behavior (Akkermans and VVoss, 2013: 778). If something
is quietly increasing, nothing is visible in the first place. However, after a return point is encountered,
significant changes in behavior and events are observed, as if everything happened simultaneously.
Employee burnout is observed as the time to return to normal takes longer. As employee morale and
capacity decline, more employees take sick leave than usual. The increase in employee turnover further
reduces capacity, and the situation worsens (Olivia and Sterman, 2001: 897). Business accumulation
also leads to changes in customers' behavior. Under normal circumstances, customers who meet with
helpful, understanding, and polite employees tend to be more patient to receive the best response to their
requests. Nevertheless, this situation changes when under pressure. As workload increases and employee
morale simultaneously decreases, they begin to need more time and ability to deal with customers
appropriately. This situation causes customers' behavior to change negatively. Patience and goodwill
evaporate in a very short time. Customer contacts and complaints are increasing (Akkermans and Voss,

2013: 779).

2.4. Waste Impact

Quality-related issues disproportionately impact employee needs in highly automated service
processes. Take, for example, a situation where, under normal circumstances, five percent of customers'
queries fail to be answered automatically. This five percent slice is defined as order waste. The
information technology system provides error warnings for these queries, which are transferred to the
standard service process as order waste. Employees resolve these five percent of queries. Suppose that
a five percent point in customer inquiries answered by the automated system is exceeded. In that case,
this may seem reasonable, but if this increase continues to grow from five percent to ten, the need for
the number of employees to whom these problems will be transferred doubles. Thus, decreases in quality
or increases in problems considered relatively reasonable in automated service processes cause
significant increases in workload requirements. The increase in workload is more tremendous in
automated service processes than in non-automated service processes. This increase is a potential cause
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of the bullwhip effect for both the focal company and the supply chain. Quality problems such as rework
caused by waste constitute a significant part of the backlog. A slight increase in sales in an automated
process results in a significant increase in order waste. The customers with orders that cause this increase
are the group that increases the searches. The waste impact within an imperfect information technology
system causes increased demand upstream within the supply chain (Anderson et al., 2005: 222).

2.5. Lack of Administrative Data

The bullwhip effect may only sometimes occur due to a triggering reason, such as a sales
increase or technical problems. Proper capacity planning, rapid communication, and rapid response to
unexpected situations can prevent this. If managers need help understanding the root of the problem,
they will need to learn precisely how to avoid delays and volatility from occurring. If data is available
but needs to be more straightforward for managers to read, they may need to recognize the increase in
service backlog. For example, although waste effects manifest themselves routinely over time, managers
may perceive this as something other than the beginning of a problem. Weekly management reports
focus on orders received, competition, and managerial objectives, and the one or two situations where
things could be going smoothly, which lead to small backlogs compared to orders received, are of little
importance. Customer contact increases due to customers needing to be deemed worthy of reporting to
managers (Akkermans and Voss, 2013: 778). However, managers have a high tendency to look at flow
rates rather than looking at the accumulation of work accumulation. This creates a situation called
stock/flow error. One of the reasons for this situation is that managers focus only on their own companies
and do not overthink situations beyond the company's borders. The main reason for this is that managers
in the service sector need a supply chain perspective. If managers do not tend to see the process from
one end to the other, that is, in its entirety, they will ignore incoming data about this situation (Anderson
et al., 2005: 223).

3. Research Methodology

Although the concept of goods supply chain is well defined, definitions of service supply chain
are still open to debate. There is an obvious connection as we talk about the flow of tangible physical
products in the commodity supply chain. These open links are the shortcomings of the service supply
chain (Akkermans and Voss, 2013). Several distinct differences between goods and services affect the
structure of the service supply chain (Rajani et al., 2023). Most of the four major causes of the bullwhip
effect listed by Lee et al. (1997) appear to be related to goods rather than services. For example, bulk
purchasing of services is not possible. For this reason, questions arise about the origin of the bullwhip
effect in the service supply chain. What are the managerial actions triggered by or affected by the
bullwhip effect? When these questions began to be discussed, research on the bullwhip effect in the
service sector began to increase. It was put forward to talk about the bullwhip effect; the event must
occur within the supply chain structure, there must be observable triggers, a delay must happen, and,
most importantly, a fluctuation.

The scope of this research is limited to companies in Tirkiye's service sector. This study focused
on the telecommunications sector, considering that the ongoing research in the service sector is aimed
at developing the theory. In this case, the logic based on selecting the sample from industries likely to
be repeated or where similar studies have been conducted was used instead of random sampling logic
(Eisenhardt, 1989: 541). In this study, we employed critical situation sampling to determine the sample.
For this reason, department employees of a leading company in the telecommunications sector, which
is known to be subject to the bullwhip effect, were included in the sample. Critical situation sampling is
used in the presence of essential situations. A critical situation is in question when an event is expected
to occur in one place, and the same event is likely to appear in similar situations. “It is the presence or
absence of a judgment that if this group encounters this problem, all other groups encounter a similar
problem.” Despite these judgments, critical situation sampling does not allow generalization. However,
if rich and convincing data can be obtained as a result of the research, a limited generalization can be
made (Yildirim ve Simsek, 2008: 110).

We employed an in-depth interview method, one of the qualitative research techniques. In-depth
interviews are one of the most frequently used methods in social sciences. “It is defined as a mutual and
interactive communication process based on questioning and answering style, carried out for a
predetermined serious purpose” (Yildirim and Simsek, 2008:119). As an In-Depth Interview method, a
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standardized open-ended interview approach was used because it reduces the bias or subjectivity of the
interviewer. This approach minimizes subjectivity and bias, making it easier to analyze and increasing
reproducibility. However, it can prevent the emergence of previously unforeseen events (Malhotra,
2020: 166).

Based on the findings of the research by Akkermans and VVoss (2013), we investigated the causes
of the bullwhip effect in the service sector in Tirkiye and made managerial suggestions in this field
while attempting to contribute to the theory-building effort pioneered by Akkermans and Voss.

In this context, the following research questions and propositions were created.

RQ: What factors caused the bullwhip effect to emerge in Tirkiye's service sector?

P1: Errors in information processing cause backlogs.

P2: Errors in the decision-making process cause work to pile up.

P3: Errors in the application cause work to accumulate.

P4: Increases in backlogs cause a bullwhip effect.

P5: The accumulation of work causes an increase in customer callbacks regarding these works.

P6: Increases in the frequency of customer feedback cause a bullwhip effect.

P7: Increasing workload causes work efficiency to decrease.

P8: A decrease in people's service quality causes a reduction in work efficiency.

P9: Decreased work productivity causes a return point to occur.

P10: The occurrence of the return point causes the bullwhip effect to occur.

P11: Increased automation of services increases waste impact.

P12: Increases in the waste effect cause a bullwhip effect.

P13: Lack of managerial understanding causes an inability to access administrative data.

P14: Lack of supply chain perspective causes lack of access to administrative data.

P15: Lack of administrative data causes a bullwhip effect.

4. Analysis and Results

The content analysis method reached concepts and relationships that could explain the collected
data. In this context, the data was coded within the framework of predetermined concepts shown in
Table 1. Then, themes were determined, and the data were defined according to these codes and themes.
Finally, the findings were interpreted.

Table 1: Pre-Prepared Code List regarding The Causes of the Bullwhip Effect

Possible Causes Antecedents of Causes
Errors Resulting from Information Processing
Backlog Errors Arising from The Decision-Making
Process
Errors Arising from The Application Process
Customer Feedback Frequency Postponed Work

Work Efficiency

Return Point Personal Service Quality
Repetitive Tasks

Waste Impact Impact of Automation

S Lack of Managerial Perspective
Lack of Administrative Data Lack of Supply Chain Perspective

The people we interviewed using the in-depth interview method within the scope of this research
are in an institution that provides internet service in the telecommunications sector. In addition to this
primary service, the relevant institution offers its customers services that are close to the leading service.
Within the scope of the research, to understand the process well and to fully handle the process from a
distance, the authors consulted an expert from the purchasing department working under the supply
chain management unit regarding the purchase of the necessary supplies for the service, a senior
marketing manager involved in corporate marketing strategies, and customer relations. A sales manager
who works jointly with the management, an expert from the sales department who makes the sale in
delivering the service to the end consumer, a person working in the call center, which is a function of
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the sales channel and stands out as the point where customer feedback is collected, and the necessary
personnel in the process. Interviews were held with a human resources expert who had the information.
With the information provided by these people, the authors attempted to determine the leading causes
of the bullwhip effect in the service supply chain. In this context, using the telecommunications sector
is deemed appropriate for the current study, given that its existence has been proven in various articles
on the industry, which supports the principle of selecting a sector previously validated by empirical
research.

As previously stated in the literature stage, the factors causing the bullwhip effect are grouped
under five main headings: backlog, customer feedback frequency, return point, waste impact, and lack
of managerial data. By researching the factors that are effective in forming these main headings, we
attempted to make the analysis easier and gain information about the origins of the problems. To talk
about the existence of the bullwhip effect, the relevant company must be included in the supply chain.
There must be a visible disorder. Thirdly, there must be postponements. Finally, the fluctuation must
appear. In this context, the company we consider is in a service supply chain. They are disturbed by the
periodic increase in customer feedback. During this process, it is observed that waiting times for new
jobs are increasing. It has been observed that, in specific periods, the increase in sales within the
company remained lower than the increase in customer feedback in the relevant periods. In the same
period, the total increase in customer feedback fell behind the total increase in negative feedback as a
percentage. This shows the existence of fluctuation.

Between the emergence of physical problems in the formation of the bullwhip effect and the
implementation of the necessary precautions, errors will occur in three different stages. These are errors
in the information-processing process, errors in the decision-making process, and errors in the
implementation phase. These errors are related to how long it took to notice the problem, how long it
took to decide to solve the problem, and how long it took to put this decision into practice.

In the interviews about errors in the information processing process, the length of time it takes
to notice the problem has been observed. The interviewer's opinion in the sales department on this issue
is as follows.

“We sometimes give targets to channels. These targets can sometimes fall far short. In this case,
we are investigating the reasons. Workload analyses are performed. "The load amount of the work we
do, that is, the density during the day, is determined, and human resources determine the situation of
excess or understaffing.”

This stage is revealed in the meeting with the sales manager after the necessary sales figures are
checked and the feedback received from the customers is evaluated. Regarding expectations, what can
be done if such problems arise is ignored at the first stage.

“If 1 evaluate the infrastructure personnel needs from my perspective in the first place, we
prepare a report in project-based studies and calculate what kind of things we need, especially in terms
of personnel and technical, infrastructure, and administrative terms. An evaluation is made with returns
on one side and costs on the other. We try not to change these needs, costs, and personnel needs too
much within the project. However, from time to time, some projects progress much faster than we
expected. For example, a channel with a target of 500 or 1000 reacts well above expectations and says
you can make 2000 sales through me. The request comes from the customer, but we cannot respond
immediately. At this stage, we need to revise our expectations. Considering it within the scope of such
a project, it does not take less than two months to perceive this.”

However, since the necessary workload studies are carried out only a few years and are handled
at the request of the relevant department, errors in the information processing process cause work to
accumulate on people. This confirms the first proposition.

“This study is not carried out every year. A study is carried out per the department's or top
management's request. This is done following demand rather than a periodic increase.”

Errors in the decision-making process arise from delays. In the relevant discussions on this
subject, it was seen that the decisions may differ in terms of strategic importance. Still, if the applicable
regulations about department budgets can be met, decisions can be made quickly and avoid causing too
many problems in this context. However, it has been observed that making strategically essential
decisions causes delays due to managerial decisions going through multiple levels, meetings being held
to obtain the necessary approvals, and thoroughly explaining the problem taking longer. In this regard,
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since the decision-making process continues with insufficient capacity, work accumulates until this
process is corrected. This situation confirms the second proposition.

““Since such decisions come from senior management, this process can be time-consuming. It
can take months. Capacity increase is a decision made by the senior management. If it is large, but if it
is small, for example, we need voice-over on television, and this can be solved within 1 to 2 weeks, but
this is subject to the budget limits of the department.”

“It is about how much the capacity will be increased; it is impossible to increase the capacity
that exceeds the general budget. However, the senior managers are contacted first if a capacity increase
does not exceed the general budget. Then, the relevant unit is contacted, and the necessary procedures
are carried out. While these processes take an average of 15 to 20 days, the necessary decision is made
in around 45 days.”

The fact that implementation takes a relatively shorter time than other processes after the
decision-making phase is over due to training and that this training period is immediately put into
practice because the employees perceive it as a phase of the decision-making process shows that no
different problems are encountered at this stage. Although the education process is seen as the only
postponement at this stage, this factor confirms the third proposition. In other words, mistakes in
implementation cause backlogs.

“After the decision is made, it is implemented within a week. It is presented to senior
management through the management decision system. Work begins as soon as senior management
approves this system. Tenders are being held. Furthermore, people are wanted. Problems are resolved
within a week at most.”

At this stage, as stated in the literature, the formation of business backlogs for the three reasons
listed above is the cause of the potential bullwhip effect. The feedback received and the fact that there
is an increase in negative feedback in this context support these views. It may create the problems and
fluctuations necessary to talk about the bullwhip effect. Even server-related errors that speakers consider
a minor problem exponentially increase customer and negative feedback rates. In this context, the fourth
proposition, that backlogs are a reason for the bullwhip effect, remains valid for the Turkish
telecommunications sector.

“Of course, in the end, let me say this: even though our subcontractor provides us with a special
service, we receive feedback about it (regarding its quality) because we offer this service to our
customers. We have provided over 400 meeting transfer services, and although customer feedback is
generally positive, we have received a small number of negative complaints. However, the malfunction
in the servers on a particular day was the main reason for these complaints.”

Interviews show that business accumulation has led to an increase in the frequency of customer
feedback. What is meant by frequency in this feedback is repetitive feedback, as stated in the literature.
In other words, specific customers increase the number of conversations they have with the service
provider due to the problems they encounter. These can generally be viewed as negative feedback. The
longer this backlog lasts, the more customers and employees will be affected and tense, causing this
discussion to continue. This effect was tried to be eliminated thanks to the HRpartner system established
within the company. Still, this process only has little effect other than accelerating the situation
assessment within the company and shortening the time for customer relations. The relevant research
also supports the accuracy of the fifth proposition.

“We generally get positive feedback. We convey negative feedback to subcontractors so that
they can make the necessary adjustments. However, | must say that negative feedback usually comes
from the same customers, and they do not stop calling until their problems are resolved.”

It is thought that increases in the frequency of customer feedback will naturally increase
customer feedback. Since the rise in this frequency generally comes from customers who encounter
negative situations, the proportional increase in feedback and negative situations will multiply each
other. For this reason, it is seen that it will cause fluctuations when compared to the sales figures of the
relevant company. This idea is supported by the data obtained in the in-depth interview.

“Some days, | even think | talk to the same people repeatedly. We constantly face the same
problems. Later, when this period ends, | can complete the day with fewer meetings.”

The authors observed that senior managers skip the periods when productivity decreases,
perhaps because they cannot obtain an individual impression when evaluating this. They think that the
necessary evaluations only occur sometimes when productivity decreases due to factors such as the low
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frequency of busy periods when the required working hours are adhered to. This suggests that a sub-
cause related to the return point will not occur. However, studies conducted in human resources show
the opposite result. Findings of the current study revealed that employees think that the increase in
working hours, in which their workload increases, although periodic, affects their productivity, and at
the same time, they are unhappy because they do not see the reward of this overwork. It is possible to
observe that the increase in backlogs causes a decrease in work efficiency when lower-level employees
and the human resources specialist evaluate the interviews.

“While working in another department, | often worked overtime there. Because work was so
busy, I worked overtime and took work home. Expectations were very different there. As | said, we even
worked at home. Whether it was presentations or the need to study tables, you could not get bored of
the job, but it was very tiring. | thought | was not productive enough because | came to work tired.
Sometimes, it made me feel like | was doing more work than | could.”

Although service quality decreases are tried to be resolved in the shortest possible time, it has
been determined that during this process, people are temporarily interested in correcting such problems
or cannot deal with other customers because they are involved in the issue, causing a decrease in
productivity. This confirms the eighth proposition: that decreasing people's service quality reduces work
efficiency.

“It means that the delivery was made on time, the technical service was provided fully, and the
product had unique features, leading to increased sales due to happy customers. Otherwise, although it
remains valid, we are trying to make corrections as soon as possible.”

To fully talk about the existence of a return point, it is expected that decreases in service quality
and increases in workload will reduce efficiency, and such situations will begin to spread within the
relevant department or company; in a sense, voices will rise, and a cycle will occur. While it was possible
to establish a relationship with the conditions necessary for decreased productivity from the relevant
situations, there was no evidence that these formed a consecutive cycle. Regarding the spread of this
within the company, it is thought that sometimes such problems can be encountered within the
departments, but they can be resolved quickly, and this does not turn into a bad atmosphere for the
employees. Such issues can be solved without allowing a return point for the relevant company.
Therefore, the proposition that reduced work productivity would cause a return point could not be
confirmed. However, when considering the staff's past experiences, comments, and observations about
other companies, it is evident that this situation can be mentioned. Even though such a relationship
cannot be established within the relevant company, it is possible to talk about the existence of this
relationship that significantly impacts the formation of the bullwhip effect.

