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Aragtirmalar, tip égrencilerinin  biyoistatistik konusundaki bilgi diizeylerinin beklenenden diisiik
Makale Tiirii:  oldugunu géstermistir. Bu durum biyoistatistik egitiminde yeni yontemlerin uygulanmasi ihtiyacin
Aragtirma Makalesi  dogurmaktadir. Bu ¢alismanmin amaci, ChatGPT'nin biyoistatistik alaninda bir egitim asistant olarak
Gelis Tarihi: uygulanabilirligini degerlendirmektir. ChatGPT, OpenAl tarafindan gelistirilmis bir dogal dil igleme
19.07.2023 modelidir. Kullanicilar tarafindan sorulan sorulara insan benzeri cevaplar vermekte ve bilgi edinmek
icin ¢esitli alanlarda kullaniimaktadir. ChatGPT, en yeni GPT-4 modeliyle ¢calisirken, onceki siiriim olan
Kabul Tarihi: GPT-3.5 halen kullanimdadir. Bu ¢alismada da 245 Marmara Universitesi Tip Fakiiltesi 6grencisinin
16.09.2023 biyoistatistik performanslari, temel biyoistatistik konularini kapsayan bir sinav kullanilarak ChatGPT-

3.5 ve ChatGPT-4 ile karsilastirildi. SonuglarElde edilen bulgulara gére ChatGPT-3.5 sinavda %80,

ChatGPT-4 ise %100 basar: orani elde etmistir. Buna karsilik, ogrenciler %67,9 basar: orani elde ettiler.
©2023 UYBISBBD Ayrica ChatGPT-3.5 matematiksel hesaplama gerektiren sorularda sadece %33 basart oram
Tiim haklari saklidir.  kaydederken, ChatGPT-4 bu sorularda %100 basart orami elde etmistir. Sonu¢ olarak ChatGPT,
biyoistatistik alaninda potansiyel bir egitim asistanidwr. Mevcut siiriimdeki basarisi dnceki siiriime gore
onemli 6l¢iide artmigtir. Yeni siiriimler ¢iktikga daha fazla ¢calismaya ihtiya¢ duyulacaktir.

Anahtar Kelimeler: ChatGPT, Biyoistatistik, Egitim, NLP.
Abstract

Article Info Studies have shown that the level of knowledge in biostatistics among medical students is lower than
expected. This situation calls for the need to implement new methods in biostatistics education. The aim
of this study is to evaluate the feasibility of ChatGPT as an education assistant in biostatistics. ChatGPT
is a natural language processing model developed by OpenAl. It provides human-like responses to

Paper Type:
Research Paper

Received: questions asked by users and is utilized in various fields for gaining information. ChatGPT operates with
19.07.2023 the latest GPT-4 model, while the previous version, GPT-3.5, is still in use. In this study the biostatistics

performance of 245 Marmara University School of Medicine students was compared to ChatGPT-3.5 and
Accepted: ChatGPT-4 using an exam covering basic biostatistics topics. According to findings, ChatGPT-3.5
16.09.2023 achieved 80% success rate in the exam, while ChatGPT-4 achieved 100% success rate. In contrast, the

students achieved 67.9% success rate. Furthermore, ChatGPT-3.5 only recorded 33% success rate in

questions requiring mathematical calculations, while ChatGPT-4 achieved 100% success rate in these
©2023 UYBISBBD  questions. In conclusion, ChatGPT is a potential education assistant in biostatistics. Its success has
All rights reserved.  increased significantly in the current version compared to the previous one. Further studies will be
needed as new versions are released.
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1. INTRODUCTION

Chat Generative Pre-Trained Transformer (ChatGPT) is an artificial intelligence language
model developed by OpenAl that was released on November 30, 2022, as a product of the natural
language processing (NLP) subfield of artificial intelligence. Unlike other artificial intelligence
models, ChatGPT has been trained with various databases to answer user questions, but it can also
respond to consecutive questions, accept, and correct errors in its responses, and refuse to answer
inappropriate questions. These properties provide users with a human-like conversation experience.
Therefore, ChatGPT's usage has become widespread reaching one million users just five days after
its release. 1

It has been working on chatbots for approximately 80 years. Based on the possibility of
machines being able to think, humanity has made many chatbot attempts until today. All these
chatbots work relying on a system called natural language processing (NLP), which aims to enable
machines to understand human language. 2 The latest version of ChatGPT is ChatGPT-4, previous
model ChatGPT-3.5 is also available. On March 14, 2023, OpenAl released ChatGPT-4, almost 1
year after ChatGPT-3.5. According to OpenAl, in comparison to GPT-3.5, GPT-4 has an 82%
reduced likelihood of replying to queries involving prohibited content. Additionally, GPT-4 exhibits
a 40% higher probability of generating accurate answers.3,4

There are numerous studies related to the capabilities of ChatGPT-3.5. Examples include its
usability in medical education, 5,6,7,8, interpreting radiology reports 9 and its abilities in
mathematics. 10 In contrast, capability studies on ChatGPT-4 are still limited in number. According
to information released by OpenAl, ChatGPT-4, which was tested in various fields such as statistics,
mathematics, history, and biology, has achieved much higher scores compared to ChatGPT-3.5. 3,4

Biostatistics is a scientific discipline that deals with the application and development of
statistical theory and methods in the field of life and health sciences.11 A medical professional must
have sufficient knowledge of biostatistics to understand research in the medical literature, interpret
statistical results, and increase his/her utilization of the literature. This competency is examined
through the concept of Biostatistics.12 The evidence-based medicine, which began to be used in the
late 20th century, highlights the need for medical knowledge to be produced based on scientific study
and statistically proven data, rather than solely relying on the individual experience and preferences
of expert clinicians. In this regard, medical professionals need to have a strong knowledge of
biostatistics to use evidence-based medical information.13

There are few studies in the literature that evaluate the level of biostatistical knowledge and
literacy of pre-graduate and post-graduate medical students. A literature search was conducted on
the Google Scholar database using the keyword groups "biostatistical knowledge" and "medical
students” for studies published from 2019 to the present day, and six studies evaluating the
biostatistical knowledge levels of students were reviewed. Two of these studies have evaluated the
knowledge levels of residents, 14,15 while four have evaluated the knowledge levels of medical
students currently enrolled in undergraduate programs. 16,17,18,19 All studies reported that the
biostatistical knowledge and literacy levels of students were lower than expected. In this context,
some academics have expressed concerns that biostatistical knowledge is not being used accurately
enough in published articles, including high-impact factor journals, and that this lack of knowledge
leads to the use of incorrect statistical methods.20,21 Therefore, the importance of new learning
techniques and programs in biostatistics education has been emphasized.

The success of ChatGPT in various fields, including medicine, has been examined in different
studies by applying the same examinations used for students to ChatGPT. For example, in a study
conducted in Turkey, the performance of ChatGPT in the field of Anatomy was evaluated using an
examination administered to students, and ChatGPT was found to outperform the students.22
However, there is no study available that compares ChatGPT's 3.5 and 4.0 versions or evaluates its
performance in the field of biostatistics.
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The aim of this study is to compare the success rates of biostatistics questions in the committee
exam for Marmara University Medical School students with both ChatGPT-3.5 and ChatGPT-4.5.
Thus, the following evaluations will be provided regarding ChatGPT:

« Usability of its responses about biostatistics,
« Its ability to act as an assistant in biostatistics education,
 The competency difference between ChatGPT-3.5 and ChatGPT-4 in the field of biostatistics.

2. MATERIAL AND METHOD

In this study, the questions in the first year second term committee exam of Marmara University
Medical School were used. 10 biostatistics questions were asked totally in the committee exam. The
questions were prepared in English by the faculty members of the Biostatistics Department of
Marmara University Medical School. The topics of biostatistics questions were asked in the
committee exam were given below as; Principles of Statistical Analysis, Elements of Statistical
Inference, Bayes' Theorem, Sampling, Distribution and Estimation, T-Test, Testing Statistical
Hypothesis, Types of Errors in Statistical Inference, Probability and Probability Distribution,
Parametric and Nonparametric Methods and Introduction to Statistical Analysis.

A total of 245 students participated in the exam, which was performed face-to-face at Marmara
University Faculty of Medical School on January 19, 2023.The students' rates of answering the
questions correctly were obtained from a software called Corporate Education Management and
Planning System (Kurumsal Egitim Y0onetimi ve Planlama Sistemi - KEYPS). KEYPS is a software
that provides assessment and evaluation services to various higher education institutions in Turkey,
including Marmara University Medical School.23 After the committee exam, analyses related to the
exam are published on the website of KEYPS. The rates of students' answering correctly to each
biostatistics question asked in the exam, were obtained.

Each biostatistics question in the exam has been presented to ChatGPT-3.5 and ChatGPT-4
without any modification on February 28, 2023, and March 18, 2023, respectively. The responses and
accuracy status provided by ChatGPT were recorded.