“We have not encountered this kind of thing very often. This, of course, causes a serious
decrease in performance. Of course, he is a person who works like this. Moreover, if you do not
compensate for this, this may increase the pressure on employees. This may not be a big problem when
working with a bonus system, as people know they will earn more when they work more. However, if
such a situation is not the case, it will demotivate the employees. Even if one works with a bonus, after
a while, the person who works too much explodes because he has no social life and cannot spare time
for himself and his family. Even if there is a return, he starts not to want it. We have not encountered
anything like this in the company.”

The waste effect is explained as the fact that these tasks have to be done by personnel due to the
functioning of the mechanism in an automated business process or due to malfunctions. This effect has
yet to be observed in the relevant sector. The participants did not mention this issue and stated that they
had not experienced such a thing when asked questions about it. A situation that may be effective in this
case, contrary to the literature, is that, as stated by one participant, automated transactions need to catch
up in Tarkiye compared to abroad. Although there are automated services within the company, there is
no follow-up mechanism regarding this situation, and feedback has yet to be received regarding this
issue. Employees express the opposite opinion, stating that automation increases efficiency and provides
service quality under higher conditions.

“We have operations management software. Thanks to this software, the service requested by
customers is automatically displayed and scheduled on our screens. The system automatically creates
the program, which is reflected in our subcontractor. Automating helps. Routine tasks do not have to be
repeated again and again. In other words, there is a production line; in car factories, the bodywork,
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doors, and engines are placed on the production line like this. Automation in our country is crucial for
the work to go smoothly. We have not encountered any problems so far.”

Since the formation of the waste effect cannot be observed in the relevant company due to the
reasons mentioned above, it is impossible to comment on whether the waste effect is one of the reasons
for the formation of the bullwhip effect. For this reason, the eleventh proposition, that increases in the
waste effect cause the bullwhip effect, could not be confirmed.

From a managerial perspective, intentionality is defined as the management ignoring or not
correctly evaluating an obvious fact. In this context, the most important thing that stands out within the
company is that although the employees complain about their workload, this situation is ignored by the
managers, even though human resources have conducted surveys and focus group studies on this issue
and reported it to the managers. While the participants stated this, this was revealed in the interview
with the senior manager. This shows that this type of issue is not accepted as administrative data.
Therefore, the lack of managerial perspective causes the lack of managerial data.

““Since such decisions come from senior management, this can be time-consuming.”

Although the company has a supply chain management department, it is clear that this issue still
needs to be fully understood. Rather than considering the supply chain as a whole, the concept that most
employees think about on this subject is purchasing and relations with supplier companies. It has been
observed that the supply chain management department is more interested in the supplier relations
process, and a holistic perspective on the chain cannot be developed. This leads to incorrect evaluation
of some issues. While all participants stated that increasing the quality of the service provided, which
can be accepted as a general truth, will improve the quality of the service provided, the benefits of
suppliers monitoring the entire process can be ignored. This includes deficiencies in converting some
decisions into managerial data since they are far from the supply chain perspective.

“I did not perceive the service supply chain fully. We see the service as a value-added service.
We aim not only for profit but also for the company's prestige, which is important. We are the
intermediary. We buy the service from someone else and sell it to the end customer. Our suppliers can
be individuals and institutions.”

In addition, the answers received from supply chain members to questions about customers
showed that this group needed to be considered within the supply chain. This highlights the need for a
supply chain perspective.

“Maybe it is already known, but our company is the second most loved brand in its sector. It
was chosen as the second brand this year. Our relationship with our end customers is solid. We do a lot
of work for them. We carry out these studies for their loyalty, to thank them, and because they are with
us. | think our relations are generally very healthy.”

We understand that due to the lack of managerial data resulting from the lack of managerial
knowledge and the lack of a supply chain perspective, senior managers may take a long time to make
decisions or make wrong decisions in some cases. They cannot respond quickly enough because they
have difficulty understanding the cause of the problem. This causes the bullwhip effect, the fifteenth
proposition, and the lack of administrative data. It confirms his proposition.

“If the capacity increase is a decision made by the senior management and it is of a large scale,
it may sometimes take longer than expected to perceive the problem and evaluate the necessary solutions
fully.”

This research attempted to reveal the underlying reasons for the bullwhip effect in the Turkish
service sector.

Therefore, we investigated the reasons for the bullwhip effect in the service sector and concepts
such as backlog, feedback frequency, return point, waste effect, and lack of managerial data, previously
suggested by Akkermans and Voss (2013). According to data obtained in this research, backlogs,
feedback frequency, and lack of managerial data can cause a bullwhip effect. The return point did not
occur because the company knew that such a situation might arise and could take the necessary
precautions quickly. However, The views of the relevant participants on the possibility of things
worsening if such a thing occurs might indicate that this might be one of the reasons for the bullwhip
effect. Waste impact refers to situations that require the manual use of automated processes. As
mentioned in the research, this field in the service sector in Tirkiye has yet to reach sufficient density
due to being behind compared to other countries. For this reason, companies in the industry do not
encounter too many problems while benefiting from the positive aspects of this field.
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As a result of the evaluations, many of these reasons are parallel to the characteristic features of
the service sector. First of all, since stocking cannot be done to meet demand, as is the case with service
products, increases in demand may lead to postponements and the need for capacity increase. Here, the
choice that can be made in service supply chains is between postponements or capacity increases. The
relevant company can decide by comparing the cost of capacity increase with the cost of the bullwhip
effect that may arise due to the postponement of works. Postponements may reduce the workload in the
short term and reduce the fees paid for overtime, but this increases customer feedback and negative
feedback and may even lead to loss of business in the long term. This increases pressure on employees
and reduces profitability.

One of the characteristic features of the service sector is that the customers of the service are
also co-producers. For this reason, it has been observed that customers tend to be more involved in the
process and increase their feedback frequency, especially during periods of problems. As revealed in
the interviews, this effect increases the workload of the company's relevant personnel, which causes new
jobs that are too challenging to handle and increases costs.

The waste effect and return point can be considered among the characteristic features of the
service sector, but its relationship with the bullwhip effect was not observed in our research. The first
of these, the waste effect, depends on a highly automated process, so waste does not occur when the
process is not highly automated. Therefore, there is no need for personnel to handle these tasks. This
effect is expected to reduce productivity due to increased variation in the jobs that staff would typically
be required to handle. Given that the study did not have an extreme sample, it is understandable that the
return point was not revealed. This point can be defined as where it becomes difficult to get things back
to normal. This is a melting point. From this point on, the deterioration of work becomes a cycle; as
work efficiency decreases, repetitive work increases and service quality decreases, and as repetitive
work increases and service quality decreases, work efficiency decreases. It is possible to associate this
with the workforce-based service sector. However, studying extreme examples to obtain more in-depth
findings would be more beneficial.

In this context, fifteen propositions were made within the scope of the research. The situation
regarding whether these propositions can be verified during the research process is as follows.

Table 2: Verification Status of Propositions

No | Proposition Verification Status
P1 | Errors in information processing cause backlogs. Verified
P2 | Errors in the decision-making process cause work to pile up. Verified
P3 | Errors in the application cause work to accumulate. Verified
P4 | Increases in backlogs cause a bullwhip effect. Verified

P5 | The accumulation of work causes an increase in customer callbacks | Verified
regarding these works.
P6 | Increases in the frequency of customer feedback cause a bullwhip | Verified

effect.
P7 | Increasing workload causes work efficiency to decrease. Verified
P8 | A decrease in people's service quality causes a reduction in work | Verified
efficiency.
P9 | Decreased work productivity causes a return point to occur. It could not be verified.
P10 | The occurrence of the return point causes the bullwhip effect to | It could not be verified.
occur.
P11 | Increased automation of services increases waste impact. It could not be verified.
P12 | Increases in the waste effect cause a bullwhip effect. It could not be verified.

P13 | A lack of managerial understanding causes the inability to access | Verified
administrative data.
P14 | A lack of a supply chain perspective causes a lack of access to | Verified
administrative data.
P15 | Lack of administrative data causes a bullwhip effect. Verified
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The effect that explains the role of management in the formation and development of the
bullwhip effect is the need for more managerial information. The authors estimate that the presence of
this effect will increase the incidence of the bullwhip effect. Although the managers in our sample
resolved the bullwhip effect, it is not difficult to understand because they were not defined in this
direction, and this concept was never mentioned in the interviews. This supports the view that the lack
of managerial information is considered one of the reasons for the bullwhip effect. The lack of a supply
chain perspective, one of the reasons this information must be included, is a clear indicator of why the
bullwhip effect is not even brought to the agenda.

As a result, based on the research conducted, the factors that cause the bullwhip effect in the
service sector in Tirkiye have been clarified. In this context, while serious evidence was found regarding
the backlog of work, frequency of customer feedback, and lack of managerial data, among the reasons
put forward by Akkermans and Voss (2013), no supporting evidence was found in the context of the
sample regarding the return point and waste impact. In this sense, while contributing to theory
development efforts in this field, it is aimed at pioneering studies on this subject in Turkiye.

In the service sector, the bullwhip effect is among the potential causes of customer
dissatisfaction and high costs. Therefore, the management needs to detect it promptly and take the
necessary steps to prevent or reduce it. Managers must confront the fluctuations and the issues regarding
which activities should be handled. In the service sector, fluctuations in demand and workload can occur
due to customer demand, service updates, and technical problems. Customers' desire to be involved in
the process may also cause this fluctuation. To meet these fluctuations, businesses may decide to
increase capacity. These decisions can take place in a planned or unplanned manner. What a manager
says during interviews regarding this issue is vital regarding awareness of the process.

CONCLUSIONS

The two basic strategies managers can use to combat the bullwhip effect are demand and
capacity management. While demand management can prevent the bullwhip effect from occurring,
capacity management is vital in reducing it. This research highlights some issues managers should be
more careful about in demand management.

Automation, which could not be observed in this research, might be one of the points managers
should pay attention to in the future because, in this research, we assume that this issue did not arise due
to the insufficient level of development in Tirkiye. For this reason, it would be beneficial to re-
investigate it depending on developments in the coming years. At the same time, since automated
systems have a particular technical infrastructure, it should always be considered that any malfunction
in this infrastructure may cause unexpected fluctuations. At the return point, which is the other impact,
it should always be addressed that the demand for service may sometimes come from new and old
customers due to various problems. The basic strategy on this issue is based on a choice between the
cost of having higher capacity and the cost of allowing delays. The cost of postponements may be much
higher than expected due to the bullwhip effect.

The cost includes not only the cost of lost customers due to postponements but also the costs of
reduced productivity due to the rapid increase in customer feedback and the pressure placed on
employees to reduce postponements.

If the right strategy is not determined here, new fluctuations will likely occur if the bullwhip
effect is caught unprepared at its peak. The research shows that the customer developed these strategies,
and their adequacy is open to debate. It is observed that a strategy developed with a holistic flow
perspective to the supply chain, rather than just customer-focused strategies, will be more successful.

In cases where the strategies developed to prevent the bullwhip effect do not work, methods to
eliminate it should be created if the bullwhip effect occurs. In this context, the results obtained in the
research show that it often takes a long time for managers to perceive the situation, decide on a solution,
and quickly implement it. Therefore, to increase the visibility of this impact, each supply chain process
should be closely monitored, along with any delays affecting the customer. Only in this way can
managers perceive the total capacity of the service supply chain in response to demand and develop
more appropriate solutions. Timely recognition of this situation prevents customers in the product
supply chains from adopting scarcity behavior.

Bullwhip effect studies in service supply chains are in their early stages of development. Each
of the topics touched upon in this research needs to be developed with new research. Examining the

12

Econharran Harran Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi 2024, 8(2): 1-14



Econharran Harran Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi 2024, 8(2): 1-14

effects of these reasons on the formation of the bullwhip effect through similar modeling will provide a
deeper perspective. At the same time, research can be developed in service areas requiring more or less
infrastructure and in places where automation is more. To understand some issues better, extreme
examples can be taken. The most important limitation of this research is that the relevant sample offers
the opportunity to observe a single-service supply chain. This poses an obstacle to generalizability.
However, if supported by similar research, this situation can be resolved by researching larger samples.
In addition, it is possible to develop research on mixed supply chains where products and services are
offered together.
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Abstract

The swift expansion of Artificial Intelligence (Al), devoted to creating
computer systems capable of performing tasks usually requiring human
intelligence, has sparked a crucial debate about its effects on employment.
This study examines the risk of Al leading to large-scale technological
unemployment, where workers’ skills become outdated due to technology.
At the same time, it recognizes Al’s potential to stimulate economic growth
and create jobs. The study delves into the complexities of Al and
technological unemployment, suggesting that while some sectors may be
more susceptible to Al-driven job displacement, the total employment
impact is neither uniform nor predictable. It also highlights the
socioeconomic repercussions of unchecked Al, which could exacerbate
income inequality and impede social mobility. However, this research also
reveals an optimistic facet of the Al revolution. Al holds the potential to
create new jobs and industries, and to transform existing roles, thereby
enhancing productivity and job satisfaction. Case studies within the study
show that successful integration of Al without significant job losses is indeed
possible. In conclusion, the study proposes solutions to Al-induced
unemployment, such as education and retraining, Universal Basic Income,
and regulations for Al development and usage. It advocates for a balanced
approach that mitigates the risks of Al-driven job displacement while
maximizing Al’s job creation potential. The study underscores the need for
resilience, foresight, and collective commitment to shape an inclusive,
equitable, and beneficial future of work in an Al-driven world. Its findings
and recommendations could provide valuable insights for various
stakeholders navigating the unfolding Al revolution.
Keywords:  Technological unemployment, artificial
employment, social mobility

intelligence,

Ozet

Yapay Zeka’nin (YZ) hizla genislemesi, genellikle insan zekasini gerektiren
gorevleri yerine getirebilen bilgisayar sistemleri olusturmay: amacladig
icin, istihdam Uzerindeki etkileri hakkinda kritik bir tartismay: giindeme
getirmistir. Bu calisma, teknolojinin hizli gelisimi nedeniyle ¢ahisanlarin
becerilerinin guncelligini yitirecegi ve bdylece biyuk 6lgekli teknolojik
issizlige yol acabilecek riskleri incelemektedir. Calisma ayni zamanda,
YZ’nin ekonomik biyimeyi tesvik etme ve istihdam yaratma potansiyelini
de g6z ardi etmemektedir. Calisma, YZ ve teknolojik issizlik arasindaki
karmasikliklara derinlemesine bir bakis sunarak, bazi sektorlerin YZ ile
tetiklenen issizlige daha yatkin olabilecegini, ancak toplam istihdam
etkisinin ne homojen ne de 6ngorilebilir oldugunu belirtmektedir. Ayrica,
kontrolsuiz YZ’nin gelir esitsizligini artirabilecegini ve sosyal hareketliligi
engelleyebilecegini vurgulamaktadir. Ancak bu calisma, YZ devriminin
daha umut verici bir yuzini de ortaya koymaktadir. YZ, yeni isler ve
endustriler yaratma, mevcut rolleri dénistiirme ve dolayisiyla tretkenligi ve
is tatminini artirma potansiyeline sahiptir. Calismada ele alinan drnekler,
onemli is kayiplart olmaksizin YZ’nin basarili bir sekilde entegre
edilebilecegini gostermektedir. Sonuc olarak, bu g¢alisma, YZ kaynakh
issizlige kars1 egitim ve yeniden egitim, evrensel temel gelir ve YZ’nin
gelistirilmesi ve kullanilmas: icin diizenlemeler gibi ¢6zim onerileri
sunmaktadir. YZ’nin is yaratma potansiyelini maksimize ederken, isten
cikarma risklerini en aza indiren dengeli bir yaklasimi savunmaktadir.
Calisma, YZ yonlendirmeli bir dinyada kapsayici, adil ve faydah bir is
gelecegi yaratmak icin gereken esneklik, 6ngéri ve kolektif bagliligin
onemini vurgulamaktadir. Calismanin bulgular: ve dnerileri, gelismekte olan
YZ devriminde farkl: paydaslar icin degerli icgoruler sunabilir.

Anahtar Kelimeler: Teknolojik issizlik, yapay zeka, istihdam, sosyal
hareketlilik
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INTRODUCTION

The rapid advent and incorporation of Al into various economic sectors is triggering extensive
deliberations about the future of work. Al is defined as the scientific field committed to designing and
refining computer systems capable of executing tasks that typically require human intelligence, such as
visual perception, decision-making, and language translation (Oxford, 2023a).

Simultaneously, there is growing concern about technological unemployment, defined as the
job loss that occurs when certain types of workers’ skills become obsolete due to technological
advancements, often involving the replacement of human labor with machines (Oxford, 2023b). These
dual phenomena lead to a mix of apprehension and hope. The apprehension is linked to the prospect of
jobs being displaced due to new technology; a concept first brought forward by John Maynard Keynes
in the 1930s. On the flip side, there is optimism that Al could spawn new job opportunities, revolutionize
existing roles, and stimulate economic growth.

A significant volume of research has been aimed at quantifying these impacts, leading to diverse
estimates. Some studies suggest that up to half of all jobs could be susceptible to automation due to Al
and related technological advancements (Kuzior, 2022; WEF, 2018). Others predict a less severe impact,
with estimates in the range of 10-30% (WEF, 2018). Although exact figures vary, there is a mounting
consensus that Al will substantially influence the labor market. However, technological advancements
don’t necessarily result in job loss. Past technological revolutions, such as those initiated by the steam
engine and the computer, demonstrate that technology can stimulate job creation, despite displacing
existing roles (Lima, Barbosa, dos Santos, and de Souza, 2021). In addition, Al’s ability to automate
routine tasks could free workers to concentrate on more complex and fulfilling aspects of their work,
potentially boosting productivity and job satisfaction (Peters, 2020; WEF, 2018).

This study delves into the socioeconomic quandary presented by the Al revolution, beginning
with an in-depth exploration of Al and technological unemployment. It scrutinizes recent trends in Al
development and their potential implications across diverse industries. The subsequent sections assess
the socioeconomic consequences of Al, focusing on sectors most prone to Al-driven job displacement
and potential ramifications of widespread job displacement. We also highlight the potential positive
impacts of Al on employment, examining the new jobs and industries that Al could create and the
potential transformation of existing jobs. Finally, the article proposes potential solutions to the issue of
Al-induced unemployment, discussing education and retraining, Universal Basic Income, and policy
recommendations to regulate Al development and usage. Through a thorough analysis of Al’s dual roles
- as a potential job eliminator and a job generator - we aim to provide a clearer vision of the future in an
increasingly Al-dominated world.

This article explores the complex interplay between Al and employment, dissecting theoretical
frameworks and historical viewpoints of technological unemployment and Kontradieff Waves. We
investigate the vulnerability of sectors to Al-driven displacement, socioeconomic ramifications, and
Al’s role in forging new industries and opportunities. Through a review of literature and case studies,
the study aims to present a balanced view, exploring challenges and potential remedies to Al-induced
employment shifts. The discussion extends to the critical evaluation of education, retraining, and
Universal Basic Income (UBI) as possible worker safeguards and explores policy recommendations for
Al regulation. In essence, this article illuminates the evolving work landscape in the Al era, tackling the
socioeconomic puzzle presented by technological unemployment and the Al revolution.

1. Theoretical Background

Advancements in Al and automation technologies are taking place at an unprecedented pace,
shaping our society and economy in profound ways. One area of significant concern and interest lies in
the impact these advancements may have on income inequality and social mobility. While Al holds
considerable promise for improving efficiency, productivity, and innovation, its potential to displace
jobs and restructure labor markets raises crucial socioeconomic questions. The Al revolution’s
implications extend far beyond the workplace, into broader social and economic spheres. In this context,
this study aims to provide a comprehensive exploration of Al’s potential impact on income inequality
and social mobility, drawing on existing theories and empirical evidence. This study delves into the
dynamics of job displacement, job creation, and economic polarization brought about by Al and
automation, aiming to provide a balanced perspective on these complex and intertwined issues.
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Al, as theorized by McCarthy, Minsky, Rochester, and Shannon (2006), is the science of
creating intelligent machines or intelligent computer programs that are capable of performing tasks that
normally require human intelligence. These tasks include learning, reasoning, problem-solving,
perception, language understanding, etc. Russell (2010) further explain Al as the capability of a machine
to imitate intelligent human behavior. Al is broadly categorized into two types: Narrow Al, designed to
perform a specific task such as voice recognition, and General Al, that can perform any intellectual task
that a human being can. At present, all existing applications of Al fall into the Narrow Al category, with
General Al remaining a theoretical concept (Russell, 2010).

2. Technological Unemployment: Theory and Historical Perspective

Technological unemployment, a term first introduced by economist John Maynard Keynes in
1930, is a type of unemployment caused by technological innovations that result in the displacement of
workers, surpassing the economy’s ability to create new job types (Keynes, 1930). This displacement is
not due to cyclical or seasonal factors, but rather a structural shift due to increasing productivity through
technological advancement.

Throughout history, it has been observed that technological revolutions initially lead to
displacement of labor, which is later followed by the creation of new types of work (Mokyr, Vickers,
and Ziebarth, 2015). Yet, there are growing concerns that the current rate of technological change,
especially in the field of Al and automation, could potentially lead to prolonged periods of displacement
and exacerbate economic inequality (Frey and Osborne, 2017). A different perspective on the impact of
technological advancement on the economy can be understood through Kondratieff waves. These
waves, also known as super cycles, great surges, long waves, K-waves, or the long economic cycle,
depict cycle-like phenomena in the global capitalist economy. Each cycle, according to Kondratieff,
lasts approximately 40-60 years and is divided into three distinct phases: expansion, stagnation, and
recession (Kondratiev, 1925).

Although Kondratieff originally applied this theory to analyze agrarian and commodity prices,
it has since been extended to encompass modern technological and economic activities (Korotayev and
Tsirel, 2010). These cycles or waves are often associated with leading sectors or techno-economic
paradigms that drive economic and societal growth (Perez, 2003). Each Kondratieff wave begins with
incremental innovation, progresses to radical innovation, peaks in a ‘golden age’ of growth, and finally
ends in a recession or depression during which the outdated technologies and processes are abandoned
(Schumpeter, 1939).

Figure 1: Kontradieff Waves

4 Kondratieff 5« Kondratieff 6w Kondratieff
1930-1970 1970-2010 2010-20XX
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petrochemicals technology, technology Nano-/
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The graph shows the six Kondratieff waves, which are long-term economic cycles. Each wave
is characterized by a period of economic growth followed by a period of recession. The first wave began
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in the late 18th century and was driven by the invention of the steam engine. The second wave began in
the mid-19th century and was driven by the development of the railway and the telegraph. The third
wave began in the late 19th century and was driven by the invention of electricity and the internal
combustion engine. The fourth wave began in the mid-20th century and was driven by the development
of the computer and the Internet. The fifth wave began in the late 20th century and the 6th Kondratieff
wave is a potential new economic cycle that has begun. It is characterized by two sources of change:
future megatrends and trends and innovations that change the supply structure in the economy. Future
megatrends include globalization and demographics, which will lead to shifts in demand. Trends and
innovations that change the supply structure in the economy include environmental technology,
biotechnology, and nanotechnology.

Critics of the Kondratieff wave theory argue that economic cycles are more accurately attributed
to a combination of factors, including fiscal and monetary policy, and various shock events, such as
wars and technological innovations (Korotayev and Tsirel, 2010). Nevertheless, the theory still provides
a useful lens through which to view long-term economic patterns and periods of growth and stagnation.
In relation to Al, it can be theorized that we are currently in the midst of or on the precipice of a new K-
wave, an “Age of Al and Automation” perhaps. As Al and associated technologies, such as machine
learning, robotics, and cloud computing, continue to advance and become integral parts of our societal
structure, they exert profound influences on our economy.

As with previous K-waves, this “Age of Al and Automation” could follow a similar pattern of
disruptive innovation, leading to displacement of jobs, followed by the creation of new industries and
employment opportunities. The initial displacement is a result of Al and automated systems taking over
tasks traditionally performed by humans, echoing the concept of technological unemployment
introduced by Keynes in 1930 (Keynes, 1930). This period could be characterized by an increased rate
of unemployment and potential economic instability.

However, just as previous K-waves demonstrated, this period of upheaval is likely to give way
to a new period of economic growth, driven by industries and jobs that we may not yet be able to fully
anticipate. The development and adoption of Al and automation could create entirely new sectors and
job roles, similar to how previous waves saw the rise of entirely new industries such as
telecommunications, automobile manufacturing, and information technology (Allianz, 2010).

Applying the Kondratieff wave theory to the context of Al and technological unemployment, it
could be posited that we are currently in the early stages of a new K-wave, driven by Al, automation,
and related technologies. This could lead to a period of significant job displacement, but if historical
patterns hold, this could eventually give way to a new period of economic growth, driven by as-yet-
unforeseen industries and job types (Brynjolfsson and McAfee, 2014).

2.1. Al and Job Displacement: Theory and Research

The impact of Al on job displacement is a topic of ongoing research and debate. The theories
range from a dystopian view where Al displaces most human labor (Brynjolfsson and McAfee, 2014),
to a more optimistic perspective where Al transforms jobs and creates new opportunities (Autor, 2015).

The job displacement effect of Al has been studied by economists, who theorize that jobs
involving routine tasks that are easily automated are most at risk (Autor, 2013). Conversely, jobs that
require creativity, critical thinking, and interpersonal skills are likely to remain in demand.

2.2. Al and Job Creation: Theory and Research

While there is considerable focus on the job-displacing potential of Al, it is also essential to
consider its job-creating potential. Bessen (2018) theorized that Al, much like previous technological
advances, will lead to the creation of new jobs that we can’t fully anticipate. These jobs might be in
fields directly related to Al or in sectors that leverage Al to offer new products or services.

The theoretical background of understanding Al and technological unemployment lies at the
intersection of computer science, specifically Al research, and labor economics. It involves an
understanding of how Al works, the historical and theoretical perspectives of technological
unemployment, and ongoing research on Al’s impact on job displacement and creation.
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3. Literature Review: Understanding Al and Technological Unemployment

3.1. Explanation of what Al is and how it works

Al is a branch of computer science that aims to create or emulate human intelligence in
machines. It represents a complex, multifaceted field that intersects not only with computer science but
also cognitive psychology and information technology. Broadly defined, Al seeks to create or simulate
intelligence within a mechanical system, enabling it to learn, reason, problem-solve, perceive, or use
language. This can be accomplished through machine learning, a subset of Al that allows a system to
use statistical techniques to learn from data. Alternatively, it can be implemented through rule-based Al,
a type of Al system where the behavior is controlled through explicitly programmed rules (Russell,
2010).

At its core, Al is about building machines capable of thinking analytically, learning from
experience, understanding natural language, recognizing patterns, making decisions, and interacting. Al
systems aren’t just programmed to do tasks; they are designed to learn to do things better over time.
They can be trained through the input of vast amounts of data and algorithms that allow them to learn
how to perform tasks.

The broad concept of Al can be subdivided into two main types: Narrow Al, which is designed
to perform a narrow task (e.g., only facial recognition or only internet searches) and General Al, which
can perform any intellectual task that a human being can. While Narrow Al is a reality, contributing to
the technological advancements we see today, General Al remains a concept that is actively explored
within academia and research.

3.2. Discussion of the concept of technological unemployment, with historical
examples

The concept of technological unemployment, a term first popularized by eminent economist
John Maynard Keynes in the 1930s, has been a recurrent theme throughout human history. This term
represents the predicament where technological advancements bring about job displacement due to
increased economic productivity. Keynes’ view held that the swift pace of technological innovation
would inevitably render certain labor redundant, creating social and economic upheaval (Keynes, 1930).

This phenomenon, however, is not confined to the annals of history; it remains a contemporary
issue with several poignant examples. The banking industry provides a clear illustration of this trend
with the advent of automated teller machines (ATMs). Introduced to streamline banking services and
reduce human error, ATMs initially sparked fears of widespread unemployment among bank tellers.
Surprisingly though, instead of rendering the teller role obsolete, the total number of teller jobs in the
United States increased during the late 1990s and early 2000s, despite the widespread deployment of
ATMs. This counterintuitive outcome can be explained by the fact that ATMs reduced the cost of
operating a bank branch, leading to more branches being opened, and hence, more teller jobs (Autor,
2015).

The manufacturing sector presents another compelling example of the double-edged sword that
is technological progress. As automation and robotics technologies advanced, a large number of routine
jobs in the sector were inevitably displaced. On the one hand, this contributed to a significant reduction
in manual labor roles; on the other hand, it led to increased productivity and efficiency. Moreover, the
rise of automation technologies has simultaneously given birth to new roles and job categories. New
jobs have emerged in technology development, machine maintenance, and data analysis, areas directly
linked to the implementation and smooth running of automation systems (Acemoglu and Restrepo,
2017).
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Figure 2: Annual Installation of Industrial Robots-World
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From the data, we can see a clear increase in the installation of industrial robots worldwide from
2011 to 2021, rising from 166 units to 517 units. This represents a more than three-fold increase over a
decade, which underscores the rapidly growing role of automation in various industries. The highest
year-over-year growth in the number of units installed occurred between 2016 and 2017, possibly
indicating a key period of accelerated adoption of industrial robots. Despite minor dips in 2012 and
2019, the trendline unmistakably points upwards, signaling sustained momentum towards higher levels
of automation. This steady growth in the adoption of industrial robots mirrors the impact of the
disruptive innovations’ characteristic of previous Kondratieff waves, such as the steam engine,
electricity, or the internet. These technologies initially displaced existing labor practices before
eventually leading to the creation of new industries and job opportunities. Applying the Kondratieff
wave theory to this scenario, it can be theorized that the increased deployment of industrial robots is a
signal of a new era of Al and automation. Similar to previous waves, this could potentially lead to job
displacement in the short-term, contributing to the phenomenon of technological unemployment.

However, in the long run, this wave of Al and automation might pave the way for new job
creation, driven by sectors and roles that are being transformed or newly created due to these
technological advancements. These could include roles related to the development, maintenance, and
management of these automated systems and robots, and sectors that leverage these technologies for
innovative applications.

3.3. Analysis of recent trends in Al development and their potential impact on
various industries

The increasing sophistication of Al and its broader adoption across various sectors have the
potential to significantly impact the global economy. From healthcare to transportation, from education
to finance, Al applications are transforming traditional operational paradigms. The second wave of the
‘machine age’ driven by advances in Al and digital technologies, is reshaping work, creating wealth,
and altering the economy (Bilgin and Yoney, 2023:50) , science, culture, and even human cognition
(Brynjolfsson and McAfee, 2014).

Al’s role in job displacement and creation is complex and multifaceted. Automation, facilitated
by advancements in Al and robotics, might displace workers performing certain tasks. However, Al can
also complement human labor, leading to increased productivity and the emergence of new jobs. For
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example, Al-driven technologies are becoming a significant source of job creation in sectors such as
technology development, healthcare, renewable energy, and data analysis (Bessen, 2018).

There is also a burgeoning field of research exploring how Al and automation will impact
different industries and job categories. Routine tasks that are highly predictable, such as data entry or
physical work in predictable environments, are more susceptible to automation. Conversely, occupations
requiring human interaction, expert decision-making, planning, and creative tasks are less likely to be
fully automated (Manyika, Lund, and Bughin, 2016).

4. The Socioeconomic Impact of Al

4.1. Analysis of the sectors most vulnerable to Al-driven job displacement

The impact of Al and automation is not uniformly distributed across sectors. Some sectors are
more vulnerable due to the nature of their tasks being routine, repetitive, and predictable. For instance,
manufacturing is a sector where automation has had a significant impact. The introduction of robotics
and Al-driven machines has replaced many assembly line jobs, particularly those involving repetitive,
precise tasks (Manyika et al., 2016).

Similarly, the transportation and logistics sector face significant transformation with the advent
of autonomous vehicles. From self-driving cars to drones, Al has the potential to automate large portions
of this industry, thereby impacting jobs related to driving and delivery services (Frey and Osborne,
2017).

Moreover, the retail sector is also undergoing significant changes. Automated checkout systems,
online shopping platforms, and Al-driven logistics systems are changing the retail landscape, which can
impact jobs in brick-and-mortar stores (Bessen, 2018).

4.2. Discussion of the potential socioeconomic consequences of large-scale job
displacement

The evolving landscape of the global job market over the next five years is projected to undergo
significant disruption due to factors like technological innovation, industrial automation, and the
emergence of new sectors. According to a recent report by the WEF (2023), an estimated 83 million
jobs are at risk of being phased out, offset by the creation of approximately 69 million new roles. This
labor market churn, impacting around 152 million jobs, equates to a 2% net loss or 14 million jobs
globally.

Similarly, studies have indicated a consistent trend towards job displacement due to industrial
automation. Since 2004, each installation of an industrial robot has led to an average displacement of
1.6 workers, a phenomenon that doesn’t occur immediately but gradually over years (Oxford, 2019).
Post-installation, the first year typically sees around 1.3 workers lose their jobs, but this number climbs
to 1.6 in the years that follow.

These technological disruptions do not immediately translate into productivity gains. Rather, it
requires a significant period for companies to adjust their business models and production processes,
and for workers to acquire the necessary training to maximize the potential of these new technologies.