3. RESULTS

Table 1 displays the topics of the exam with the performance of the students, the performance
of ChatGPT-3.5, the performance of ChatGPT-4. As examples of ChatGPT's responses, the first 6
questions of the exam and the answers provided by ChatGPT-3.5 and ChatGPT-4 are shown in Table
2 and Table 3.

In the exam consisting of a total of 10 biostatistics questions, ChatGPT-3.5 answered correctly
8 of these questions, achieving 80% success but ChatGPT-4 answered correctly all the questions,
achieving 100% success. However, the average success rate per question for the students was found
to be 67.9% (Table 1).

Table 1. Topics of questions and performances of students*, ChatGPT-3.5 and ChatGPT-4 in exam

Question Topic Students ChatGPT-3.5 ChatGPT-4
1 Probability and Probability Distribution 60.73% True True
2 Bayes’ Theorem 79.35% False True
3 Introduction to Statistical Analysis 46.15% True True
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4 Sampling, Distribution and Estimation 72.47% True True
5 Elements of Statistical Interference 87.04% False True
6 Testing Statistical Hypothesis 67.61% True True
7 Types of Errors in Statistical Inference 62.75% True True
8 Parametric and Nonparametric Methods 47.37% True True
9 T-Test 68.42% True True
10 Principles of Statistical Analysis 87.04% True True

AVERAGE SCORE 67.9% 80% 100%

*Given values for students are average scores of all 245 students.

There was one question per topic, the success rates of the students according to the topics were
found to be as follows: Principles of Statistical Analysis 87.04%, Elements of Statistical Inference
87.04%, Bayes' Theorem 79.35%, Sampling, Distribution and Estimation 72.47%, T-Test 68.42%,
Testing Statistical Hypothesis 67.61%, Types of Errors in Statistical Inference 62.75%, Probability
and Probability Distribution 60.73%, Parametric and Nonparametric Methods 47.37%, and
Introduction to Statistical Analysis 46.15% (Table 1).

Out of the 10 questions in the exam, 3 of them required mathematical calculations (Table 2 and
Table 3). ChatGPT-3.5 correctly answered only 1 of these 3 questions, resulting in a success rate of
33%. In contrast, ChatGPT-4 correctly answered all questions requiring mathematical calculations,
achieving a 100% success rate. The average success rate of students in questions requiring
mathematical calculations was found to be 70.8%.

The topics for which ChatGPT-3.5 provided correct answers in the exam are as follows:
Probability and Probability Distribution, Introduction to Statistical Analysis, Sampling, Distribution
and Estimation, Types of Errors in Statistical Inference, Parametric and Nonparametric Methods, T-
Test and Principles of Statistical Analysis. However, topics which ChatGPT-3.5 provided wrong
answers are Bayes’ Theorem and Elements of Statistical Inference. It was observed that the students
gave correct answers at a high rate in the questions where ChatGPT-3.5 answered incorrectly. In
contrast, ChatGPT-4 has accurately answered all the questions posed to it and has shown success in
all topics.
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Table 2. Questions 1-3, responses of ChatGPT-3.5 and ChatGPT-4 for these questions

Question*

Responses of ChatGPT-3.5

Responses of ChatGPT-4

1) Which of the information given
about the binomial distribution is/are
correct?

I. The experiment consists of n
identical trials

I1. The trials are independent

I11. The probability of success on a
single trial is equal to p but varies
from trial to trial

A) Only |

B) Only Il

C) Only 1

D) I and Il

E) Il and 11

2) In a neighborhood, 80% children
were falling sick due flu and 20%
due to measles and no other disease.
The probability of observing rashes
for measles is 0.80 and for flu is 0.05.
If a child develops rashes, find the
child’s probability of having flu.

A) 0.10

B) 0.15

C)0.20

D) 0.30

E) 0.40

3) The average systolic blood
pressure of a group of people is 130
with a standard deviation of 16. What
is the standardized score (or z- score)
of someone with an systolic blood
pressure of 122?

Al

B) -2

C)4

D) -0.5

E) -6

The correct answer is D) | and Il. The binomial
distribution is a discrete probability distribution that
describes the number of successes in a fixed number of
independent trials, each with the same probability of
success. The information given in options | and 1l are
correct. Option | state that the experiment consists of n
identical trials. This is true since the binomial
distribution applies to situations where there are a fixed
number of trials, each of which has the same probability
of success. Option Il states that the trials are
independent. This is also true since the outcome of each
trial does not affect the outcome of any other trial.
Option 11, on the other hand, is not correct. The
probability of success is fixed and constant for all the
trials in a binomial distribution. It does not vary from
trial to trial.

Let's use Bayes' theorem to solve this problem. Let F be
the event that the child has flu, and M be the event that
the child has measles. We want to find the probability of
having flu given that the child has rashes, i.e., P(F | R).
By Bayes' theorem, we have: P(F|R) =P(R|F) P(F) /
[P(R|F) P(F) + P(R| M) P(M)] where P(R | F) =0.05 is
the probability of observing rashes given the child has
flu, and P(R | M) = 0.80 is the probability of observing
rashes given the child has measles. Also, we know that
P(F) = 0.80 is the prior probability of having flu, and
P(M) = 0.20 is the prior probability of having measles.
Substituting the values, we get: P(F | R) =0.05x 0.80/
[0.05 x 0.80 + 0.80 x 0.20] = 0.0667 Therefore, the
probability of having flu given that the child has rashes
is 0.0667, which is approximately 0.07. Therefore, the
answer is not one of the given options.

To calculate the z-score, we use the formula: z = (x - w) /
o, where x is the individual's systolic blood pressure, p
is the population mean systolic blood pressure, and ¢ is
the population standard deviation. Substituting the given
values: z = (122 - 130) / 16, z = -0.5 Therefore, the
standardized score (or z-score) of someone with a
systolic blood pressure of 122 is -0.5. So, the answer is
option D) -0.5.

D) I and Il, The binomial distribution
has the following characteristics: I. The
experiment consists of n identical trials.
I1. The trials are independent. I1l. The
probability of success on a single trial is
equal to p and remains constant from
trial to trial. Option 111 is incorrect
because the probability of success does
not vary from trial to trial in a binomial
distribution.

We can use Bayes' theorem to solve this
problem. Let F represent flu, M
represent measles, and R represent
rashes. We want to find P(F|R), which is
the probability of having flu given that
the child has rashes. Bayes' theorem
states: P(F|R) = P(R|F) * P(F) / (P(R|F)
* P(F) + P(R|M) * P(M)) We are given
the following probabilities: P(F) = 0.80
(probability of flu) P(M) = 0.20
(probability of measles) P(R|F) = 0.05
(probability of rashes given flu) P(R|M)
= 0.80 (probability of rashes given
measles) Now, substitute the values into
the formula: P(F|R) = (0.05 * 0.80) /
(0.05 * 0.80 + 0.80 * 0.20) P(F|R) =
0.04/(0.04 + 0.16) P(F|R) = 0.04 / 0.20
P(F|R) = 0.20 The correct answer is: C)
0.20

To calculate the z-score, we use the
formula: z = (X - p) / o where X is the
individual's systolic blood pressure, [ is
the average systolic blood pressure, and
o is the standard deviation of systolic
blood pressure. In this case, X = 122, p
=130, and 6 =16.z = (122 - 130) /16 z
=(-8) /16 z = -0.5 The z-score for
someone with a systolic blood pressure
of 122 is: D) -0.5

*True answers of questions are bold.
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Table 3. Questions 4-6, responses of ChatGPT-3.5 and ChatGPT-4 for these questions

Question* Responses of ChatGPT-3.5 Responses of ChatGPT-4
The theoretical probability distribution of any statistic
4) The theoretical probability based on samples of size n drawn at random from a

distribution of any statistic based on
samples of size n drawn at random
from a population is referred to as
A) Binomial Distribution

B) Poisson Distribution

C) Sampling Distribution

D) Bernoulli Distribution

E) F-Distribution

5) Which of the following p values is
obtained, the HO hypothesis is
accepted?

A) 0.03

B) 0.028

C) 0.001

D) 0.059

E) 0.044

6) A researcher wants to evaluate
whether there is a difference in the
amount of cigarette  smoking
depending on whether a person is
diagnosed with major depression. A
total of 100 people with and without
depression were included in the study.
He determined the amount of smoking
of these people and analyzed them. As
a result of the statistical analysis, the p
value was found to be 0.044.

A) Reject HO

B) Fail to accept H1

C) Accept HO

D) Accept H1

E) Fail to reject H1

population is referred to as the "Sampling Distribution".
Therefore, the correct answer is C) Sampling
Distribution. The binomial distribution applies to
situations where there are a fixed number of trials, each
of which has the same probability of success. The Poisson
distribution is used to model the number of occurrences
of rare events. The Bernoulli distribution is a special case
of the binomial distribution, which applies when there is
only one trial. The F-distribution is used to test the
equality of variances of two populations based on sample
data.