The WEF report warns of a ripple effect on the global economy, with the potential of shrinking
global GDP by up to $2.4 trillion by 2027 due to these job losses (WEF, 2023). The adverse societal
impacts linked to high unemployment rates, especially among lower-skilled workers engaged in easily
automatable tasks, could be severe (Manyika et al., 2016). The increase in unemployment typically
exacerbates poverty, crime rates, and health issues among the affected population, while straining social
safety programs and government budgets (Autor, 2013). Another critical fallout of this job displacement
is the emergence of “job polarization” a situation where middle-skilled jobs decrease while low-skilled
and high-skilled roles increase. This shift can worsen income inequalities, reduce social mobility, and
lead to increased social disruption (Goos, Manning, and Salomons, 2014).

In light of these findings, both reports call upon governments and businesses to take decisive
action. They recommend investing in education and training and formulating supportive policies for
workers affected by these changes. The ultimate goal is to mitigate the socio-economic impacts and
navigate this substantial shift in the global workforce landscape.
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4.3. Exploration of how Al could impact income inequality and social mobility

Al has been the engine of transformation in various sectors of the global economy. While these
advancements promise myriad benefits, they also pose significant socio-economic challenges. One of
the most critical issues surfacing from this paradigm shift is the impact on income inequality and social
mobility.

Al and related technologies, such as machine learning and robotics, are increasingly used to
automate routine, low-skill tasks. As stated in a report by Manyika et al. (2016), occupations that involve
predictable, repeatable tasks are more susceptible to automation. Such roles are typically held by lower-
income workers, which makes them more vulnerable to job displacement due to Al.

Statistical data accentuates the severity of this issue. Bughin, Hazan, Sree Ramaswamy, et al.
(2017), stated that up to 800 million jobs could be automated by 2030, and these job losses are not
evenly distributed. A disproportionate number of these jobs belong to lower-skilled workers. As a result,
Al can potentially exacerbate income inequality by disproportionately affecting workers in the lower
income brackets.

Moreover, the increased use of Al may lead to what economists’ call “job polarization”. This
phenomenon was first highlighted by Goos et al. (2014), who found that technology tends to reduce
middle-skilled jobs while increasing both high-skilled and low-skilled jobs. This has the effect of
widening the wage gap between high- and low-wage earners, which can exacerbate income inequality
and diminish social mobility.

In contrast, those in higher-skilled jobs, which involve complex problem-solving and creative
tasks, are less likely to be automated and hence face lesser risk of displacement. In fact, the advent of
Al has the potential to significantly increase their income due to increased productivity. (Brynjolfsson
and McAfee, 2014) argue that the “second machine age” will result in an economic boom for those who
can utilize Al effectively, widening the gap between the skilled and the unskilled.

Moreover, Autor (2013) found that regions with greater automation have seen reduced wages
and increased unemployment, which implies reduced social mobility. High-income workers can afford
to live in areas with high living costs, while low-income workers are forced to move to areas with lower
living costs but fewer job opportunities, resulting in a geographical divide.

The potential impact of Al on income inequality and social mobility raises significant concerns
about the distribution of economic benefits in the Al era. Policymakers need to take steps to mitigate
these impacts, such as implementing retraining programs for displaced workers, ensuring access to
guality education for all, and exploring ways to share the economic benefits of Al more broadly. Failure
to address these issues could result in a society with an entrenched economic elite, reduced social
mobility, and widespread economic dissatisfaction.

5. The Positive Side: Job Creation and Transformation

5.1. Discussion of the new jobs and industries that Al could create

While it’s true that Al and automation can disrupt existing jobs, they also have the potential to
create new ones. These jobs can arise in industries directly related to Al, like software development,
data science, machine learning engineering, and Al ethics (Manyika et al., 2016).

However, Al’s potential to create jobs extends beyond these technical roles. As businesses
integrate Al into their operations, they’ll need people to train these systems, interpret their output, and
provide human oversight. These roles may include Al trainers, who teach Al systems how to perform
tasks, and Al explainers, who interpret the decisions of Al systems for non-experts (Bessen, 2018).

Moreover, by increasing efficiency and reducing costs, Al can create indirect job growth in a
variety of sectors. For example, the cost savings generated by Al in manufacturing could lead to
increased production, which could create jobs in areas such as marketing, sales, and customer service.

5.2. Analysis of how Al could transform existing jobs rather than eliminating them

The narrative that Al will simply replace humans is overly simplistic. A more nuanced view is
that Al will change the nature of work, automating certain tasks but not entire jobs (Autor, 2015).

Most jobs involve a range of tasks, and while Al may automate some of these, others -
particularly those involving complex decision-making, critical thinking, creativity, and interpersonal
skills - will still require a human touch.
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For example, in healthcare, Al algorithms can help diagnose diseases by analyzing medical
images. However, doctors are still needed to consider these findings in the context of the patient’s overall
health, make the final diagnosis, and decide on the treatment plan (Topol, 2019).

By automating routine tasks, Al can free up workers to focus on more complex and rewarding
aspects of their jobs, potentially leading to increased job satisfaction and productivity.

5.3. Case studies of companies or sectors that have successfully integrated Al
without significant job losses

Several companies and sectors have integrated Al without significant job losses, often using Al
to improve efficiency or provide better services.

One example is the banking industry, where Al has been used to automate routine tasks such as
fraud detection and customer service. However, rather than leading to widespread job losses, this has
allowed banks to shift their employees towards more complex tasks, such as handling complicated
customer complaints or providing financial advice (Bughin, et al., 2017).

Another example is the retail giant Amazon. Despite significant automation in its warehouses,
Amazon has continued to grow its workforce. This is because the efficiency gains from automation have
allowed the company to significantly expand its operations, creating jobs in areas such as logistics,
marketing, and customer service (Kaplan and Haenlein, 2010).

6. Potential Solutions to the Al Unemployment Conundrum

6.1. Discussion of education and retraining as a solution to Al-driven job
displacement

To mitigate the impact of Al-driven job displacement, one popular solution is to emphasize
education and retraining. This approach is based on the premise that while Al may automate certain
tasks, it also creates new job opportunities that require different skill sets (Arntz, Gregory, and Zierahn,
2016).

Training programs, such as coding boot camps and data science courses, can help displaced
workers transition into growing fields. Moreover, initiatives that focus on lifelong learning can ensure
that workers continually update their skills to keep pace with technological change (WEF, 2018).

However, these strategies require substantial investment in education and training infrastructure,
as well as careful consideration of which skills will be in demand in the future. Moreover, not all
displaced workers may be able to or want to transition into these new roles, highlighting the need for a
diversified approach (Bessen, 2018).

6.2. Analysis of the potential of UBI as a safety net for displaced workers

UBI is another potential solution that has gained traction. UBI involves providing all citizens
with a regular, unconditional sum of money, regardless of their employment status. It’s seen as a way
to support those who lose their jobs to Al and automation, while also encouraging entrepreneurship and
innovation (Standing, 2017).

While UBI experiments have shown promising results in improving well-being and financial
stability, implementing UBI on a large scale presents challenges. It requires substantial public funding,
which could necessitate tax increases or cuts to other public services. Moreover, it’s unclear how UBI
would interact with existing social safety net programs, and whether it would provide sufficient
incentive for people to seek work (Marinescu, 2018).

6.3. Evaluation of policy recommendations to regulate Al development and use

Regulating Al development and use is another strategy that can potentially mitigate the negative
employment effects of Al. This could involve policies to encourage responsible Al development, such
as guidelines for transparency and accountability in Al systems (IMF, 2023).

Moreover, policies could also promote the fair distribution of Al’s benefits. This could involve
taxing automation technologies and using the proceeds to fund social programs, or implementing
policies that promote job sharing or reduced working hours, thereby spreading the available work among
more people (Korinek and Stiglitz, 2018).
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However, regulating Al presents its own challenges. It requires a nuanced understanding of the
technology and its impacts and must strike a balance between mitigating Al’s negative effects and
encouraging innovation and growth.

CONCLUSION

The integration of artificial intelligence into various sectors of our economy holds significant
implications for the future of work. On one hand, Al carries the potential to disrupt current job markets
significantly. Many sectors, particularly those dominated by routine or highly automatable tasks, could
experience job displacement due to advancements in Al and automation technologies. Such a shift
carries significant socioeconomic implications, with the possibility of exacerbating income inequality
and decreasing social mobility.

On the other hand, the advent of Al also heralds the creation of new industries and job roles.
Many of these jobs are in sectors directly related to Al, such as data science, machine learning
engineering, and Al ethics. Additionally, Al’s ability to increase efficiency and reduce costs could spur
indirect job growth across diverse fields. Existing jobs may also undergo a transformation rather than
outright elimination, with Al automating routine aspects and freeing up workers to focus on more
complex, value-adding tasks.

This study sought to examine the dual faces of the Al revolution. While acknowledging the
significant challenges posed by Al-driven job displacement, it also aimed to highlight the potential
opportunities borne by this technological advancement. In shedding light on this multifaceted issue, the
discussion emphasized that the net impact of Al on employment is far from predetermined. Rather, it
will be heavily influenced by a variety of factors, including the pace and trajectory of Al development,
the adaptability of workers and businesses, and the policy decisions taken by governments and societal
stakeholders.

In the face of the Al revolution, the future of work appears to be a dynamic landscape. Despite
the uncertainty surrounding the ultimate impacts of Al on employment, it is clear that the world is at the
cusp of a significant transition. Just as in previous industrial revolutions, the advent of Al is likely to
reshape the very nature of work and employment in profound ways.

Adapting to these changes will require resilience, foresight, and a collective commitment to
shaping a future of work that is inclusive, equitable, and beneficial for all. This will involve not only
strategies for mitigating job displacement and addressing socioeconomic disparities, but also efforts to
harness Al’s potential for enhancing productivity, driving innovation, and creating new jobs and
industries.

As we stand on the brink of the Al revolution, the challenge before us is to steer this
transformative technology in a way that amplifies its benefits, mitigates its risks, and above all, serves
the broader goals of human society.
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Ozet

Dinya genelinde teknolojinin farkli alanlarinda buyik gelismeler
yasanmaktadir. Bu geligsmelerin bir kismi1 Endustri 4.0 gercevesinde yer
alirken digerleri kendi isimleriyle aniimaktadir.

Blokzincir, gelismekte olan teknolojilerdendir. Dagitik defter yapisi,
degistirilemez ve silinemez kayitlar, distik maliyetli yiiksek hizli iglem gibi
oOzellikleriyle dikkat ¢eken bu teknoloji; dinya genelinde yayginlasmakta,
yayginlastikca da etkiledigi alanlar genislemektedir. Bu alanlardan biri de
muhasebedir. Blokzincir, muhasebe alanini farkl: agilardan etkilemekte ve
temelde bir kayit defteri olmasi nedeniyle muhasebeyi sekillendirmektedir.
Yapay zeka ise insan davranislarin taklit edebilme yetenegiyle bilinen bir
teknolojidir. Insan davranislarimin sanal veya fiziksel ortamlarda taklit
edilebilmesi, muhasebe bilimi icin 6nem tagimaktadir.

Caligmanin amaci muhasebe denetiminde yapay zekéanin roliini analiz etmek
suretiyle aciklamaktir. Nitekim yapay zekanin giin gectikce muhasebe
alaninda yayginlagmaktadir. Dolayisiyla yapay zekanin muhasebe alaninda
kendine yer edinmis olmasi, muhasebe denetiminde yapay zek&nin roluniin
tespitini énemli kilmaktadir. Analiz iki farkl yapay zek& araci (izerinden
gergeklestirilmigtir. Bunlar ChatGPT ve Bing’dir. Yapilan analizler
sonucunda cesitli bulgular elde edilmistir. Bunlardan bazilarin ifade etmek
gerekirse; ChatGPT daha detayli ve teknik bilgiler sunarken, Bing daha
yiizeysel ve teoride kalan bilgiler sunmustur. ilaveten, ChatGPT basliklar:
daha spesifiklik bir sekilde sunmaktadir.

Anahtar Kelimeler: Muhasebe, muhasebe denetimi, blokzincir, yapay
zeka, kriptografi

Abstract

There are major developments in different areas of technology around the
world. While some of these developments take place within the framework
of Industry 4.0, others are referred to by their own names.

Blockchain is one of the emerging technologies. This technology, which
attracts attention with its features such as distributed ledger structure,
unchangeable and indelible records, low-cost high-speed transactions, is
becoming widespread around the world, and as it becomes widespread, the
areas it affects are expanding. One of these areas is accounting. Blockchain
affects the field of accounting from different angles and shapes accounting
as it is basically a ledger. Artificial intelligence is a technology known for
its ability to mimic human behavior. The ability to imitate human behavior
in virtual or physical environments is important for accounting science.

The aim of the study is to explain the role of artificial intelligence in
accounting audit by analyzing it. As a matter of fact, artificial intelligence is
becoming widespread in the field of accounting day by day. Therefore, the
fact that artificial intelligence has gained a place in the field of accounting
makes it important to determine the role of artificial intelligence in
accounting audit. The analysis was conducted through two different artificial
intelligence tools. These are ChatGPT and Bing. Various findings were
obtained as a result of the analysis. To mention some of them; while
ChatGPT provided more detailed and technical information, Bing provided
more superficial and theoretical information. In addition, ChatGPT presents
headlines in a more specific way.

Keywords: Accounting, accounting audit, blockchain, artificial intelligence,

cryptography

27

Econharran Harran Universitesi Iktisadi ve idari Bilimler Fakiiltesi Dergisi 2024, 8(2): 27-44


mailto:hamiv@harran.edu.tr
https://orcid.org/0000-0002-4571-3333
https://orcid.org/0000-0002-4571-3333
mailto:ofdemirkol@harran.edu.tr
https://orcid.org/0000-0003-0483-3790

Econharran Harran Universitesi Iktisadi ve idari Bilimler Fakiiltesi Dergisi 2024, 8(2): 27-44

GIRIS

Blokzincir ve yapay zeka gibi gelismekte olan teknolojiler, ¢esitli is alanlarin: etkilemis ve hala
etkilemeye devam etmektedir. Bu etkiler, ilgili alanlarin donustimiine veya ortadan kalkmasina yol
acabilir. Isletmeler, bu olas: sonuglardan olumsuz etkilenmemek ve siirdirilebilirligi saglamak icin bu
teknolojilere uyum saglamahdir. Ozellikle muhasebe denetimi, bahsi gecen teknolojilerin etkiledigi
alanlardan biridir. Blokzincir teknolojisinin muhasebe denetimine etkisi ve yapay zekanin bu alandaki
roli, akademik camia ve 6zel sektor tarafindan arastirilmaktadir. Bu ¢alismada, teori ve uygulamalar
g6z 6niinde bulundurularak blokzincir tabanli muhasebe denetiminde yapay zekanin rolu ele alinmustir.

Ayrica, Blokzincir teknolojisi, 2008 yilinda Satoshi Nakamoto tarafindan sunulan “Bitcoin: Bir
Esten Ese Elektronik Odeme Sistemi” baslikli elektronik bir dokiimanla duyurulmustur. Bu dokiimanda
“blockchain” terimi kullanilmamis, ancak gunimdizdeki tanimlarina uygun olarak islemlerin
kaydedildigi, bloklarin ve zincirin kullanildig: bir tanim yapilmistir. Blokzincir kavrami daha sonradan
yayginlagmustr.

Calisma teori ve uygulama olmak Gzere iki kissmdan olugmaktadir. Teori kisminda Blokzincir
ve Yapay Zeka teknolojileri genel hatlariyla incelenmistir. Ardindan iki farkli yapay zeka araci
Uzerinden analiz yapilarak yapay zekadnin muhasebe denetiminde roll tespit edilmeye cahisiimstir.
Istemler (promptlar) kullanilarak ChatGPT ve Bing yapay zeka araclari (izerinden analizler
gerceklestirilmis, bulgular ortaya konulmus, Kkarsilastirma yapmak suretiyle caligmanin literatire
katkisindan bahsedilmistir.

1. Blokzincir

Blokzincir, yonetim ve kontrol yetkilerini bagh cihazlardan olusan bir aga dagitan
mekanizmadir. Her cihaz uygun kontrolleri gerceklestirir ve islemler 6nceden (zerinde anlasilan
protokollere uygunsa, bu cihazlar islemleri dogrular (Gul, 2019: 186). Blokzincir alternatif olarak ag
katilimcilarinin bilgi ve islemlerini saklayan dijital bir defter olarak da tanimlanabilir (Cigerci ve Egmir,
2020: 205).

Bilgisayar ag: diigumleri arasinda paylasilan dagitilmis bir veri taban: veya defter, blokzincir
olarak adlandirilir. Kripto para gibi sistemlerde islemlerin givenli ve merkezi olmayan bir sekilde
kaydedilmesi igin gereklidir. Blokzincirde veriler degistirilemez, bu da hatalari en aza indirir, maliyetleri
disurar ve glvenilir guncu taraflara olan ihtiyac: ortadan kaldirir (Hayes, 2024).