The decision to accept or reject the null hypothesis (HO)
based on the p-value depends on the pre-determined
significance level (), which is usually set to 0.05 (5%) in
most fields. If the p-value is less than or equal to the
significance level (p < a), then we reject the null
hypothesis and conclude that the alternative hypothesis
(H1) is supported. Conversely, if the p-value is greater
than the significance level (p > a), then we fail to reject
the null hypothesis and conclude that there is not enough
evidence to support the alternative hypothesis. Therefore,
based on a significance level of 0.05, we would accept the
null hypothesis for options D) 0.059 and E) 0.044, since
their p-values are greater than 0.05. We would reject the
null hypothesis for options A) 0.03, B) 0.028, and C)
0.001, since their p-values are less than or equal to 0.05.
In summary: Accept HO for D) 0.059 and E) 0.04, Reject
HO for A) 0.03, B) 0.028, and C) 0.001

The p-value is a measure of the evidence against the null
hypothesis (HO). A p-value of 0.044 means that there is a
4.4% chance of obtaining the observed results or more
extreme results, assuming that the null hypothesis is true.
The null hypothesis in this case is that there is no
difference in the amount of cigarette smoking between
people with and without major depression. The
alternative hypothesis (H1) is that there is a difference in
smoking behavior between these two groups. The
conventional significance level is 0.05. If the p-value is
less than or equal to the significance level, then we reject
the null hypothesis; otherwise, we fail to reject the null
hypothesis. Since the p-value of 0.044 is less than the
significance level of 0.05, we can reject the null
hypothesis and conclude that there is a statistically
significant difference in the amount of cigarette smoking
between people with and without major depression.
Therefore, the correct answer is A) Reject HO.

The theoretical probability distribution of
any statistic based on samples of size n
drawn at random from a population is
referred to as: C) Sampling Distribution

It is important to note that we do not
"accept” the null hypothesis (HO);
instead, we "fail to reject” it. The p value
is compared to a significance level
(commonly denoted as o), which is
usually set at 0.05. If the p-value is
greater than the significance level, we fail
to reject the null hypothesis. In this case,
only one p-value is greater than 0.05: D)
0.059

The p-value (0.044) is less than the
significance level of 0.05, which
indicates that there is enough evidence to
reject the null hypothesis (HO) in favor of
the alternative hypothesis (H1). The
correct answer is: A) Reject HO

*True answers of questions are bold.
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4. CONCLUSION

Due to its training with a significant amount of data and providing fast and tailor-made
responses to user questions, ChatGPT quickly reached many users. Its ability to present relevant
information in a dialog format has led to investigations into its effectiveness in various fields,
especially for ChatGPT-3.5. The usability and success of ChatGPT in medical education and national
medical exams have been observed by researchers.1,5,6,7,8 A study conducted in Pakistan stated that
ChatGPT could be used effectively in medical education, medical research, and clinical management
due to its ability to provide learning assistance, personalized education with automatic grading.6 The
success of ChatGPT in the USMLE exam has been examined in three different studies in the literature.
According to the results of the studies, the exam scores obtained by ChatGPT and the quality of the
answers it generates in response to questions indicate that it can be used as an efficient assistant in
medical education.6,8,24

According to our study results, ChatGPT-3.5 answered correctly 8 out of the 10 questions.
These two questions that ChatGPT-3.5 answered incorrectly, were the second and the fifth questions,
which had success rates of 79.35% and 87.04% among students, respectively. Interestingly, these two
questions were among the ones with the highest success rates among students. On the other hand,
ChatGPT-4 gave correct answers for all the biostatistics questions. Therefore, it seems that the
performance of ChatGPT-4 looks better than the previous versions.

ChatGPT-3.5 does not only provide the correct answers to the questions but also gives very
helpful explanations even for the questions it answered incorrectly. For example, in first question of
the exam (Table 2), ChatGPT-3.5 not only evaluated the veracity of the provided information but also
elucidated the reasons for the correctness of the first and second pieces of information and the
inaccuracy of the third piece of information. Similarly, in third question (Table 2), which has the
lowest average success rate among students, ChatGPT-3.5 has provided the necessary formula and
explicated the values in the formula according to the scenario presented in the question. ChatGPT-4
was found to be fully successful, and its explanations were shorter and more informative than
ChatGPT-3.5’s explanations.

Out of the 10 Biostatistics questions in the Committee exam we used in our study, three were
numerical questions that required calculations, while the remaining seven were questions that
required interpretation based on knowledge. ChatGPT-3.5 did not make any errors in the
interpretation-based questions, but it answered two out of the three numerical questions incorrectly.
In a study conducted at the University of Minnesota Law School, 25 ChatGPT-3.5 was presented with
both mathematical reasoning and non-mathematically reasoning questions, and it was reported that
ChatGPT-3.5 correctly answered 16 out of 31 (51.6%) non-mathematically reasoning questions. In
our study, ChatGPT-3.5's success rate in these types of questions was found to be 100%. Additionally,
in the Minnesota study, it was reported that ChatGPT-3.5 correctly answered 8 out of 29 (27.5%)
mathematically reasoning questions, while in our study, the success rate for similar types of questions
was found to be 33.3%. In both studies, ChatGPT's performance on questions requiring mathematical
computation was found to be lower. Furthermore, in a study conducted on ChatGPT's performance
in mathematics, it was reported that ChatGPT scored lower than an average mathematics graduate.10
Similarly, in our study, while the average success rate of students in questions requiring mathematical
operations was 70.8%, ChatGPT-3.5's success rate was found to be 33.3%. However, ChatGPT-4’s
success rate was found to be 100%.

According to the results of our study, ChatGPT-4 has demonstrated full success in the basic
biostatistics exam. It has a higher performance compared to ChatGPT-3.5 in terms of both the
accuracy of the answers given to the questions and the explanatory nature of the answers. In research
published by OpenAl, ChatGPT-3.5 and ChatGPT-4 were evaluated in the Advanced Placement (AP)
Statistics exam. Similar to our findings, according to OpenAl's research, while ChatGPT-3.5 achieved
a 40% success rate, ChatGPT-4 achieved more than 80% success.3,4
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ChatGPT-3.5 answered the 2nd and 5th questions incorrectly (Table 2). In the 2nd question
related to Bayes' theorem, ChatGPT-3.5 recognized that Bayes' theorem should be used even though
it was not explicitly mentioned in the question, provided the appropriate formulas, and used the
correct numbers in the formula. However, ChatGPT-3.5 made an error in the calculation and gave a
result of 0.0667 instead of the correct answer of 0.2 for the operation "P (F | R) = 0.05 x 0.80 / [0.05
x 0.80 + 0.80 x 0.20]". It seems that ChatGPT-3.5 understands the question correctly but makes a
mistake in the calculation. Similarly, in an investigated study of ChatGPT-3.5's success in
mathematics, it is reported that ChatGPT understands the question very well but solves it
incorrectly.10

Another question that ChatGPT-3.5 answered incorrectly was the fifth question (Table 2). In
this question, the significance level or the confidence interval was not specified because the students
should know that the significance level is 0.05 at maximum, and this is emphasized many times to
the students who took the exam in the relevant courses. Therefore, the specification of the confidence
interval would not cause a problem. In the explanation related to the question, ChatGPT-3.5
mentioned at the beginning that knowing the alpha value is essential to test null and alternative
hypotheses but proceeded by accepting the most commonly accepted value of 0.05. Therefore, adding
the lack of a confidence interval value as attachments should not affect ChatGPT-3.5's answer as
incorrect. ChatGPT-3.5 has given two different answers to this question: D) 0.059 and E) 0.04.
However, the correct answer had to be only 0.059, but ChatGPT-3.5 has also pointed out 0.04 as the
correct answer, where it is even less than 0.05. It seems that ChatGPT-3.5's mistake in this question
was to compare incorrectly, in particular decimal numbers. However, as a different question, when
asked "Is 0.05 smaller than 0.044?", ChatGPT answered that 0.044 is smaller than 0.05.

Both our study and other studies in the literature show that the answers provided by ChatGPT-
3.5 regarding mathematical operations can be misleading. However, the performance of ChatGPT-4
was better than ChatGPT- 3.5, at least, based on the results of the biostatistics exam, although
ChatGPT-4 still needs further training, we can say that it has reached a sufficient level of Al learning.
Due to its ability to make comments related to biostatistics, select appropriate tests, and have a good
command of basic biostatistics concepts, it can be beneficial to use ChatGPT as an education assistant
in biostatistics education. Providing comprehensive and understandable explanations to questions can
facilitate students' understanding of questions that they are confused about in relation to biostatistics.

It should not be forgotten that the main components of ChatGPT are the actor and critic models,
which are trained using reinforcement learning with human feedback (RLHF). Therefore, even
though ChatGPT is trained on large data, there is often the possibility of errors or oversights during
the training process, and the training data itself may contain inaccurate information. In addition, in
terms of educators, the fact that students can easily access ready-made information may harm their
problem-solving and thinking skills. Relying solely on language models for homework, exams, or
research can result in both unprogressive and uniform responses and ethical violations. However,
another important point to remember is that ChatGPT, as an artificial intelligence language model,
cannot access real-time information and its database is only up to date until a certain point. Therefore,
it cannot provide direct information about current events or data. Instead, it can help us with
information from the past and guide us on how to access up-to-date information.

The most significant limitation of this study is that ChatGPT receives regular updates, and its
capabilities as a natural language processing model may vary across different versions. Since
ChatGPT is a software that continuously updates and expands its database with each update, future
versions of ChatGPT will be at a more advanced level than its current state. Therefore, the
achievements of advanced versions of ChatGPT should also be considered in future studies.
Additionally, the usability of natural language processing technologies other than ChatGPT in
biostatistics education should be evaluated. The accessibility of different technologies by students
can also enhance the efficiency of utilizing these technologies.
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In conclusion, as it can be understood from the correct and comprehensive answers given to the
questions, especially with the explanations created by ChatGPT-4, language models are promising in
the field of education as students can obtain more detailed information and reveal their own
experiences. The use of this technology in combination with traditional biostatistics teaching methods
can provide advantages for both the educator and the student. Based on this, it is thought that
ChatGPT has the possibility of being used as a training assistant in the field of biostatistics.
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Rol yapma oyunlart (RYO), bir bilgisayar oyununda sanal bir karakterin kontrol edilmesine dayanan bir oyun
Makale Tiiri: tiiriidiir. Giiniimiiziin dinamik oyun diinyasinda, oyuncularin karakterlerin gelisimini sekillendirmesi, hikdyenin
Arastirma Makalesi  seyrini etkilemesi ve oyun evrenindeki kararlar: belirlemesi gibi unsurlar, RYO tiiriiniin temel ozelliklerini olusturur.
. . Davrams agact (DA), bilgisayar oyunlari gibi uygulamalarda karakterlerin veya nesnelerin davranislarini
Gelis Tarihi: yonlendirmek igin kullanilan hiyerarsik ve yapilandirilmis bir programlama modelidir. Bu ¢alismada, Sanal
09.08.2023 Gergeklik (SG) ortaminda RYO tiiriinde DA'larin kullaniminin sanal karakter gelisimindeki, hikaye ilerlemesindeki
ve oyuncu kararlarinin yonlendirilmesindeki roliiniin ve etkisinin analiz edilmesi amaglanmigtir. Calismanin temel
Kabul Tarihi: motivasyonu, DA’larimn RYO oyunlarinda kullaniminin, oyuncu deneyimini dinamik olarak sekillendirerek
18.09.2023 zenginlestirecegi olusturmaktadir. Bu motivasyon DA modelinin diger oyun tiirlerinde oldugu gibi RYO tiiriinde de
oyuncularin karakterlerin davramgslarim etkileyerek daha kisisel bir deneyim yasamalarim ve oyun deneyimini
artirmalarint saglayabilecegine dayanmaktadir. Bu baglamda ¢aliymamizda UNITY 3D ortaminda gelistirilen bir
©2023 UYBISBBD RYO oyunu iizerinde (VR-RPG-GAME) ger¢eklestirilen deneylerie test edilmis ve deneylerden elde edilen veriler
Tiim haklar saklidir analiz edilmistir. Soz konusu deneylerde, oyuncularin karakterlerin karar verme yetenekleri, hikdye ilerlemesi,
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diigman etkilesimi ve karakter gelisimi tizerindeki etkilerinin analiz edilmesi ama¢lanmistir. Calismada DA'larin RYO
oyun deneyimi tizerindeki gercek etkisini anlamak igin sistematik bir yaklagim benimsenmistir. VR-RPG-GAME’in
gelistirilmesinde C# programlama dili, DA kiitiiphaneleri ve eklentileri, SG teknolojisi, UNITY Asset Store ve grafik
tasarim araglart kullanilmistir. Bu ¢alismanin ézellikle RYO tiriiniin kullanicilar tarafindan DA tabanli olarak
gelistirilmesi agisindan bilgisayar oyun teknolojisi ¢alisma alanina katki saglayacagi degerlendirilmektedir.

Anahtar Kelimeler: RYO Oyunlari, Davranms Agaglari, Sanal Gergeklik, Bilgisayar Oyunlari, UNITY 3D.
Abstract

Role-playing games (RPG) are a type of game based on controlling a virtual character in a computer game. In today's
dynamic game world, elements such as the players shaping the development of the characters, influencing the course
of the story and determining the decisions in the game universe constitute the main features of the RPG genre.
Behavior tree (DA) is a hierarchical and structured programming model used to guide the behavior of characters or
objects in applications such as computer games. In this study, it is aimed to analyze the role and effect of the use of
DAs in the RPG genre in the Virtual Reality (VR) environment in the development of virtual characters, story
progression and directing player decisions. The main motivation of the study is that the use of DAs in RPG games
will enrich the player experience by dynamically shaping it. This motivation is based on the fact that the DA model
can provide a more personal experience and increase the game experience by influencing the behavior of the
characters in the RPG genre, as in other game genres. In this context, in our study, a RPG game (VR-RPG-GAME)
developed in the UNITY 3D environment has been tested with experiments and comprehensive game data made within
the scope of the results obtained from the experiments have been analyzed. In these experiments, it was aimed to
analyze the effects of the players on the decision-making abilities of the characters, story progression, enemy
interaction and character development. A systematic approach was adopted in the study to understand the true impact
of DAs on the RPG gaming experience. C# programming language, DA libraries and plugins, SG technology, UNITY
Asset Store and graphic design tools were used in the development of VR-RPG-GAME. It is considered that this study
will contribute to the field of computer game technology, especially in terms of the development of RPG by users as
DA-based.
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1. GIRIS

Rol yapma oyunlar1 (RYO), bir oyun diinyasinda sanal bir karakteri kontrol etmeyi igeren bir
bilgisayar oyunu tiiriidiir. RYO tiirii, oyuncularin bir karakteri kontrol ettigi, hikaye ilerletmeye ve
karar vermeye dayali oyunlardir (Hitchens ve dig., 2008). RYO'larin temel 6zelligi, oyunculara genis
bir ozgirlik ve katilim saglamasidir. Bu oyun tiiriinde oyuncular, karakterlerini gelistirme,
yeteneklerini artirma, ekipman toplama ve hikayeyi ilerletme gibi unsurlar1 yonlendirebilmektedirler.
Bu tiir oyunlarda, oyuncular genellikle karakterlerini belirli siniflara veya yeteneklere sahip olarak
baslatabilmekte =~ ve daha sonra oyun icindeki sec¢imlerine gore  karakterlerini
sekillendirebilmektedirler.  Oyundaki  hikaye ilerledik¢e, oyuncular farkli  gorevleri
tamamlayabilmekte, Ornegin diisman oyuncu karakterler ile savasabilmekte ve diyaloglarla
etkilesimde bulunmak suretiyle oyun diinyasini kesfedebilmektedirler. Bu oyun tiiriinde oyuncularin
kararlari, hikayenin seyrini etkileyebilmektedir. RYO'lar genellikle derinlemesine hikdye anlatimi,
karakter gelisimi ve oyuncunun sec¢imlerine dayali etkilesim gibi 6zelliklere odaklanmaktadirlar.
RYO tiirli, oyunculara kendi oyun deneyimlerini sekillendirebilme ve oyuncularin kendilerini
oyundaki karakterlerin yerine koyabilme yetenegini de oyuncularina sunabilmektedir. Sekil 1°de
sunuldugu tlizere RYO tiiriiniin oyun pazarindaki toplam gelirinin 2022 yilinda 63 milyar ABD
dolarina ulagmasi, bu oyun tiiriiniin 2022-2027 yillar1 arasindaki yillik biiylime oraninin %8.37 olarak