Blokzincir teknolojisi, bir sirket agindaki varliklar izler ve islemleri paylasilan, degistirilemez
bir deftere kaydeder. Glivenli ve degistirilemez islem kaydi saglayarak riskleri azaltabilir, maliyetlerden
tasarruf edebilir ve bilgileri daha hizli ve kesin bir sekilde sunabilir (IBM, 2024).

Blokzincir, islemleri givenli bir sekilde verimli ve kalici olarak kaydeden agik, merkezi
olmayan bir defterdir. Bir hafta strebilen hisse senedi transfer surreci, blokzincir sayesinde bu islemlerin
birkac saniye icinde tamamlanmasiyla énemli 6l¢ude kisaltilabilir (lansiti ve Lakhani, 2017).

Blokzincir baglangicta dijital para biriminde, ardindan diger alanlardaki genis uygulama
yelpazesine kadar devrim niteliginde bir cgekirdek teknolojidir. Blokzincir ademi merkeziyetcilik,
seffaflik, kurcalamaya kars1 direnc ve bilgi erisilebilirligi gibi avantajlar saglamaktadir (Xu vd., 2019).

Ademi merkeziyetcilik de blokzincir tarafindan daha kolay hale getirilmistir. Blokzincir,
kendine has &zelliklerine ek olarak, sanal bitcoin topluluklarinda yaygin olan bir dizi otoriter ideal
sergilemektedir (Hoffman vd., 2020).

Dagitilmis defter teknolojisi (DDT) genellikle blokzincirde, bilgisayarlardaki birgok diigiim
arasinda ¢ogaltilan tek ve givenli bir merkezi defter olusturmak igin kullanilir (Buckley vd., 2023).

Ozetle, blokzincirdeki dijital para birimlerine, varliklara ve emtialara giic veren blokzincir
teknolojisi, fikir birligi yoluyla glncellenen paylasilan bir defter veya dagitilmis veri tabani olarak
nitelendirilir (TUBITAK, 2024).

1.1. Blokzincir Temel Kavramlarn

Calismanin bu kisminda blokzincirin temel kavramlar: ele alinmstir:

- Bitcoin: Genellikle BTC olarak bilinen ve sembolli B olan Bitcoin, herhangi bir devlet
kurumu veya 0zel sirket tarafindan desteklenmeyen veya ihra¢ edilmeyen bir kripto para
birimidir (Aslantas Ates, 2016: 353).

- Dijital Ciizdan: Finansal bir uygulama olan dijital ctzdan ile kullanicilar dijital para
birimlerini, kredi karti numaralarini, banka karti numaralarini ve diger 6deme bilgilerini
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guvenli bir sekilde saklayabilir, yonetebilir ve kullanabilir. Temel olarak, dijital ciizdanlar
sifrelerinizi ve 6deme bilgilerinizi saklayarak, bilgisayar veya mobil cihazlar1 kullanarak
hizli ve basit bir sekilde 6deme yapmaniza yardimci olur (Ozgil, 2023).

Islem: Blokzincirde islem, verilerde yapilan bir degisikliktir. Akill: s6zlesmeler, bitcoin
transferleri ve diger veri degisiklikleri isleme 6rnek olarak gosterilebilir. Bir islem agdaki
bir dugim tarafindan dogrulandiktan sonra kalict olarak blokzincirine kaydedilir.
Madenciler, islemi dogrulamak icin islem dogrulama prosedirinin bir pargas: olarak
matematiksel bulmacalar1 ¢ozmelidir. Islemlerin hizi ve maliyeti ag yogunlugundan ve
kullanilan kripto para biriminden etkilenir (www.blokzincir.bilgem.tubitak.gov.tr).
Madencilik: Kripto para birimleri olusturma sirecidir ve karmasik matematiksel
bulmacalar1 ¢ozmek igin 6zel olarak Uretilmis bilgisayarlarin yogun enerji tuketimini
gerektirir. Bu prosedur yeni kripto para birimleri olusturmay: ve blokzincirdeki islemleri
dogrulamay1 mumkin kilmaktadir (Sarag, 2018).

Dagitik Defter: Verilerin tek bir sunucu veya otorite (izerinde merkezilestirilmesi yerine
birkag ag diglimi arasinda yonetildigi ve tutuldugu bir veri taban sistemidir. Bu teknoloji
sayesinde katilimcilar, veri tabani kopyalarinin birbirleriyle senkronize oldugu bir yapiy:
strdirebilirler. Guvenli, seffaf ve manipilasyona kars: dayanikli olmas: dagitik defterlerin
bazi faydalaridir (Safak vd., 2021). En son teknolojik ilerlemede, halka agik veya 6zel bir
bilgisayar agindaki digiimler veya kullanicilar blokzinciri giincelleme kapasitesini paylasir.
Bu kavram dagitik defter teknolojisi veya DDT olarak bilinir (McKinsey, 2024).

Acik Anahtar: Blokzincirde her bir kisinin agik hesap, bu a¢ik hesabi simgeleyen de bir agik
anahtar vardir. Bu agik anahtar herkes tarafindan bilinebilir. Kullamcilar agik anahtarlarin:
diger kullanmicilarla paylasarak kripto para kazanabilirler. Acik anahtar kriptografik
islemlerde ve islem imzalama igin kullanilir (www.blokzincir.bilgem.tubitak.gov.tr).
Gizli/Ozel Anahtar: Sahibi gizli anahtar: giivende tutar ve yabancilardan gizler. Islemler bu
anahtar kullanilarak imzalanir ve onaylanir. Kripto paray: guvenli bir sekilde saklamak icin
kullanici gizli anahtar: kullanir. Gizli anahtar kaybolursa kripto para birimleri de kaybolur
(TUBITAK, 2024).

Kriptografik Glvenlik: Blokzincire erismek veya verilere katkida bulunmak igin agin
dogruladig: bir 6zel anahtara ve veri tabaninda adres olarak kullanilan bir genel anahtara
ihtiyaciniz vardir (McKinsey,2024).

Dijital Gnlik (Kayit): Blokzincirler islemlerin tamamen ¢evrimici dijital gunlikleri veya
veri tabanlaridir (McKinsey,2024).

Paylasilan Ag: Blokzincirler genel ya da 6zel ag lizerinde kullanilabilir. FinTech (Finansal
Teknoloji) ve finans, halka acik Bitcoin blokzincirin yan sira cesitli 6zel blokzincirler
kullanir (McKinsey,2024).

Uzlasma Protokolleri: Blokzincir, digumleri birbirine baglayan esit haklara sahip bir ag
sistemidir. Mutabakat protokolleri sayesinde karsilikli olarak giivensiz kullanict gruplar: is
birligi yapabilir ve cesitli mutabakat modelleri gesitli varsayimlarla giivenlik sorunlarin
cozmeye calisir (Kardas, 2019).

Kurum Kavrami ve Blokzincir: Kurumlarin Kisiler arasi etkilesimleri nasil etkiledigi ve
blokzincir teknolojisinin kurumsal gergeveleri nasil degistirebilecegi Uzerine aragtirmalar
yapilmigtir. Blokzincir ile merkezi olmayan bir sistem saglanir ve bloklar halinde birbirine
zincirlendigi i¢in herhangi bir iz birakmadan verileri degistirmek zordur (Ayaz, 2020).
Elektronik Belgelerin Guvenilirligi: Son blokla baglantt kurularak, blokzincirlere
kaydedilen veriler, dosya adlari, imzalar ve icerigin iz degeri dahil olmak (izere meta
verilerle iligkilendirilir. Bu sayede elektronik belgelerin givenilirliginin korunmasina
blyuk 6lglde yardimci olunmaktadir (Cicek ve Saglik, 2019: 155).

Blokzincirin avantajlari (Budhi, 2024):

Degismezlik: Veriler kaydedildikten sonra, blokzincir teknolojisinin dogasi geregi
kaldirilamaz veya degistirilemez. Bu Ozellik, yetkisiz ag degisikliklerine karsi koruma
saglar.

Seffaflik: Blokzincir teknolojisi merkezi olmadigindan, agin herhangi bir Gyesi kaydedilen
bilgileri bagimsiz olarak dogrulayabilir. Aga olan kamu giiveni bu sayede desteklenir.
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- Sansir: Blokzincir, merkezi bir otoritenin midahalesi olmadan calistigindan, dogas: geregi
sansure karsi bagisiktir. Sonug olarak, hi¢ kimse ya da higbir sey agin isleyisine midahale
edemez.

- Izlenebilirlik: Agda yapilan herhangi bir degisiklik, blokzincirin islemlerin kalici kaydim
tutmasi sayesinde dogrudan takip edilebilir.

1.2. Blokzincirde Kriptografi

Blokzincir, islemleri givenli, kalic1 ve son derece etkili bir sekilde kaydeden agik, merkezi
olmayan bir defterdir. islem maliyetlerini bilyiik olgiide azaltarak ve finans kurumlari ve hukuk
uzmanlari gibi aracilara olan ihtiyaci ortadan kaldirarak, is ortamini tamamen degistirme giictine sahiptir
(lansiti ve Lakhani, 2017). Bu degisimin 6nemli bir bileseni kriptografidir.

Temel islevi, blokzincire sonsuz sayida blok eklenmesine izin vermektir. Hem simetrik hem
asimetrik sifreleme temel kriptografi tekniklerine dahildir; ayrica islemleri dogrulamak igin dijital
imzalar kullanir. Her isleme gonderenin dijital imzas: eklenir ve bu da verilerin butunliglni garanti
eder (Geeksforgeeks, 2022).

Kriptografi kullanict kimliklerini gevrimici guvenlik tehditlerinden korumak, islemleri
dogrulamak, veri bitunltguni korumak ve gizliligi korumak icin blockchain teknolojisinde ¢ok 6nemli
bir rol oynamaktadir (Arad vd., 2024). Bu, cevrimigi islemler dinyasinda seffafligi ve guveni tesvik
eden blokzincir glivenliginin cok énemli bir bilesenidir. Ag kullanicilarini ve islemlerini korumanin yam
sira sifreleme, blokzincir ekosistemi iginde ¢ifte harcamay: 6nlemek icin gok 6nemlidir (Howell, 2024;
Iredale, 2023).

Blokzincir guvenligi, dolandiricilik ve saldirt riskini azaltmak icin sektordeki en iyi
uygulamalar1 ve siber givenlik standartlarini kullanan kapsamli bir risk yonetimi gergevesidir. Bu
sistemin temelinde -islem bazl giiven olusturmak igin gerekli olan- mutabakat, ademi merkeziyetgilik
ve kriptografi yer almaktadir (IBM, 2024).

Bitcoin gibi blokzincir tizerinde olusturulan kripto paralarin gtivenligini ve mesruiyetini garanti
etmek igin kriptografik teknikler kullanilir. Kripto para kriptografisinde iki yontem kullanilir: Biri agik
ve Ozel anahtar ciftleri olusturmak icin, digeri ise islemleri dogrulamak icin. Bloklar igindeki verileri
sifrelemek icin Secure Hashing Algorithm 256 ve anahtar ciftleri olusturmak igin secp256k1 olarak
bilinen eliptik egri kriptografi teknigi kullanilir (Seth, 2024).

Katilimer kimliklerinin ve blokzincir islemlerinin korunmasinda sifreleme ihtiyaci, bilgisayar
bilimleri kaynaklari ve kodlama Uzerine egitimler veren GeeksforGeeks sirketi tarafindan
vurgulanmaktadir. Bloklar arasinda giivenli baglantilar kurmak icin hash yapar ve verileri korumak igin
sifreler. Bu kriptografik yontem, yalnizca yetkili alicilarin islem bilgilerine erisebilmesini saglar ve
harcamalarin tekrarlanmasini énler (Geeksforgeeks, 2022).

Comparitech, blokzincirler yapiminda kullanilan birgok kriptografik yaklasimi agiklamaktadir.
Bir blokzinciri degistirilemez ve herkes tarafindan goérilebilir hale getirmek icin, esler arasi aglar
Uzerinden gonderilen iletisimleri sifrelemek ve blok iceriklerinin ve baglantilarinin glvenligini
guclendirmek icin kriptografi kullanilir (Lake, 2024).

Kriptografi hash, dijital imzalar ve sifreleme saglar ve blokzincir teknolojisinin gok 6nemli bir
bilesenidir. Bu kriptografik bilesenler veri buttnligtni korumak, islemlerin gecerliligini dogrulamak,
kullanic1 anonimligini korumak ve islem reddini énlemek icin gereklidir (Arad vd., 2024).

DXTalks, blokzincirin sifrelemesinin islem ginluklerini nasil korudugunu ve yetkisiz veri
degisikliklerini nasil durdurdugunu anlatiyor. Kimlikleri dogrulamak ve yalnizca yetkili kullanicilarin
degisiklik yapabilecegini garanti etmek icin dijital imzalar ve sifreleme anahtarlarindan olusan bir
sistem kurar (Kazeem, 2024).

2. Yapay Zeka

Yapay zeka, genellikle insan zeké&sinin gerekli oldugu gorevlerin (dogal dili yorumlama ve
oruntdleri tanimlama gibi) yerine getirilmesini saglayan bir teknolojiler buttnudir. Bununla birlikte,
genis kapsami ve yapay zekaya yonelik yaklasimlarin cesitliligi nedeniyle yapay zekay: tanimlamak
zordur (Dignum, 2019).

Yapay Zeka, dijital bilgisayarlarin veya robotik varliklarin normalde akill: varliklar tarafindan
yirdtilen gorevleri yerine getirme kapasitesidir. Bu fikir siklikla, insanlarin sahip oldugu tim bilissel
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yetenekler olan diigiinme, yorumlama, genelleme ve gegmis verilerden 6grenme yetenegine sahip yapay
zeka sistemleri gelistirme cabalariyla baglantilidir (Copeland, 2024).

Yapay Zekd, bilgisayarlarin ve diger teknolojilerin insamin biligsel ve problem ¢dzme
yeteneklerini taklit etmesini saglayan teknolojik bir alandir. Makine 6grenimi, derin 6grenme, uretken
yapay zeka, zayif yapay zeka, glcli yapay zeka ve bunlarla iliskili uygulamalar dahil olmak izere birgok
yapay zeka tirl vardir (IBM,2024).

Yapay Zeka, makinelerin ¢ok cesitli karmasik insan becerilerini taklit etmesini saglayan
teknolojidir. Yapay zekd, cevresinde uygun ve dngorilebilir sekilde hareket etme yetenegine sahiptir.
Yapay zekéanin yeteneklerini (6zelliklerini) 6zetlemek icin asagidakiler kullanilabilir (Sheikh vd., 2023):

- Algilama

- Hedef izi takibi

- Isleri baslatma

- Geri besleme

2.1. Yapay Zeka Temel Kavramlar

Yapay zeka sistemleri akil ylriutme, karar verme ve problem ¢6zme yetenegine sahiptir.
Algilama, 6grenme ve etkilesim gibi insan bilissel islevlerini taklit ederler (Copeland, 2024).

Bilgisayarlar, makine &grenimi adi verilen bir yapay zek& alt kimesi sayesinde agik
programlama olmadan verilerden Ogrenebilir. Deneyimle zaman icinde daha etkili hale gelen
algoritmalara sahiptir (Coursera, 2024).

Makineler, dogal dil isleme sayesinde sozlii konusma ve yazili metinleri okuyabilir, anlayabilir
ve Uretebilir (Stanford University, 2024).

Insan beyninin yapisim temel alan bilgisayar modelleri olan sinir aglari, derin 6grenme ile
birlestirilmistir. Gorlinti tamimlama ve dogal dil isleme vb. gérevleri kolaylastiran bir tiir sinir agi olan
derin 6grenme, yapay zeka agisindan devrim niteligindedir (Coursera, 2024).

Yapay zeka uygulamalari: Yapay zeka, konusma tanima, sohbet robotlar1, arama motorlar: ve
tibbi teshis dahil olmak Uzere birgok farkh alanda kullamimaktadir. insan esnekliginden yoksun
olmasina ragmen, bir¢ok alanda tstiinlik saglamaktadir (Copeland, 2024).

Yapay zekanin faydalar (Maheshwari, 2023):

Insan hatalarin: azaltir.

- Tekrarlayan prosedirleri ve isleri otomatiklestirir.

- Bilyuk veri setlerini kolaylikla isler.

- Hizl karar vermeye yardimc olur.

- Elektronik bir yardimciya dontsur.

- Tehlikeli ve riskli islemleri verimlilikle tamamlar.

- Isakislarini ve prosediirleri gelistirir.

- Tip alanindaki uygulamalar destekler.

Tam zamanh kullanim i¢in uygundur.

YZ nin dezavantajlar1 (Arena, 2022):

- Issizlik: Otomasyon ve yapay zekanin galisma kosullarini degistirebilecegi ve muhtemelen
is kayiplarina yol agabilecegi endiseleri artmaktadir. Bu da makinelerin sonunda hangi
islevleri yerine getirebilecegi sorusunu gindeme getiriyor.