gerceklesmesi ve 2027 yilinda pazar hacmi 99 milyar ABD dolarini asmast 6ngoriilmektedir
(Statistica, 2023).
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Davranis Agaglar1 (DA), bir organizmanin veya nesnenin davraniglarini yonlendirmek i¢in
kullanilan hiyerarsik ve aga¢ seklinde bir yaklasimdir. Bir DA, davranislarin hiyerarsik bir sekilde
diizenlenmesine izin veren, baglangigta genis bir gorevi karmasikligi azaltilmis birkag alt agacta
ayristiran bir yapidir (Nicolau ve dig., 2016). DA'lar, 6zellikle YZ alaninda, oyun ve robotik gibi
cesitli alanlarda kullanilan 6nemli bir programlama modelidir (Colvin ve dig., 2007). DA'lar 6zellikle
video oyunlarinda karakterlerin ve diismanlarin YZ'larmin yonlendirilmesinde yaygin olarak
kullanilan bir programlama modelidir (Champandard ve dig., 2010). DA’larin bilgisayar oyunlarinda
genellikle bir olayin veya durumun gergeklestiginde hangi davranisin uygulanacagini belirlemek i¢in
kullanildig1 goriilmektedir. DA agac yapisi, karar diiglimlerini igerir ve her diigiim, belirli bir kosulu
veya durumu temsil eder. Bu sayede ilgili DA diigiimleri arasindaki iligkiler, kosullar ve alt diigiimler
aracilifiyla programlama mantig1 olusturulabilmektedir. Bu durum oyun diinyasinda karakterlerin
daha gercek¢i ve Ongoriilebilir davraniglar sergilemelerini olanak saglamaktadir. DA'lar, oyun
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gelistirme siireglerinde karakterlerin akillica ve tutarli bir sekilde davranmalarini saglamak amaciyla
kullanildig1 gibi, robotik, simiilasyon ve YZ uygulamalarinda da kullanilabilmektedir. DA'lar,
bilgisayar oyunlarinda modiiler YZ'y1 etkinlestirmek i¢in bir ara¢ olarak icat edildi, ancak son on
yilda robotik camiasinda artan miktarda ilgi gordii (Iovino ve dig., 2022).

Sanal gergeklik (SG), bilgisayar tarafindan olusturulan {i¢ boyutlu bir simiilasyon ortaminda
kullanicinin duygusal olarak algiladig1 ve etkin bir sekilde kontrol edebildigi bir sistemdir (Kayabasi,
2002). Bu baglamda SG, kullanicinin gercek diinyada olmadigi bir ortami deneyimlemesini saglayan
bir teknolojidir. SG teknolojilerinin seri liretimi ve oyun sektoriinde kullanilmaya baslanilmasinin
1990’11 yillarda basladig1 goriilmektedir. Bu teknoloji genellikle gozliik veya baslik gibi cihazlar
aracilifiyla kullaniciya gergek diinyadan izole bir deneyim sunar. SG, kullanicinin tamamen farkl
bir ortama adim atmasini saglar ve etkilesimde bulundugu sanal diinyay1 ger¢ekmis gibi algilamasina
yardimci olur. Bilgisayar oyunlarinda SG teknolojisi oyuncunun oyun diinyasina daha derinlemesine
girmesini saglayan bir deneyim sunmak i¢in kullanilmaktadir. SG teknolojisi sayesinde oyuncular,
oyun diinyasinda sanki gercek bir karakter gibi hareket edebilir, etkilesimde bulunabilir ve oyunun
icine daha fazla dahil olabilir.

Bu ¢alismada RYO tiirtinde DA'larin kullaniminin sanal karakterlerin evriminde, hikayenin
ilerlemesinde ve oyuncu kararlarmin yonlendirilmesindeki roliiniiniin ve etkilerinin sistematik bir
sekilde analiz edilmesi amaglanmistir. Calismanin motivasyonunu "DA'larin RYO oyunlarinda
kullanimi, oyuncu deneyimini dinamik bir bi¢imde sekillendirerek zenginlestirir." seklindeki ifade
olusturmaktadir. Bu motivasyon, oyuncularin karakter davraniglarini etkileyerek daha bireysel ve
derinlemesine bir deneyim yasamalarini saglayabilecegini ve bunun sonucunda oyun deneyiminin
katmanlarin1 artirabilecegine dayanmaktadir. Bu baglamda c¢alismamizda UNITY 3D ortaminda
gelistirilen bir RYO oyunu iizerinde (VR-RPG-GAME) DA modeli gergeklestirilen deneylerle test
edilmistir. Calisma kapsaminda gerceklestirilen deneylerde, oyuncularin karakterlerin karar alma
yeteneklerinin, hikdyenin seyrinin, diigmanlarla etkilesimin ve karakter gelisiminin analitik bir
sekilde degerlendirilmistir. Deney sonuglarina uygun olarak yapilan kapsamli oyun verileri
analizinde oyuncularin oyunu oynarken yaptiklari secimler, karakter gelisimini etkileyen tercihleri ve
hikaye ilerlemesini sekillendiren kararlar1 degerlendirilmistir. Bu verilere dayanarak, DA'nin
kullaniminin RYO tiiriindeki oyuncu deneyimi tizerindeki etkisi istatistiksel olarak analiz edilmistir.
Deneylerde DA kullanildiginda oyuncularin daha fazla se¢im yapma egiliminde olup olmadig1 veya
hikaye ilerlemesinin daha akicit olup olmadigmi incelenmistir. VR-RPG-GAME'in gelistirilme
stirecinde C# programlama dilinde DA kiitiiphaneleri ve eklentileri, SG teknolojisi, UNITY Asset
Store'un kaynaklar1 ve grafik tasarim araclari aktif bir bigimde kullanilmustir.

Bu arastirmanin baglica katkilar1 su sekilde ifade edilebilir:

* DA'larin RY O karakter davraniglarini nasil yonlendirdigi ve bu oyun tiiriiniin temel 6zellikleri
aciklanmaktadir.

« Ozellikle DA'larin RYO oyunlarinda oyuncu deneyimini dinamik bir sekilde zenginlestirme
potansiyeline vurgu yapilmaktadir.

* UNITY 3D ortaminda gerceklestirilen deneylerle DA kullaniminin RYO oyunlarinin oyuncu
kararlar1, hikaye ilerlemesi ve karakter gelisimi lizerindeki etkileri analiz edilmektedir.

* Bu c¢alismanin, RYO oyunlariin DA tabanli olarak gelistirilmesine ve bilgisayar oyun
teknolojisi alanina katki saglayabilecegi degerlendirilmektedir.

Calismanin 2’inci boliimiinde literatiir taramamiz kapsaminda incelenen ilgili ¢aligmalar,
3’lincli boliimde aragtirmaya iliskin materyal ve metot anlatilmig, 4’lincii bolimde g¢alismada
gerceklestirilen deneysel sonuglar agiklanmis ve son bolimde calismaya iliskin sonu¢ ve
degerlendirmelere yer verilmistir.

2. ILGILI CALISMALAR
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Literatiirde RYO teknolojisi bazinda dijital oyun gelistirme kapsaminda yapilmis farkli
caligmalarin mevcut oldugu goriilmektedir. McHugh (2007) tarafindan yapilan g¢alismada DA
modelinin ii¢ farkli yaklagimi anlatilmaktadir. Bu ii¢ yaklagim, DA’larin nasil tasarlandig1, yonetildigi
ve uygulandigi konusunda farkli stratejiler sunmaktadir. Makalede, her yaklasimin avantajlari,
dezavantajlar1 ve uygulama alanlarina dair bilgiler verilmektedir. Champandard (2007) tarafindan
yapilan ¢alismada gelecek nesil oyun YZ’s1 i¢in DA'lar ele alinmistir. S6z konusu ¢alismada yazarlar
DA'larin oyun gelistiricilerinin daha etkili ve esnek bir sekilde YZ sistemleri tasarlamalarina yardimci
olan 6nemli bir ara¢ oldugu vurgulanmistir. Lim vd. (2010) tarafindan yapilan ¢alismada ticari bir
oyun olan DEFCON isimli oyun i¢in DA'larin evrimsel hesaplama yontemiyle gelistirilmesi ele
almmistir. DEFCON oyunu, ger¢ek zamanli bir strateji oyunudur ve YZ diismanlar1 bu oyunda belirli
davranislarla hareket etmelidir. Calismada, DEFCON oyununda YZ diismanlart i¢in DA'lar
kullanilarak, evrimsel hesaplama yontemiyle oyuncu davraniglar gelistirilmis ve optimize edilmistir.
Yani, YZ diismanlarina dnceden belirlenmis davranislar yerine, evrim siireciyle uygun davranislar
atanmustir. S0z konusu makalede, DA'larin evrimsel hesaplama yontemiyle nasil gelistirildigi, evrim
siirecinin nasil uygulandigt ve DEFCON oyununda YZ diismanlarinin performansinin nasil
degerlendirildigi agiklanmistir. Bu baglamda s6z konusu ¢alisma, DEFCON gibi ticari oyunlarda YZ
diismanlar igin DA ile otomatik davranis olusturmanin ve gelistirmenin énemini ortaya koymustur.
Perez ve dig. (2011) tarafindan yapilan ¢alismada, Mario oyunu i¢in DA'larin evrimsel hesaplama ile
gelistirilmesi ele alinmistir. Yazarlar s6z konusu c¢aligsmalarinda evrimsel hesaplama yontemi olan
"grammatical evolution" kullanilarak, DA'lar1 yapisal olarak kodlamislardir. Nicolau ve dig. (2016)
tarafindan yapilan arastirmada, Mario oyun platformu {izerinde DA yapilarinin evrimsel hesaplama
sistemi ile gelistirilmesi incelenmistir. Sekhavat (2017) tarafindan yapilan ¢alismada, DA'larin temel
isleyisi ve oyun YZ'st alanindaki kullanimini arastirilmig ve oyun karakterlerinin farkli durumlar
altinda nasil tepki verecegini belirlemek ve karmasik davranislar1 daha etkili bir sekilde tasarlamak
icin bu yontemin nasil kullanabilecegi tartisilmaktadir. Edwards ve dig. (2019) tarafindan yapilan
calisgmada RYO oyunlarii konu alan g¢aligmalar incelenmis ve calisma neticesinde etkilesimli
cevresel, sosyal, kiiltiirel ve ekonomik zorluklar1 kapsayan karmasik sorunlarin ele alinmasinda RYO
oyunlarimi énemli roller {istlenebilecegi vurgulanmistir. Sagredo-Olivenza ve dig. (2017) tarafindan
yapilan ¢alismada latform tarzi video oyunlarinda otonom karakterlerin davranislarini yonlendirmek
icin evrimsel DA yaklagimlarinin nasil kullanilabilecegi incelenmistir. S6z konusu g¢alismada
platform tarzi oyunlardaki otonom karakterlerin dogru ve akillica davraniglar sergilemelerinin
onemini ele almaktadir. Yazarlar caligmalarinda ortaya koyduklari yaklasimda evrimsel
algoritmalarin ve davranis agacglarinin kombinasyonunu kullanarak karakter davraniglarinin otomatik
olarak optimize edilmesini amaglamislardir. Barton ve dig. (2019) tarafindan yapilan ¢aligmada,
bilgisayar RYO oyun tarihi ele incelenmistir. S6z konusu ¢alismada yazarlar RYO tiiriiniin gelisimini,
onemli doniim noktalarin1 ve bilgisayar oyunlarinin evrimini kapsamli bir sekilde incelemislerdir.
S6z konusu c¢alisma, bilgisayar oyunlar1 tarihindeki 6nemli donemlerden biri olan RYO tiiriiniin
kokenlerini ve evrimini anlamak i¢in bir kaynak sunmaktadir. S6z konusu ¢alismada yazarlar, RYO
tiiriiniin ortaya ¢ikisindan itibaren nasil gelistigini ve popiilerlik kazandigini, teknolojik ilerlemelerin
ve oyun tasariminin nasil etkiledigini detayli bir sekilde agiklamaktadir. Akpinar (2021) tarafindan
yapilan ¢alismada RYO oyun tiirlerini oynayan 6grencilerde oyun bagimliliklar1 incelenmistir. S6z
konusu ¢alismada akademik algisi orta ve yiiksek olan 6grencilerin psikolojik saglamliliklarinin daha
fazla oldugu ortaya konmus ve aksiyon, strateji, simiilasyon, platform, déviis ve RYO oyun tiirlerini
oynayan Ogrencilerde oyun bagimliliklarinin daha yiiksek oldugu goriildiigii belirtilmistir. Bakan
(2019) tarafindan yapilan ¢alismada RYO oyunu karakterlerinin cinsiyet ve etnik stereotipileri ile 1rk,
cinsiyet, viicut tipleri, cinsel tasvir, kiyafetleri gibi degiskenler arasinda bir iliski olup olmadig:
arastrilmistir. S6z konusu ¢alismada yazarlar tarafindan 107 RYO oyununda yer alan toplam 273 (%
46,2) erkek ve 318 (% 53,8) bayan karakter incelenmistir. S6z konusu ¢alismada yapilan ki-kare
analizinin sonuclari, bagimli ve bagimsiz degiskenler arasinda anlamli farklilik oldugunu
gostermistir. Arenas ve dig. (2022) tarafindan yapilan ¢alismada RYO oyunlarinin ruh saglhigi
alaninda terapdtik kullanimi arastirilmistir. S6z konusu ¢alismada arastirmacilar, RYO oyunlarinin
mental saglik alaninda nasil kullanimini, potansiyel faydalarini ve etkilerini degerlendirmislerdir.
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Winardy ve dig. (2023) tarafindan yapilan ¢aligmada egitimde rol yapma ve rol yapma oyunlari
karsilagtirilmistir. Boysen ve dig. (2023) tarafindan yapilan ¢alismada 6gretmen adaylarinin masaiistii
RYO tiirii lizerinden uzmanlik becerileri degerlendirmis ve bu oyunlari 6gretmenlik egitiminde
kullanmanin potansiyeli arastirilmistir. S6z konusu arastirmada masaiistii RYO tiirlinii oynayan
ogretmen adaylarma bu oyun tiiriiniin mesleki gelisim agisindan olumlu katkilar saglayabilecegi
belirtilmektedir.

Literatiirde incelenen 6rnek c¢aligmalar arasinda DA'larin oyun gelistiricilerine YZ sistemlerini
daha etkili bir sekilde tasarlama konusunda nasil yardimci olabilecegi lizerine McHugh (2007)
tarafindan yapilan calisma gosterilebilir. Ayrica literatirde DA'larin evrimsel hesaplama
yontemleriyle nasil gelistirilebilecegine dair Lim ve dig. (2010) ile Perez ve dig. (2011) tarafindan
s,yapilan arastirmalar gosterilebilir. Ayrica RYO oyunlarinin tarihsel gelisimi iizerine Barton ve dig.
(2019) tarafindan ve ayrica RYO oyunlarimin ruh sagligi alaninda terapotik kullanimi iizerine de
baska bir ¢aligmanin Arenas ve dig. (2022) yapilmis oldugu goriilmektedir. Bu 6rnek calismalar,
DA'larin karakter davraniglari, oyuncu deneyimi ve hikdye ilerlemesi Tlizerindeki etkilerini
anlamamiza yardimci olabilir. Ancak bu ¢alisma, incelenen ¢alismalardan farkli olarak 6zellikle RYO
tirtindeki oyunlarda kullanilan DA'larin roliinii ve etkisini incelemektedir. RYO oyunlarinin temel
ozellikleri, karakter gelisimi, hikdye ilerlemesi ve oyuncu kararlarinin sekillendirilmesi gibi
unsurlarini igermektedir. DA'lar ise ise bu tiir oyunlarda karakterlerin davranislarini yonlendirmek
i¢cin kullanilan bir programlama modelidir. Incelenen diger ¢alismalardan farkl1 olarak bu ¢alismanin
temel motivasyonu, DA'larin RYO oyunlarinda kullaniminin oyuncu deneyimini dinamik bir sekilde
zenginlestirecegi fikrine dayanmaktadir. Yapilan deneyler UNITY 3D ortaminda gelistirilen bir RYO
oyunu tlizerinde gergeklestirilmis ve oyuncularin karakter kararlari, hikdye ilerlemesi, diisman
etkilesimi ve karakter gelisimi lizerindeki etkileri analiz edilmistir.

3. MATERYAL VE METOT
3.1. Rol Yapma Oyunlar1 (RYO)

RYO tiiri, hayal giicii, hikaye anlatimi, karakter gelisimi, kesif ve strateji gibi 6nemli unsurlari
bir araya getiren bir bilgisayar oyun tiiriidiir. Bu oyun tiirli, oyuncularma kendi karakterlerini
olusturabilme 6zgiirliigiinii vermektedir. Boylelikle bu oyun tiiriinde oyuncular oyun karakteriyle
genellikle sanal bir hikdye evreninde maceralara atilabilmektedirler. Bu oyun tiirlinlin en belirgin
ozellikleri arasinda, oyuncularin kendi karakterlerini 0Ozellestirme ve gelistirme yetenegi
gosterilebilir. RYO tiiriiniin zaman igerisinde “Dungeons and Dragons” ile ortaya ¢ikan geleneksel
kalem ve kagit formundan, yiizlerce kisinin iistlendikleri rolleri canlandirdig: biiyiik canli aksiyon
oyununa kadar bir¢ok forma evrildigi goriilmektedir (Hitchens ve dig., 2009).