- Seffaflik eksikligi: Bu, olasi yapay zek& basarisizliklariyla ilgili birincil sorundur. Bu,
yapay zekanin neden kéti performans gosterdigini bilmemekle veya bazen kétl performans
gosterdigini bile fark etmemekle aciklanabilir.

- Onyargih ve aynmcr algoritmalar: Onyargili yazihm ve teknolojik onyargilar, tasarim
hatalarindan veya algoritmalarda eksik ve dengesiz verilerin kullamlmasindan
kaynaklanabilir. Sonug olarak, yapay zeka toplumda 1rk, cinsiyet ve yasa dayal: 6nyargilar
surdirerek sosyal ve ekonomik esitsizligi daha da kotllestirme potansiyeline sahiptir.

- Profil eitkarma: Yapay zeka, korkutucu derecede hassas bireysel profiller Uretebilmektedir.
Veri toplama becerilerini degerlendiren yarismalar araciligiyla, kaliplari tanimlamak igin
olusturulan algoritmalar, ge¢mis konum verilerine dayanarak bir bireyin gelecekteki olast
konumunu tahmin edebildiklerini gostermistir.

- Dezenformasyon: Yapay zekanin olumsuz etkilerinden biri, yanhs bilgilerin ortaya
cikmasina zemin hazirlayabilmesidir. Ornegin, Belcika Basbakan: Sophie Wilmés'in 2020
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deepfake konusmas: aktivist grup Extinction Rebellion tarafindan olusturulmustur.
Wilmeés'in orijinal bir videosunu manipule ederek Covid-19 salginini ¢evresel bozulma ve
insan sémirdsune bagladig: izlenimini olusturulmus ve bu da yanls bilgilerin yayilmasina
yol agmustir.

- Cevresel etki: Bilim insanlarina gore tek bir yapay zekd modelinin egitimi 300.000 kg'a
kadar karbondioksit emisyonuna yol acabilir ki bu da kabaca New York'tan Pekin'e gidis-
donuis 125 ugusa ya da siradan bir Amerikan arabasinin 6mri boyunca urettigi emisyonun
bes katina esittir. Ayrica, emisyonlar sadece model egitiminden daha fazla kaynaktan
gelmektedir. Veri merkezlerinin insasi ve madenlerin ¢ikarilmas: ve tasinmasi g6z éniine
alindiginda, biytk teknoloji sirketlerinin yapay zeka kullanimini destekleyen altyapinin da
6nemli bir karbon etkisi vardir.

- Buyuk teknoloji firmalarnnin hakimiyeti: Bu sirketler yapay zeka endustrisi Uzerinde
blylk sz sahibidir. Google, 2007'den bu yana 30'dan fazla yapay zeka isletmesini satin
almasinin bir sonucu olarak yapay zeka teknolojisinde buytk bir tekele sahiptir. Bu
isletmeler, resim tanimlamadan bilgisayar tarafindan Uretilen daha gercekci seslerin
olusturulmasina kadar her seye odaklanmustir.

2.2. Yapay Zeka ve Muhasebe

Trendlerin, aykiri degerlerin ve anormalliklerin belirlenmesi sayesinde yapay zeka algoritmalar:
denetim surecinin vazgecilmezleri arasinda yer almaktadir. Denetgiler, daha fazla risk tasiyan bolgelere
odaklanarak ve mevcut kaynaklarin kullanimini optimize ederek kaynak tahsisinde etkinliklerini
artirabilirler. Ayrica, yapay zeké sayesinde denetciler artitk mali tablolar ve diger ilgili belgeler tizerinde
kapsamli ve dogru degerlendirmeler yapabilmektedir. Denetgiler igin zorluk, yapay zeké teknolojisi
gelistikce denetim prosediirlerini nasil etkilenebilecegini belirlemektir. Bu teknolojilerin kullanimina
iliskin tam kilavuz ilkeler henuz dizenleyiciler ve meslek kuruluslari tarafindan saglanmamis olsa da,
denetciler degisimin farkinda olmali ve buna uyum saglamalidir (Sutaria, 2020).

Denetim uygulamas: yapay zeka sayesinde gelismistir. Yapay zekd, denetcilerin yetki
alanlarindaki verileri daha derinlemesine incelemelerine ve risk degerlendirmelerini iyilestirmelerine
yardimci olmaktadir. Son galismalar, yapay zek&nin denetim Kkalitesini ve hizint artirdigini géstermistir.
Yapay zeka ve makine 6grenimi algoritmalari, AuditFile gibi platformlar tarafindan denetcilerin daha
hizlh ve daha az riskle galismalarina yardimer olmak icin kullanilmaktadir. Denetgiler, yapay zekanin
yardimiyla gorevlerini daha hizli ve dogru bir sekilde tamamlayabilmektedir (Vina, 2024). Bu, yapay
zekanin risk degerlendirme ve denetim verimliligindeki islevi olarak agiklanabilir.

Yapay zeka sikici islemleri basitlestirmekte ve stratejik segimleri bilgilendirmek igin tahmine
dayal analitigin kullamlmasim kolaylastirmaktadir. Bununla birlikte, yapay zek& konusunda uzman ve
anlayish kisilere duyulan ihtiyag, veri givenligi konusundaki endiseler ve yilksek entegrasyon
maliyetleri gibi devam eden zorluklar mevcuttur. Cozilmesi gereken engellere ragmen, muhasebede
yapay zeka kullanmanin faydalari biyktir (Odonkor vd., 2024).

Son olarak, Covid-19 salgininin mevcut durumu g6z Onlne ahndiginda, yapay zekamn
muhasebe ve denetimi nasil etkiledigini tartismak yerinde olacaktir. Yapay zeka ile muhasebe ve
denetim faaliyetleri, 6zellikle devam eden COVID-19 salgini 1s1ginda, gicli ve biyuyen bir iligskiye
sahiptir. Tum bu sektorlerin faaliyetleri pandemi nedeniyle gevrimici ortama tasinmis ve ¢ok sayida
uygulama pandemi glvenlik yonergelerini karsilayacak sekilde ayarlanmigtir. Dunyamin doért bir
yanindaki hiikimetler, pandeminin endustriler ve ekonomiler lzerindeki olumsuz etkilerini azaltmak
amaciyla modern teknolojilerin uygulanmasim en 6nemli 6ncelik haline getirmistir. Geleneksel
yontemlerle karsilastirilchginda, yapay zeka teknolojisi Uretkenligi, kaliteyi, glvenligi ve problem
¢cozme yeteneklerini hizla gelistirmektedir (Alareeni ve Hamdan, 2022).

2.3. Yapay Zekanin Muhasebe Denetiminde Roll

YZ, tekrarlayan strecleri otomatiklestirerek ve analizleri basitlestirerek denetim verimliligini
biylk o6l¢ide artirabilir. Denetcilerin dikkat gerektiren alanlara yogunlasmasim saglayarak asiri test
olasiligini azaltir (Dennis, 2024).

Verimlilik ve gelistirilmis planlama; yapay zeka, denetim verimliligini 6nemli dlglide artirmak
icin sikici gorevleri otomatiklestirebilir ve analizi kolaylastirabilir. Denetcilerin dikkat edilmesi gereken
alanlara odaklanmasini saglayarak asiri test olasiligini azaltir (Dennis, 2024).
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Veri analizi tespiti; yapay zeka, denetgilerin biyik miktarda veriyi analiz etmesini hizlandirir
ve dogrulugunu artirir. Denetim kalitesini artirarak insan denetcilerin gézden kagirabilecegi egilimleri
ve anormallikleri bulur (Aitkazinov, 2023).

Risk degerlendirmesi ve mutabakat; yapay zeka teknolojisi, hesaplar: denetgilerden daha hizh
ve dogru bir sekilde uzlastirabilir. Banka ekstrelerini, sozlesmeleri ve diger verileri inceleyerek risk
tespit ve degerlendirme streclerini gelistirir (Dennis, 2024).

Iyilestirilmis denetim kalitesi ve verimliligi; denetimlerde yapay zekadan yararlanmanin birincil
amaci kaliteyi artirmaktir, verimlilik ise bunu ikinci sirada takip etmektedir. Yapay zeka, denetgcilerin
tim veri setleriyle calismasini saglamaktadir (Fedyk vd., 2022).

Yapay zek& ve veri analitiginin kullanilmaya baslanmasiyla birlikte denetimlerin yuritalme
sekli 6nemli Olcude degismistir. Son teknolojiler, finansal raporlamanin genel kalibresini gelistirme,
denetim verimliligini ve dogrulugunu artirma ve is operasyonlarina iliskin derin i¢ggortler sunma guctine
sahiptir (Samweez, 2023).

Yapay zekd, tim veri setlerini analiz ederek anormallikleri ve yiksek riskli islemleri
belirleyebilir ve denetcilerin 6nemli alanlara odaklanmasina yardimci olur. Manuel 6rneklemeden
kapsamli analize gecis, denetim kalitesini artirmakta ve degerli icgoriler saglamaktadir (Bradley, 2023).

Kiresel finansal raporlama ve denetim, yapay zeka ile buyik bir ivme kazanmistir. Bu
teknolojinin kullaniminin bir dizi sektdrde dnemli 6lgtide artmas, isletmelerin bilgi akisi igin daha etkili
kanallar olusturmasina, risklerin belirlenmesine ve kapasitelerini artirmasina olanak saglamaktadir.
Yapay zeka kullanimi sayesinde denetgiler artik baska tirli gdzden kagirabilecekleri kaliplari,
anormallikleri ve aykir1 degerleri tespit edebilmektedir. Yapay zekd, prosedirlerin otomasyonu yoluyla
denetcilerin daha yuksek riskli alanlara daha fazla zaman ayirmalarini saglayarak denetimlerin kalitesini
ve derinligini artirmaktadir (Menon, 2021).

Yapay zekénin isletme muhasebesini otomasyonla bitunlestirdigi dérdinct sanayi devrimi
caginda, denetcilerin olasi sorunlari ve tehlikeleri tespit etmek igin buylik miktarda veriye erismesi ve
bunlar: analiz etmesi gerekmektedir. Yapay zekd, denetgilere kiyasla buyik hacimli verileri daha hizh
islemektedir (Thottoli, 2024; Dennis, 2024).

Yapay zekd, surecleri kolaylastirarak ve denetim kalitesini yukselterek énimizdeki on yil
icinde denetim surecini blyuk 6lglde degistirecektir (Stockle, 2023). Dort blyuk denetim firmasindan
biri olan Deloitte, yapay zekanin kullammina onculik etmektedir. Girisimleri gesitli kategorileri
kapsamaktadir (Faggella, 2020):

- Uriin: Deloitte, miisteriye yardimci olan yapay zeka teknolojisini dogrudan hizmetlerinde
kullamyor. Ornegin, yapay zeka odakh belge inceleme araci, s6zlesmelerden ilgili bilgilerin
cikarilmasini otomatiklestirerek sikici insan isini azaltiyor.

- Sureg: Deloitte, gunlik operasyonlari ve sirecleri optimize etmek igin yapay zekayi
kullanarak verimliligi artirtyor. Denetim kalitesi, denetcilerin gorevleri otomatiklestirerek
daha fazla risk igeren alanlara odaklanmasiyla artirilabilir.

- Gozlem: Yapay zekd, iyi dustnulmis kararlarin alinmasini kolaylastirir. Deloitte, yapay
zeka odakl icgorilere dayali 6zel tavsiyeler sunarak hem yeni hem de koklu firmalara
yardimci olmaktadir.

Deloitte'un yapay zekéya olan baglilhgi, teknolojinin etkinligini ve verimliligini artirarak

denetim uygulamalarint donistiirme potansiyelini vurgulamaktadir.

GenAl (Generative Artificial Intelligence) alani, dil modelleme teknolojisi olarak bilinen
LLM'nin gelistirilmesinin bir sonucu olarak énemli dlctde gelismistir. Bu teknoloji, tutarli metne ek
olarak neredeyse konusma duizeyinde grafikler ve kod tretmektedir. Finansal raporlama ve muhasebe
icin olasi sonuclar oldukca dikkat ¢ekicidir. Muhasebe uzmanlari GenAl kullanarak belgeleri hazirlama
ve igleme sirecini hizlandirabilir ve gorevleri tamamlayabilir. GenAl'nin yeni kisitlamalar ve olasi
tehlikeleri yonetme gerekliligi karsisinda bile hizla gelistigi agiktir. Finansal raporlama yetenekleri,
rekabetci analiz tekniklerini, doklimantasyonu ve muhasebe arastirmalarini gelistirmek icin iyi
hazirlanmis muhasebe operasyonlar: tarafindan kullanilabilir (Cassidy ve Hittner, 2024).

3. Literatlr Taramasi

Zemankova (2019), blokzincir ve yapay zekdmn muhasebe ve denetim alanindaki
uygulamalarint arastirmistir. Calismanin temel amaci, 6zellikle risk degerlendirmesine vurgu yaparak,
yapay zek& kullanilarak daha iyi hale getirilebilecek denetim gdrevlerini incelemektir. Blokzincir
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teknolojisini ve bunun denetimler (izerindeki etkilerini incelemek de bir diger hedeftir. Makalenin ilk
O6nemli bolimu blokzincir tabanl akilli denetim proseddrlerini ve akilli s6zlesmeleri incelemektedir.
Yapay zekanin denetimdeki énemini vurgulayan birincil denetim goérevlerinin kapsamli bir sekilde
incelenmesi, calismanin devam eden glivenceden elde ettigi birincil sonuclardan biridir. Raporda ayrica,
denetimde blokzincir teknolojisinden yararlanmanin, verimlilik ve butiinltgin yani sira daha dustk hata
olasihig: da dahil olmak tizere temel faydalari vurgulanmaktadir.

de Andrade Simfes vd. (2021) calismalarinda, blokzincir teknolojisinin muhasebe
denetimlerinde bir ara¢ olarak kullanilmasinin avantajlarint incelemislerdir. Calismanin metodolojisi,
teorik bir deneme yapmak ve calismanin amacina ulasmak icin muhasebe denetimi ve blokzincir
teknolojisinin olas: faydalar: hakkinda ulusal ve uluslararas: literatiiriin incelenmesini icermektedir. Bu
olasi faydalar ile muhasebe denetgileri tarafindan kullanilan uygulamalar arasindaki iliskiyi analiz etmek
ana hedeftir. Calismanin sonunda, literattrden elde edilen sonuclar, karmasikligina ragmen blokzincir
teknolojisinin finansal raporlama ve denetim uygulamalarini gelistirmek igin bir firsat sundugunu
gostermektedir. Denetciler bu teknolojiyi uygulayarak, denetim kanitlarint dogrudan blokzincirlerden
alan surecler olusturabilir ve siirecleri bu teknolojinin avantajlarini en st diizeye cikaracak sekilde
ayarlayabilirler. Denetciler potansiyel yeni riskleri de g6z 6nlinde bulundurmalidir. Denetim streci daha
strekli hale gelse de, denetgilerin muhasebe tahminlerini ve finansal tablolarin hazirlanmasi suirecinde
yonetim tarafindan ahnan diger kararlar1 degerlendirirken mesleki muhakeme kullanmalar
gerekecektir.

Yang vd. (2021) calismasi, teknoloji-organizasyon-gevre (TOE) cercevesini kullanarak, bir Big
Four muhasebe firmasinin denetim uygulamasinda yapay zekay: benimsemesini etkileyen temel
faktorleri arastirmakta ve acgikhga kavusturmaktadir. ikincil verilerin yardimiyla, vaka calismasi
metodolojisini kullanarak firmanin karar vericileri ile yar1 yapilandirilmis gérismeler gerceklestirmistir.
Arastirma, bir firmamin benimseme sirecinin, teknolojinin uygunlugu, teknolojik engeller, iletisim
strecleri, baglanti aracilar, firma kapsami ve hazirligi, diizenleyici ortam ve beklenen endustri
gelismeleri dahil olmak Uzere gesitli faktorlerden etkilendigini gostermektedir. Calismanin saglayacagi
organizasyonel dlzeyde yapay zekanin benimsenmesinin daha iyi anlasiimasi, literatiriin ilerlemesine
katkida bulunacaktir. TOE cergevesini desteklemek icin ek ampirik veriler saglayarak teknoloji
benimseme anlayisimizin temelini olusturan kavramlar: glglendirebilir. Firmalarin bu bilgiyi, yapay
zeka kabiliyetinin kendi firmalar1 ve dis cevreleri igin uygun olup olmadiginm degerlendirmek igin
kullanabilmeleri, denetim meslegi igin pratik bir faydadir.