RYO tiirtinde oyuncular, karakterlerinin goriinlimiinii, yeteneklerini ve kisilik 6zelliklerini
diledikleri gibi tasarlayabilmektedir. Bu sanal oyun karakterleri oyun ilerledik¢e yeni yetenekler ve
ozellikler kazanabilmektedirler. Bu durumun oyunculara kendilerini oyunda daha kisisel ve 6zgiin
hissetme imkan sagladig1 sdylenebilir. Bu oyun tiirii oyuncularina ayrica genis bir sanal diinyay1
kesfetme Ozgiirliigli de sunabilmektedir. Bu sanal diinya, acik bir harita veya boliimlerden
olusturulabilmektedir. Boylelikle oyuncular, kesif yaparak yeni bolgeler, sehirler, magaralar veya
kaleler gibi yerleri kesfedebilmektedirler. Bu sanal ortamlarda, diger karakterlerle etkilesime
gecebilmekte, gorevler alabilmekte veya yan gorevleri tamamlayabilmektedirler. Bu oyunlardaki
sanal karakterler olan NPC'ler (non-player character), yani YZ tarafindan kontrol edilen karakterler,
oyun diinyasinda oyunculara rehberlik edebilmekte, birbirlerine yardim edebilmekte veya hikayenin
ilerlemesinde 6nemli roller oynayabilmektedirler. RYO oyunlarinda oyunun hikaye anlatiminin da
biiyiik bir 6neme sahip oldugu goriilmektedir. RYO tiiriinde oyuncular, genellikle bir ana gérevi takip
ederken, yan gorevler, karakter etkilesimleri ve oyun diinyasinin ge¢misi gibi unsurlarla
karsilagabilmektedirler. Bu hikaye unsurlari, RYO oyununun atmosferini derinlestirebilmekte,
karakterlerin motivasyonlarini ve ge¢mislerini ortaya ¢ikarabilmekte ve oyuncularin oyun diinyasina
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daha fazla baglanmasim saglayabilmektedir. RYU tiiriinde oyuncularin aldig1 kararlar ve yaptig
secimler, genellikle hikayenin gidisatini etkiler ve farkli sonuglara yol acabilmektedir.

3.2. Davranis Agac1 Modeli (DA)

DA'lar bilgisayar oyunlarinda karakterlerin veya YZ tarafindan kontrol edilen sanal oyuncu
karakterlerin davraniglarini belirlemek i¢in kullanilan bir yontemdir. Bu yontem, karmagsik
davraniglarin yonetimini kolaylastiran bir aga¢ yapisi ile karakterlerin kararlarim1 ve eylemlerini
organize eder. Bir DA, bir aga¢ olarak grafiksel olarak temsil edilen bir plan yiiriitme modelidir
(Marcotte ve Hamilton, 2017). DA'lar, bilgisayar oyunlarinda karakter davranislarini yonlendirmek
icin kullanilan bir programlama yontemidir (Ogren, 2012). DA'lar, oyun YZ's1 alaninda karakterlerin
farkli durumlar altinda nasil hareket edecegi, tepki verecegi ve kararlar alacagini belirlemek i¢in
kullanilan bir yontemdir (Ji ve dig., 2014). DA'lar genellikle hiyerarsik bir yapiya sahiptir ve farkli
diigtimlerden olusur. Her diigiim, bir davranis veya kararin temsil edildigi bir bilesenidir. DA’lar,
agac yapisi sayesinde karakterlerin siirekli olarak en uygun davraniglari se¢melerini saglar ve
oyuncuya daha gergekei ve akilli bir yapay zekd deneyimi sunar. DA yaprak diigiimleri, en alt
seviyede yer alan ve karakterin dogrudan bir eylem gergeklestirdigi diigiimlerdir. Ornek olarak,
"Saldirtya Geg" veya "Saklan" gibi diiglimler verilebilir. Bu diiglimler, karakterin o anki durumuna
ve cevresel kosullara bagl olarak dogru davranisi seger. DA dongii diigiimleri, belirli bir kosulun
saglanip saglanmadigim kontrol eden diigiimlerdir. Ornek olarak, "Belirli bir siire boyunca" veya
"Belirli bir mesafede" gibi diiglimler verilebilir. Bu diiglimler, karakterin bir davranisi
gerceklestirmesi icin gerekli olan sartlarin olusup olusmadigini siirekli olarak kontrol eder. DA
diizeltme diigiimleri, farkli davranis diigtimlerini birlestiren ve karakterin hareketlerini kontrol eden
diigiimlerdir. Ornek olarak, "Dizi" veya "Davranis Sekans1" gibi diigiimler verilebilir. Bu diigiimler,
karakterin belirli bir davranis serisini takip etmesini saglar. Ornegin, karakter 6nce "Hedefi Arar",
ardindan "Saldiriya Geger" ve son olarak "Kacar" seklinde bir davranis serisini izleyebilir.

DA'lar karmasik bir YZ davranisinin daha anlasilir ve yonetilebilir olmasini saglar. Ayni
zamanda, dinamik bir sekilde degistirilebilir, yeniden yapilandirilabilir ve genisletilebilir. Ornegin,
karakterin 6ncelikli olarak diismanlara saldirmasini istedigimizde, "Saldirtya Ge¢" diiglimiinii daha
list seviyeye tagtyabiliriz. Bu sekilde, karakterin saldirtya odaklanmasi saglanabilir. Ornek olarak, bir
strateji oyununda bir diigman askerinin davraniginin ele alindig diisiiniildiigiinde DA'lar kullanarak,
diisman askerin kararlarin1 ve eylemleri belirlenebilir. Ilk olarak, asker "Diismam Gozetle"
diiglimiiyle baslar ve etrafindaki diigmanlar1 taramaya baslar. Ardindan, "Hedefi Arar" diiglimiine
gecer ve diilsman askerleri arasinda en biiyiik tehdidi belirler. Sonrasinda, "Saldirtya Geg" diigiimiine
ilerler ve belirlenen hedefe saldirir. Eger saglik durumu diisiikse, "Kac¢" diigiimiine gecer ve glivenli
bir konuma hareket eder. Bu sekilde, diisman asker siirekli olarak en uygun davranislar1 seger ve
stratejik bir sekilde hareket eder. DA'lar, oyun gelistiricilere karakterlerin davraniglarin1 yonetmek
icin giiclii bir ara¢ sunar. Karmagsik bir YZ sistemini organize etmek ve karakterlere gergekci
davranislar kazandirmak i¢in kullanilabilir. Yapi, kolay anlasilabilir ve diizenlenebilir olmasi
sayesinde oyun tasariminda biiyiik bir esneklik saglar.

3.3. Sanal Gerg¢eklik Teknolojisi (SG)

SG teknolojisi, bilgisayar ortaminda olusturulan sanal bir ortamda 3D goriintiiler ve
animasyonlarla etkilesim imkani sunan teknolojidir. Bu teknoloji, Winn vd. (1992) tarafindan
belirttigi gibi, bilgisayar ortaminda biligsel olarak olusturulan genis kapsamli bir sanal ortamdir. Khor
vd. (2016) tarafindan yapilan ¢alismalara gore, SG ortaminda dijital goriintiiler ve mekansal ortam
gercek zamanli olarak, ancak yapay bir sekilde {iretilebilir. Sherman vd. (2002) tarafindan belirttigine
gore, SG ortaminda yapay olarak geri bildirim elde edilebilir ve ger¢ek olmayan bir simiilasyon
ortaminda var olma hissi yaratilabilir. Fuchs vd. (2011) ise SG teknolojisinin yapay bir diinyada
gercek diinyanin belli yonlerinin simiile edilebildigi, sensor motor ve bilissel etkinliklerin miimkiin
oldugu ortamlar oldugunu belirtmektedir. Bu teknoloji, bilgisayar ortaminda olusturulan {i¢ boyutlu
resimlerin ve animasyonlarin teknolojik araclarla insanlarin zihinlerinde gercek bir ortamda bulunma
hissi uyandirmasinin yani sira, bu ortamdaki nesnelerle etkilesimde bulunmalarini da miimkiin kilar.
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SG teknolojileri, gliniimiiziin bir¢ok yeni teknolojisi arasinda yer alir ve ilk olarak 1950'li yillarda bir
grup girisimci mithendis tarafindan sadece bir fikir olarak tasarlandigi s6ylenebilir. SG teknolojisinin
farkl1 alanlarda giderek artan sekilde kullanimi oldugu gériilmektedir. Ozdemirve Ozturk (2022)
tarafindan yapilan c¢alismada cografya egitimi i¢in etkilesimli SG oOgretim uygulamasi
olusturulmustur. Yazarlar tarafindan yapilan s6z konusu arastirmada cografya egitiminde SG tabanl
etkilesimli 6gretim materyallerinin kullaniminin 6grenci basarisi ve motivasyonu iizerinde olumlu bir
etkisi oldugu gosterilmistir. S6z konusu c¢aligsmaya iliskin bu durum SG teknolojisinin egitimdeki
potansiyelini vurgulayan énemli bir bulgu olarak degerlendirilebilir. Avzal ve dig. (2022) tarafindan
yapilan ¢alismada Kiitahya ilinin Cavdarhisar ilgesinde bulunan Aizanoi antik kentinin Zeus tapinagi
icin SG ve artirilmis gergeklik teknolojileri ile yapilan uygulamalari turizm alaninda kullanilabilecek
sekilde entegre etmeye ve dijital platform {lizerinde gezebilme olanagi sunmaya yonelik bir aragtirma
gerceklestirilmistir. S6z konusu ¢alismada, yazarlar turizm sektoriine yonelik olarak artirilmis
gerceklik ve SG teknolojileri ile ilgili model uygulamalar gerceklestirilmislerdir. S6z konusu
caligmanin ayrica, Kiitahya ilinde bulunan Aizanoi antik kentindeki Zeus tapinagi i¢in yapilan ilk
artirilmis gergeklik ve SG uygulamalarini sunmasi agisindan da nemli oldugu anlasiimaktadir. Icten
ve Glingdr (2021) tarafindan yapilan ¢alismada birgok modern ordu tarafindan kullanilan artirilmis
gergeklik ve SG aracglart incelenmistir. Yazarlar s6z konusu calismada askeri uygulamalara ve
egitimlere destek amaciyla kullanilan SG araclarin1 degerlendirmislerdir. Bu 6rnekleri daha farkli
alanlar i¢in ¢ogaltmak da miimkiindiir.