Hasan (2022), yapay zekanin muhasebe ve denetim alanindaki uygulamalarina vurgu yapan bir
calismasinda ilgili alanda yayinlanmis kitaplar ve dergiler, yari sistematik veya anlati incelemesi analitik
teknigi kullanilarak analiz edilmistir. Calismada asagidaki sonuglar ¢ikarilmigtir: Bir sonraki seviyeye
gecmek icin muhasebe ve denetim meslekleri, Endustri 4.0'in getirdigi yikici teknolojilere yanit olarak
degismelidir. Muhasebe ve denetimde yapay zekd arastirmalari disiplinler arasi isbirligi
gerektirmektedir. Muhasebe ve denetimde artan yapay zek& kullaniminin, artan dogruluk, tretkenlik ve
verimlilik gibi faydalar getirmesi beklenmektedir. Ancak ayn zamanda servet ve gelir esitsizligi,
geleneksel islerin gelecegi ve egitimden yoksun bir isglicinl egitme ihtiyaci gibi sorulari da giindeme
getirmektedir. Bu paradigma degisimini etkili bir sekilde ele almak ve dgrencileri, politika yapicilar ve
profesyonelleri buytk veri, blokzincir teknolojisi, yapay zeka ve dordiincii sanayi devrimini baslatan
diger gelismelerle dolu bir diinyanin zorluklarina yeterince hazirlamak igin egitimciler, duzenleyiciler
ve meslek kuruluglari hazir olmalidir. Akademik muhasebe programlarinin giincellenmesi
gerekmektedir. Degisimi saglamak icin dizenleyiciler devrim niteliginde politikalar uygulamahdir.
Meslek drgutleri de yakinda is giiciine katilacak ve kendi alanlarinda liderlik pozisyonlarini Ustlenecek
profesyonelleri yeniden egitmelidir. Muhasebe ve denetim alanlarinda yapay zek&nin gelistirilmesi ve
uygulanmasinin hem avantajlari hem de dezavantajlari olacagi agiktir. Muhasebe ve denetim
mesleklerinin gelecegi sliphesiz yakin gelecekte énemli 6lgiide degisecektir, ancak tam olarak neyin ve
nasil degisecegi hala belirsizdir.

Kaur vd. (2023) gore, yapay zek& hem muhasebe hilelerini tespit etmek ve durdurmak hem
finansal tablolarin dogrulugunu artirmak icin kullanilabilir. Yapay zeka ilerlemesi ve artan kullanim,
muhasebe ve denetim firmalarina fayda saglayabilir veya zarar verebilir. Bu g¢alismada, muhasebe
hilelerini durdurmak ve finansal tablolarin dogrulugunu artirmak icin yapay zeka uygulamasi
tartisitimaktadir. Yapay zeka cesitli isletmelerde kullanilmasinin faydalar ve dezavantajlari vardir.
Degisim kacinilmaz oldugundan, muhasebe ve denetim sektorleri yakinda énemli degisiklikler
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gorecektir. Calisma, muhasebe personelinin yapay zek&nin daha genis cercevesi icinde kendi bilgi ve
yeteneklerini nasil gelistirmesi gerektigini vurgulamaya devam etmektedir. Bu ¢alisma, yapay zekénin
muhasebe sektoriini nasil etkileyebilecegini ve gelecekte yapay zekanmin giderek daha fazla kullanilacagi
bir isgucune hazirlanmak igin neler yapilmasi gerektigini incelemektedir.

Kindzeka (2023) yapay zekanin giinimizde finansal raporlama, denetim ve muhasebede nasil
uygulandiginm gostermeye calismistir. Calisma, metodoloji olarak tanimlayici bir arastirma yaklasimi
kullanmustir. Bu tir bir ¢caligma tasariminin amaci, tanimlanmas bir degiskenin mevcut durumuna iliskin
bir agiklama saglamaktir. Bilgiler ikincil kaynaklardan toplanmistir. Sonuclar, muhasebe, denetim ve
finansal raporlamanin su anda gesitli yapay zeka teknolojilerini kullandigini gostermektedir. Yapay zeka
uzman sistemleri, teknik bilgi ve insan deneyimlerinden yola ¢ikarak kolektif davranis veya uygulama
tretmeye calisir. Yapay zeka ayrica, modern muhasebede biyiik hacimli verilerin entegrasyonuna ve
islenmesine olanak taniyan otomatik veri girisi gibi 0zellikleri kolaylastirarak muhasebe alanin:
genisletmistir. Calismaya gore, muhasebe standartlarina uygun yiksek kaliteli sistemleri garanti altina
almak icin, gelecekteki yasa koyucularin yapay zeka sisteminin muhasebe paradigmas: iginde
standartlastirildigindan emin olmalar: gerekmektedir.

Blokzincir teknolojisinin muhasebe uygulamalarina ve derslerine entegre edilmesine yonelik
beklentiler, zorluklar ve yaklasimlar Desai (2023) tarafindan incelenmistir. Arastirma, muhasebe ile
baglantili blokzincir ile ilgili bilesenlerin muhasebe mifredatina ve prosedirlerine dahil edilmesinin
gerekliligini agiklamak icin inovasyon teorisinin yayilmasini kullanmistir. Ayrica, uzman dili veya asir
teknolojik karmasiklik kullanmadan bu hedefe ulagsmak igin yontemler Onermektedir. Calisma,
blokzincir teknolojisinin muhasebe, vergi ve denetim hizmetleri alanlarinda nasil kullanilabilecegine
dair net bir 6rnek sunmaktadir. Bununla birlikte, muhasebe ekonomi, finans, bilgisayar bilimleri ve
muhendisligi iceren disiplinler arasi bir alan oldugundan, blokzinciri muhasebe mifredatina entegre
etmek bu alandaki akademisyenler igin zor bir gorev teskil etmektedir.

Han vd. (2023) muhasebe ve denetimin blokzincir teknolojisi ve yapay zeké ile
gerceklestirilmesini tartismaktadir. Calisma, blokzincir teknolojisi ile muhasebede kayit tutma
konusundaki degisikliklere isaret eden dort temay: gozden gecirmekte ve 6zetlemektedir. Denetim,
izlenebilir ve denetlenebilir blokzincir verilerini kullanan yapay zeka araglartyla denetim etkinligini
artirabilir. Bu inceleme, blokzincir destekli muhasebenin bilgi asimetrisini nasil 6nleyebilecegini ve tuim
paydaslari nasil dahil edebilecegini agiklamak igin temsilci ve paydas teorilerini kullanarak sonuglar
yorumlamakta blokzincir isbirligini organize etmenin yeni yollarint sunmaktadir. Bu durum,
muhasebede blokzinciri benimsemenin potansiyel riskleriyle karsi karsiya kalan kuruluslar: zorlayacak
yeni ve gelisen bir teknolojidir. Bu nedenle, blokzincir destekli muhasebe kullanimina iliskin daha fazla
vakayr kesfetmek icin daha fazla arastirmaya ihtiya¢ vardir. Son olarak, calisma gelecekteki
aragtirmalarin cevap arayabilecegi bazi sorular onermekte, bdylece ampirik arastirmalar yoluyla
blokzincir literatriini genisletmektedir.

Elmaasrawy vd. (2024), bir denetim midsterisinin blokzincir teknolojisini kullanmasinin
muhasebe tahminlerinin denetimi (zerindeki etkisini arastirmistir. Calismanin amaci, bir sirketin
blokzincir teknolojisini kullanmasinin muhasebe tahminlerinin denetimi zerindeki etkisini, ézellikle
dogal risk, kontrol riski ve denetim kanitlarinin toplanmasina odaklanarak arastirmaktir. Calisma, 249
denetciden olusan bir 6rneklemden veri toplama araci olarak bir anket igermektedir. Hipotezler kismi
en kugik kareler yaklasimi kullanilarak test edilmistir. Bulgular, denetim misterileri tarafindan is
strekliliginin kullanilmas ile denetim gorevlerinin denetiminde hem goriilme orani hem de tamlik oram
arasinda dogrudan bir iliski oldugunu gostermistir.

Nadanasabai vd. (2024), blokzincir ve akilli sdzlesmelerin finansal islemlere ve denetimlere
getirebilecegi cigir acan yenilikleri ve blokzincir teknolojisinin muhasebe sektérini nasil
donustirebilecegini incelemektedir. Merkezi olmayan ve seffaf karakterinin altin1 ¢izen calisma,
blokzincir teknolojisinin muhasebe sistemini 6nemli 6lgude iyilestirme potansiyeline sahip olan bilgi
kalitesini nasil artirabilecegine dair kapsaml: bir analiz sunmaktadir. Onemli uzlasma engellerinin yam
sira ¢ozilmemis sorunlar da bulunmustur ve genel bakis sonuglarina gére daha fazla arastirma yapilmasi
gerekmektedir. Calisma ayrica siber giivenlik, uygun mimari, 6lceklenebilirlik ve uyarlanabilirlik de
dahil olmak Uzere bir dizi blokzincir teknolojisi sorununu ele almis ve blokzincir teknolojisinin bir
muhasebe sistemine tam olarak entegre edilebilmesi icin diizenleyiciler ve denetcilerin bir anlasmaya
varmasi gerektigini ortaya koymustur.
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4. Blokzincir Tabanh Muhasebe Denetiminde Yapay Zeka Teknolojisi

Yapay zekanin blockchain ile entegrasyonu, finansal hizmetlerde mevzuata uyum ve risk
yonetimi igin firsatlar sunmaktadir. Yapay zeké destekli yasal uyumluluk ¢oztmleri, blyuk miktarda
yasal veriyi analiz eder, uyumluluk risklerini belirler ve yasal gerekliliklere uyulmasini saglar. Bu
cozumleri blokzincir tabanlh yasal raporlama sistemleriyle entegre ederek, finans kurumlar: seffafligi,
denetlenebilirligi ve yasal gbzetimi artirabilir, finansal ekosistemde guven ve uyumu tesvik edebilir
(Odeyemi vd., 2024: 271).

Blokzincir gibi diger teknolojilerle birlestirildiginde yapay zek&nin genis kapsamli sonuglar ve
etkileri olacaktir. Bu bakimdan farkl: blokzincirler arasinda sorunsuz entegrasyonun yani sira ilgili
bilgilere erisim de gerekmektedir. Bu tiir bir glivence, bilgi simsar1 ya da verilere 'evrensel’ erigsimi olan
bir duzenleyici gibi tglincl bir tarafca saglanabilir (Moll ve Yigitbasioglu, 2019: 15).

Yapay zekd, hatalari veya tehlikeleri gosterebilecek kaliplari, anormallikleri ve egilimleri
bulmak icin denetim alanindaki biyuk hacimli verileri analiz edebilir. Denetgilerin tum veri setlerini
gorsellestirmelerine yardimc: olarak, risk tamimlamasini gelistirmeye ve énemli faktorlere dncelik
vermeye yardimci olur (Deloitte, 2024).

Blokzincir teknolojisi, islemleri kaydetmek ve onaylamak igin dagitilmis, degistirilemez bir
yontem sunar. Denetim izi ve finansal veri dogrulugu ve guvenilirligi, bunun uygulanmasiyla 6nemli
Olglde artirilabilir (wwwe.aiforsocialgood.ca). Blokzincirdeki her islem kodla dogrulanabildiginden,
rastgele drnekleme gerekliligini ortadan kaldirarak gergek zamanli denetim mimkiin hale getirilebilir
(Www.ey.com).

Muhasebe denetimi icin blokzincir ve yapay zeka potansiyeli asagidaki gibi siralanabilir
(Deloitte, 2024; EY, 2016):

1) 1s akislarim standartlagtirma ve hizlandirma: Yapay zekanin robotik siire¢ otomasyonu
olarak adlandirilan bir yonl, denetim prosedurlerini standartlastirma ve hizlandirma
potansiyeline sahiptir.

2) Veri analizini gelistirme: Yapay zekd, denetcilere verilerdeki aykiri degerleri,
anormallikleri ve korelasyonlari anlamada yardimci olabilir.

3) Denetim kalitesini artirma: Yapay zeka, denetimlerin kalitesini artirabilecek buylk veri
kiimelerinin kullamim1 yoluyla i¢cgoruli veriler Uretebilir.

4) Gergek zamanh denetimin uygulanmasi: Blokzincir teknolojisi, finansal islemlerin
strekli olarak dogrulanmasini ve izlenmesini mimkin kilar.

Yapay zeka akilli sOzlesmeleri denetler, blokzincirlere erisimi kontrol eder, konsorsiyum
blokzincirler icin bir hizmet denetleyicisi olarak islev gorur ve blokzincir tabanl muhasebe denetiminde
tahkim yerine onay saglar. Bu prosedirler muhasebe ve denetim araliklarinin verimliligini, seffafligim
ve givenilirligini artirmaktadir (Kunselman, 2021).

Blokzincir teknolojisi (izerine yapilan arastirmalar, nesnelerin interneti ve yapay zeka destekli
akill sozlesmeler (izerine yapilan galismalari da icermektedir. Ayrica, blokzincir ve YZ, denetgiler
tarafindan YZ sistemlerinde kullanilan verilerin giivenilirligi ve verimliligi Gizerinde dogrudan bir etkiye
sahiptir ve bu da daha fazla glivence ve verimlilik saglar (Sheela vd., 2023).

Temeller aynt kalmakta ancak blokzincir dikkate alinmasi gereken yeni kurallar ve tehlikeler
eklemektedir. Ornegin, kagit makbuzlar yerine islem karmalarina olan mevcut giiven, yeni bir islem
dogrulama yontemi gerektirmektedir. Yapay zekd, usulstzllkleri tespit etmek ve islem butinlugund
garanti altina almak icin blokzincir verilerini analiz ederek bu konuda yardimci olabilir (Elshqgirat,
2023).

Blokzincir, iglemlerin kolayca erigilebilir ve degistirilemez bir kaydin1 saglayarak insan
dogrulamasina ve denetimlerine olan ihtiyaci ortadan kaldirir. Yapay zekd, dogrulugu otomatiklestirerek
ve artirarak denetim stirecini gelistirir ve denetcilere islerinde yardimci olur (Lalwani, 2023).

Elde edilecek firsatlarla birlikte zorluklar da bahsi gegen teknolojilerle birlikte gelmektedir.
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Tablo 1: Yapay Zeké ve Blokzincir Kullanarak Gergek Zamanh Denetim Uygulamanmin Zorluklar
Zorluk Aciklama

Karsilastirmali Yavashk Blokzincirdeki islem zamanlamalar1 geleneksel
merkezi sistemlerdekinden daha yavastir. Blokzincir
merkezi olmadigindan, ag Kkullanicilart arasinda
mutabakat olusturulmas: gereklidir ve bu da her bir
islemin islem siresini uzatir.

Yiksek Glg Tuketimi Blokzincir aglari, 6zellikle Bitcoin gibi is kaniti
(PoW) blokzincirler olmak tizere ¢ok fazla islem giicii
gerektirir. Blokzincir dugumlerini cahstirmak cok
fazla enerji gerektirir, bu da maliyetleri artirir ve gevre
lizerinde olumsuz bir etkiye sahiptir.

Gizlilik Endiseleri Herkese acik bir blokzincirdeki her islem agdaki her
kullanici tarafindan gorilebilir. Seffaflik glvenligi
artirir, ancak ayni zamanda gizlilik sorunlarina da yol
acar. Denetciler, seffaflik ve sorumluluk degerlerini
korurken hassas verileri ele almak icin taktikler
gelistirmelidir.

Standartlarin Eksikligi Blokzincir sektorli standartlastirilmis  ve tutarh
uygulamalar gerektirir. Farkl blokzincirler tarafindan
kullanilan mutabakat teknikleri, akilli s6zlesme dilleri
ve veri mimarileri farklilik g&sterebilir. Gergek
zamanl denetimler gerceklestirirken denetgilerin bu
dalgalanmalara uyum saglamasi gerekir.

Sinirl: Olgeklenebilirlik Mevcut blokzincir aglarinin 6lgeklenebilirlikle ilgili
sorunlar: vardir. islem hacmi arttikga ag tikanabilir ve
bu da gercek zamanl denetim yapma kapasitesini
engelleyebilir. Olgeklenebilirlik sorunlarina ¢ézim
olarak  katman-2  protokolleri ~ ve  sharding
gelistirilmeye devam etmektedir.

Akilli Sézlegmelerin Karmasiklig: Denetgiler blokzincirin entegre akilli sozlesmelerini
anlamali ve dogrulamahdir. Kendi kendini yiriten
sozlesmeler karmasik olabilir ve bunlardaki kodlama
hatalar: tahmin edilmeyen sonuclar dogurabilir. Akilh
sOzlesmelerin dogru ve guvenli oldugundan emin
olmak ¢ok 6nemlidir.

Veri Dogrulama ve Kanit Toplama Geleneksel olarak denetciler fatura ve sdzlesme gibi
belgelerin dogrulanmasindan elde edilen kanitlara
guvenirler. Blokzincir nedeniyle, denetciler agdan
gercek zamanli denetim kaniti elde etmek igin
yontemler gelistirmelidir. Blokzincir veri dogrulamasi
bu acidan geleneksel yontemlerden farklidir.
Diizenleyici Belirsizlik Blokzincir teknolojisine iliskin yasal yap1 surekli
gelismekte ve degismektedir. Ilgili diizenlemelere
uyumu saglamak i¢in denetgiler, blokzincir teknolojisi
kullanilarak gerceklestirilen islemlere iliskin yasal
sorumluluklarinin farkinda olmalidir.

Kaynak: Tablo, E&Y (2016), Jaffer (2021) ve Elshqgirat (2023)’ten elde edilen bilgiler ile yazar
tarafindan olusturulmustur.

Son olarak, bu konuyu profesyonel bir bakis acisiyla degerlendirmek faydal olacaktir. Diger
bircok yeni teknoloji gibi, blokzincir teknolojisi de kuruluslar tarafindan kullaniimaktadir.
Muhasebecilerin ve denetgilerin yeni islem turlerini anlayabilmeleri, degerlendirebilmeleri ve analiz
edebilmeleri icin beceri setlerini genisletmeleri 6nemlidir. Blokzincir teknolojisini kullanan muhasebe
firmalar1, bu teknolojiyi kullanarak islem gegmislerini baglatabilmek, dogrulayabilmek ve izleyebilmek
icin personeline egitim vermelidir. Dis denetgiler, yeni hizmetler sunmak ve blokzincir teknolojisiyle
ilgili mevcut glivence tekniklerini gelistirmek igin gerekli bilgileri edinmezlerse, teknolojik olarak daha
becerikli kuruluslar tarafindan desteklenme riskiyle kars1 karsiya kalirlar (Elshgirat, 2023).
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5. Muhasebe Denetiminde Yapay Zekéa Uygulamasi

Calismanin bu kisminda cesitli istem (prompt) kullanilarak bir yapay zeka araci olan Bing
Copilot uzerinden bir denetim uygulamas: gergeklestirilecektir. Uygulamanin amaci, bir yapay zeka
aracimn muhasebe denetiminde islevselligini test etmekle birlikte 6zel olarak muhasebe denetimi icin
uretilmemis olan Bing Copilot yapay zeka aracinin muhasebe alaninda verimliligini 6lgmektir.

Eulerich ve Wood (2023) calismalarinda buna benzer bir uygulama ortaya koymuslardir. Ancak
s0z konusu arastirmacilarin kullandiklar yapay zeka aract ChatCPT olmustur. Bu ¢alismanin 6zgunligi
ise kullanilacak yapay zeka aracimin farkliligindan kaynaklanmaktadir. Bununla birlikte bu ¢alismada
s0z konusu arastirmacilarin kullanmis olduklari istemlerin bazilarindan dogrudan bazilarindan ise
uyarlama yaparak yararlaniimistir.

Arastirmacilar tim istemlerin daha spesifik sirket (veya en azindan denetim) bilgileri eklenerek
gelistirilebilecegini ¢calismalarinda ifade etmislerdir.

Son olarak, Eulerich ve Wood (2023) caligmalarinda risk bazli denetim planlamasi, denetimi
hazirligi, denetimin yiritilmesi, raporlama ve takip bagliklar altinda cesitli asamalar1 ele almiglardir.
Bu calismada yalnizca risk bazli denetim planlamasina ait uygulama gergeklestirilmistir.

Tablo 2: Bing Copilot ile Muhasebe Denetimi

Bing Copilot Asamalar, istemler ve Ciktilar

Asama: Denetim Evreninin Tasarimi

Istem: Liitfen havayolu sektoriinde faaliyet gosteren ve cok uluslu lokasyonlara sahip bir sirket icin
potansiyel denetim amaglarin: tanimlayin. Sirket Borsa Istanbul'da islem gérmektedir.

Cikti: Havayolu sektorlinde faaliyet gosteren birgok uluslu sirketin potansiyel denetim amaclari,
genellikle asagidaki alanlarda yogunlasir:

Finansal islemler ve Raporlama: Sirketin finansal tablolari, gelir akis1, nakit akisi ve finansal oranlar
dikkatlice incelenir. Bu denetim, finansal raporlarin dogrulugunu ve seffafligin1 saglamay: amaglar.
Operasyonel Sirecler: Havayolu sirketlerinin operasyonel sirecleri, ugus guvenligi, bakim, kargo
yonetimi, yolcu hizmetleri ve personel yonetimi gibi alanlarda denetlenir. Bu, is stirekliligi ve etkinlik
acisindan énemlidir.

Ucus Emniyeti ve Glvenlik: Ugus emniyeti, ugak bakimi, pilot egitimi ve guvenlik protokolleri
denetlenir. Bu, yolcu glvenligi ve havacilik sektoriniin dizenlemelere uygunlugunu saglamay:
amaglar.

Yasal ve Dizenleyici Uyum: Havayolu sirketleri, ulusal ve uluslararas: diizenlemelere uyum
saglamahdir. Denetimler, bu yasal gereksinimlere uygunlugu kontrol eder.

Risk Yonetimi: Sirketin risk yonetimi politikalari, operasyonel riskler, finansal riskler ve gtvenlik
riskleri denetlenir. Bu, sirketin riskleri etkili bir sekilde yonetip yonetmedigini degerlendirmeyi
amaglar.

Bing Copilot Asamalar, istemler ve Ciktilar

Asama: Denetim Plani Gelistirme

Istem: Litfen bir muhasebe denetim fonksiyonu icin yillik bir denetim plan: olusturun. Her denetim,
farkli uzmanliklarina gore iki denetgiden olusmahdir: Planda Siralama 1. Satiglar 2. Fikri Mulkiyet
Fikri Mulkiyet 3. Finansal Raporlama Sureci 4. Transfer Fiyatlandirmasi.

Ana Beceri Seti Denetci 1 Finansal Denetci 2 Satis Denetci 3 Fikri Miilkiyet Denetci 4 Genel Is
Bilgisi

Cikti: Tabii ki! iste yillik bir muhasebe denetim plan: 6nerisi:

Satiglar Denetimi:

Denet¢i 1: Finansal alaninda uzman

Denetg¢i 2: Satis alaninda uzman

Fikri Milkiyet Denetimi:

Denetci 3: Fikri mulkiyet konularinda uzman
Denetci 4: Genel is bilgisine sahip

Finansal Raporlama Siireci Denetimi:
Denetci 1: Finansal alaninda uzman
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Denet¢i 2: Genel ig bilgisine sahip

Transfer Fiyatlandirmas: Denetimi:

Denetc¢i 3: Genel is bilgisine sahip

Denetci 4: Transfer fiyatlandirmas: konularinda uzman

Bu plan, farkli uzmanlik alanlarina sahip denetgilerin is birligi yaparak sirketin muhasebe streclerini
etkili bir sekilde denetlemesini saglayacaktir. Her denetim, belirli bir konuya odaklanacak ve sirketin
finansal dogruluk, yasal uyum ve risk yonetimi gibi alanlarda performansin: degerlendirecektir.
Bing Copilot Asamalar, istemler ve Ciktilar

Asama: Denetim Plan1 Glncelleme

Istem: Denetci 1'in Ocak-Subat-Mart aylarinda planh bir tatili var. Liitfen denetim planin
guncelleyin.

Cikti: Elbette! Denetim planini guncelleyelim:

Satiglar Denetimi:

Denet¢i 2: Satis alaninda uzman

Fikri Mulkiyet Denetimi:

Denetci 3: Fikri milkiyet konularinda uzman

Denetci 4: Genel is bilgisine sahip

Finansal Raporlama Siireci Denetimi:

Denetci 2: Genel is bilgisine sahip

Transfer Fiyatlandirmas: Denetimi:

Denetci 3: Genel is bilgisine sahip

Denetci 4: Transfer fiyatlandirmas: konularinda uzman
Bu guncellenmis plan, tatil dénemi g6z 6nunde bulundurularak denetimleri etkili bir sekilde
gerceklestirmemizi saglayacakiir.

Bulgular ve Tartisma

Ciktilara bakildiginda;

Bing Copilot yapay zeka aract muhasebe denetimi igin temel bilesenlerden olan finansal tablolara
deginmis ve burada denetimin amacinda dogruluk ve seffaflik oldugunu vurgulamistir. Bununla birlikte
havayolu sirketleri icin operasyonel faaliyetlerin dnemli oldugu ve bunun is strekliligi ve etkinligi icin
Onem arz ettigini vurgulamistir. Bing Copilot yapay zeka araci ilaveten yolcu giivenligini de denetimin
amaclar1 arasinda dahil etmistir. Mevzuat da ciktilar arasinda yerini almis ve uluslararasi vurgusu
yapilmigtir. Son olarak denetimin ayrilmaz pargasi olan risk yonetimi de yonetim politikalari,
operasyonel riskler ve finansal riskler 6zelinde vurgulanmustir.

Yillik bir muhasebe denetimi plani olusturmada Bing Copilot yapay zeka araci denetgiler igin cesitli
denetim alanlar: belirlemistir. Bu alanlar satis, fikri mulkiyet, genel is bilgisi, transfer fiyatlandirma
olarak 6zetlemek mumkindir. Yapay zeké araci hem genel hem 6zel alanlara deginmistir.

1 numaral denetginin tatili olmas1 durumunda giincellenen denetim planinda ise yapilan glincelleme
yalmzca 1 numarali denetginin denetimden ¢ikartilmis olmasidir. Denetim planin geriye kalan kismi da
guncellenmemistir.

Eulerich ve Wodd (2023) ile karsilastirildiginda, ChatGPT daha detayl: ve teknik bilgiler sunarken, Bing
daha yiizeysel ve teoride kalan bilgiler sunmustur. Orneklendirerek ifade etmek gerekirse, denetim
evreninin tasarimi agamasint ChatGPT finansal raporlama ve muhasebe, transfer fiyatlandirma, tlkeye
0zgu mevzuat uyumlulugu, tedarik zinciri yonetimi, siber giivenlik, yolsuzlukla ve riisvetle miicadele,
i¢ kontroller ve risk yonetimi, fikri milkiyet hakkinin korunmasi ve lisanslanma, kurumsal yonetim gibi
fazla sayida baglikta ele almigken, Bing finansal islemler ve raporlama, operasyonel sirecler, ugus
emniyeti ve givenlik, yasal ve diizenleyici uyum ve risk yonetimi olarak az sayida baslikta ele almistir.
flaveten, ChatGPT’nin bashklar: daha spesifiklik arz etmektedir. Bunlara transfer fiyatlandirma, tedarik
zinciri yonetimi, kurum yonetim basliklara 6rnek olarak verilebilir. Yani, ChatGPT ile muhasebe
denetimi gerceklestirmek isteyen ya da muhasebe denetimi gerceklestirirken ChatGPT’den yararlanmak
isteyen bir denetgi, Bing’den yararlanacak olan bir denetgiye gore daha avantajli gézikmektedir.
Bulgularin bir baska a¢idan tartisiimas: gerekirse, Eulerich ve Wodd (2023) calismalarina bakildiginda
ChatGPT istemleri yanit verirken herhangi bir kaynaktan yararlanmamigtir. Buna karsin Bing, verdigi
bazi cevaplarda cesitli kaynaklardan yararlanmistir. Bu noktada hangi yapay zeka aracinin denetgi igin
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faydali olacag: tartismaya acik bir konudur. Clnki ChatGPT daha spesifik ve uygulamaya yonelik
ciktilar sunarken kaynak sunmamaktadir. Buna karsin Bing zaman zaman kaynaklar vererek ¢ikti
sunmasina ragmen bilgileri teori duzeyinde kalmaktadir. Dolayisiyla bu nokta ifade etmek gerekir ki
Genel Kabul Gormus Denetim Standartlari (GKGDS) alt bagliklarindan Genel Standartlarda yer alan
Mesleki Egitim ve Deneyim Standardi yapay zekanin kullanilacagi muhasebe denetiminde 6nemini
koruyacak, belki de artiracaktir. Bu noktada muhasebe denetiminde yapay zekanin kullanilmast ile ilgili
egitimler alinabilir ve bu egitimler kapsaminda gesitli uygulamalar gerceklestirilebilir. Clinki buradan
elde edilecek deneyimler, denetgiler adina denetimin en dogruya yakin bir sekilde gergeklestirilmesi icin
fazlasiyla 6nem arz edecektir.

Planlamanin disinda herhangi bir olay gerceklestiginde (6rnegin denetim plani giuncelleme asamasi),
ChatGPT daha uretken, detayli, faydali bilgiler sunarken, Bing daha statik bir yaklasim sergilemektedir.
Orneklendirerek ifade etmek gerekirse, ChatGPT denetim plani gelistirme asamasinda “/lk ceyrek, en
ylksek risk seviyesi gdz Onine alindiginda Transfer Fiyatlandirmasinin denetimine ayr:lacaktr.
Denetci 4'Un genel ig bilgisi, Transfer Fiyatland:rmaszyla ilgili is etkileri ve operasyonel yonlerin
bitiinsel bir gorinimiini saglayacakt:r.” ¢iktisini sunarken, denetim giincellemesi asamasinda “/1k
ceyrek artik orijinal plandaki ikinci en yiksek risk seviyesi olan Satiglar:n denetimine ayrilacaktr.
Denetci 4, bu denetimi genel is bilgisiyle destekleyecek ve satislar:n operasyonel ve ticari yonlerini
inceleyecektir.” ¢iktisint sunmustur. Buna karsin Bing’in sundugu ¢iktida tek bir durum séz konusudur;
Denetci 1’in planlamadan ¢ikarilmasi. Yani, ortada bir “agik” s6z konusudur. Bu *“agik” Denetci 1’in
yerinin doldurulmamasi ile ilgilidir.

SONUC

Blokzincir gibi yeni nesil teknolojiler, gesitli is sektdrlerinde énemli degisikliklere yol agmaktadir. Bu
degisimler, baz1 is kollarinin déniisiimine veya tamamen yok olmasina neden olabilir. Sirketlerin, bu
tir olasi degisikliklerden olumsuz etkilenmemek icin yeni teknolojilere adapte olmalar: sarttir.
Muhasebe denetimi alani, teknolojik ilerlemelerden etkilenmistir. Ozellikle blokzincir ve yapay zeka
teknolojilerinin muhasebe denetimine etkileri ve bu alandaki potansiyel rolleri, sektor ve akademik
cevrelerce incelenmektedir. Bu arastirma, blokzincir destekli muhasebe denetiminde yapay zek&min
islevlerini teorik ve pratik agidan incelemektedir.

Galismada yapay zekanin muhasebe denetimindeki rolu yalnizca iki farkl yapay zeka araci tizerinden
analiz edilmistir. Bununla birlikte muhasebe denetiminin her safhasi igin analiz yapilmamistir. Ayrica
kullanilan istemler de sinirh sayidadir. Bu vb. hususlar ¢alismanin sinirliliklarint olusturmaktadir. Buna
karsin, calisma muhasebe denetiminde yapay zeka araclarinin kullanim potansiyelini ortaya
koymaktadir. Akademik camianin ilgisinde olan bu husus, bilhassa bagimsiz denetciler igin 6nem arz
etmektedir. Cunki gelismekte olan teknolojiler muhasebe denetimi alaninda yer edindikleri icin,
calismadaki uygulama bagimsiz denetgilere yol gosterici harita niteligindedir.

Yapay zeka ve blokzincir entegrasyonu, finansal hizmetlerdeki mevzuat uyumu ve risk yoénetimi
acisindan yeni imkanlar sunmaktadir. Yapay zeka tabanli yasal uyumluluk araglari, genis bir yasal veri
setini analiz ederek uygunlugu saglar. Bu araglarin blokzincir ile desteklenen yasal raporlama
sistemleriyle entegrasyonu, finansal kuruluglarin seffafligin1 ve denetlenebilirligini artirarak, finansal
ekosistemin guven ve uyumunu giiclendirebilir.

Yapay zeka ve blokzincir teknolojilerinin birlesimi, genis capli sonuglar doguracaktir. Ornegin, kredi
degerlendirmesi ve global bir blokzincir agi Uzerinde surekli izleme yapay zeka igin iddial bir kullamm
olabilir. Bu, ¢esitli blokzincirler arasinda kesintisiz bir entegrasyon ve ilgili verilere erisim gerektirir.
Bir bilgi aracis1 veya verilere genel erisim saglayan bir diizenleyici, bu tur bir givenligi temin edebilir.
Yapay zeké, denetim alaninda desenleri ve trendleri tespit etmek (izere genis veri setlerini analiz edebilir.
Bu durum, riskleri ve hatalari ortaya ¢ikarabilir. Denetgilere tam veri setlerini gorsellestirmede yardimci
olur, boylece risk algilamalarini iyilestirebilir ve énemli konulara odaklanabilirler.

Yapay zek, blokzincir destekli muhasebe denetiminde cesitli roller Ustlenir; bunlar arasinda tahkim
yerine akilli s6zlesmelerin denetimi, konsorsiyum, blokzincirler icin hizmet denetgisi olarak gorev
yapma ve blokzincirlere erisim yonetimi bulunmaktadir. Bu uygulamalar, muhasebe ve denetim
streclerini daha seffaf, etkin ve glvenilir kilar.
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