SG ve bilgisayar oyunlari, birbirleriyle yakindan iligkilendirilen teknolojilerdir. SG,
kullanicilara ger¢ek diinyanin disinda bir ortamda bulunma hissi veren bir teknolojidir. Kullanicilar,
bir SG baslik takarak veya 6zel bir SG odas1 kullanarak sanal bir diinyaya adim atarlar. Bu teknoloji,
gergek diinyada olmayan ortamlar1 ve deneyimleri simiile ederek kullanicilar etkileyici bir sekilde
icine ¢eker. Bilgisayar oyunlar ise, interaktif eglence deneyimleri sunan programlardir. Oyuncular,
bilgisayar, oyun konsolu veya mobil cihazlar araciligiyla bu oyunlara eriserek kontrol edilebilen
karakterlerle etkilesimde bulunurlar. Oyunlar, farkli diinyalar kesfetme, hikayeleri deneyimleme ve
gorevleri yerine getirme gibi etkilesimli deneyimler sunar. Bu sayede oyuncular, sanal diinyalarin bir
parcast haline gelir ve kendi se¢imleriyle oyunun gidisatini etkileyebilirler. SG ve bilgisayar oyunlari
birlestiginde, daha etkileyici deneyimler ortaya ¢ikar. SG teknolojisi, oyunculari oyunlarin i¢ine daha
fazla sokar ve onlara gercekei bir his yasatir. Oyuncular, SG basliklar1 ve hareket algilayicilariyla
gercek diinyadaki hareketlerini sanal diinyaya aktarabilir ve oyunun iginde dogal bir sekilde
etkilesimde bulunabilirler. Bu, oyun deneyimini daha gercekg¢i ve heyecan verici hale getirir. SG ve
bilgisayar oyunlari, kullanicilara farkli diinyalar1 kesfetme ve etkilesimli deneyimler yasama imkani
sunan teknolojilerdir. Birlikte kullanildiklarinda, daha etkileyici, eglenceli ve siiriikleyici oyun
deneyimleri elde etmek miimkiin olur.

3.4. Cahsmada Onerilen Sistem

Calismaya iligskin sistem mimarisi Sekil 2'de sunulmustur. S6z konusu mimariye gore bu
calisgmanin merkezinde, RYO tiirlinde gelistirilen bir SG oyunu olan VR-RPG-GAME
bulunmaktadir. Bu oyun, Unity 3D oyun motoru {izerine insa edilmistir ve oyuncularin etkilesimde
bulundugu ana bileseni temsil etmektedir. Oyunda karakterlerin davranislar1 ve kararlari, 6zellikle
hikaye ilerlemesi ve diisman etkilesimi gibi unsurlar1 yonlendirmek i¢in DA kullanilmaktadir. DA'lar,
oyun icindeki karakterlerin akilli ve tutarli bir sekilde davranmalarmi saglar ve oyuncularin
deneyimini daha kisisellestirilmis hale getirmektedir.
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RYO Oyunu (VR-RPG-GAME)
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Sekil 2: Sistem Mimarisi.
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Calisma kapsaminda gelistirilen VR-RPG-GAME oyun modelinin tasarim siirecinde harita
tasarimi, NPC karakter tasarimi ve kodlamasi, oyuncunun kontrol edecegi karakterin tasarimi ve
kodlamas1 asamalar1 yer almistir. VR-RPG-GAME’in harita tasarimi asamasinda, oyunun gegecegi
ortamin tasarimi yapilmistir. Oyun diinyasinin goriiniimii, mekanlari, engelleri ve diger detaylar bu
asamada belirlenmistir. Boylece, oyuncularin kesfedecegi ortamin diizeni olusturulmustur. VR-RPG-
GAME tasariminda oyuncuyla etkilesime ge¢me sekilleri, diismanlara kars1 saldirt stratejileri ve
belirli davranis kaliplar1 bu asamada tasarlanmistir. Oyunun gelistirilmesinde karakterin goriiniimii,
giysileri, yiiz ifadeleri ve diger 6zellikleri de ayrica belirlenerek oyuncunun oyun diinyasinda nasil
temsil edilecegi saglanmigtir. Aym1 zamanda, karakterin hareket kontrolleri, saldir1 yetenekleri,
yetenek agaclari ve diger oyun mekanikleri de bu asamada kodlanmistir. Oyunda kullanilan haritadaki
kurgusal eklentiler, oyun deneyimini zenginlestirmek i¢in haritaya eklenen unsurlar i¢ermektedir.
Ornegin, oyuncunun kendini savunabilmesi i¢in sandiklarin icine nesneler eklenmis ve oyuncunun
ilerleyebilmesi i¢in gerekli olan anahtarlar haritada yerlestirilmistir.

VR-RPG-GAME oyun modeline SG teknolojisinin entegre edilmesi i¢in SG eklentisi de
yapilmistir. Bu sayede oyuncular, SG baslig1 kullanarak oyun diinyasina daha gercekei bir sekilde
adim atabilmektedirler. Oyun tasariminda oynanis mekanikleri ve kontroller SG ortamina uygun
olarak optimize edilmistir. Bu islemler, VR-RPG-GAME oyun modeli ana tasariminin 6nemli
bilesenlerini olusturmaktadir. Bu arastirmada, ayrica nesnelerin tasariminda Gestalt ve Mayer'in
tasarim ilkelerinden de yararlanilmistir. Bu tasarim ilkeleri esasen sadece kullanici arayiizii veya
egitim materyalleri gibi belirli alanlarla sinirli degildir. Gestalt psikolojisinin biitiinsellik, yakinlik ve
benzerlik gibi temel ilkeleri, kullanici arayiiziiniin diizenlenmesi ve gorsel ogelerin
konumlandirilmasinda 6nemli bir rol oynamustir. Bu ilkelere, kullanic1 deneyimini optimize etmek ve
onemli islevselligi vurgulamak amaciyla Ozellikle yer verilmistir. Gestalt ilkelerinden oyun
grafiklerinin diizenlenmesi ve nesnelerin kullanicilar tarafindan daha iyi algilanmasina yardimci
olabilmek i¢in yararlanilmistir. Yakinlik ve benzerlik ilkesinden, VR-RPG-GAME oyunu
diinyasindaki nesnelerin gruplandirilmasi i¢in yararlanilmigtir.

3.5. VR-RPG Oyunu Teknolojik Altyapisi
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VR-RPG oyununun gelistirilme siirecinde, bir dizi teknoloji ve ara¢ kullanilarak kapsamli bir
yaklagim benimsenmistir. C# programlama dili, oyunun temel kod tabanini olusturmak i¢in tercih
edilmistir. Bu dilin esnekligi ve UNITY oyun motoruyla uyumlu olmasi, oyunun i¢ mekaniklerinin
ve etkilesimlerinin dogru bir sekilde programlanmasini saglamistir. Oyunun oynanabilirligi ve
derinligi biiyiik dl¢tide C# dilinin sagladig1 imkanlar sayesinde sekillenmistir. DA kiitiiphaneleri ve
ilgili eklentiler, oyunun gorsel ve isitsel bilesenlerini gelistirmek i¢in kullanilmistir. Oyunun
atmosferini zenginlestiren ses efektleri, karakter tasarimlari, nesnelerin detaylari1 ve sanal diinya
tasarimi, DA teknolojisiyle 6zgiin bir sekilde hayata gecirilmistir. Bu asamada sanatsal yaraticilik,
teknik yeteneklerle birleserek oyunun kendine 6zgii kimliginin olusmasina katki saglamistir. SG
teknolojisi, VR-RPG oyununun en ¢arpici yonlerinden birini olusturmustur. Gergekgi ve etkileyici
bir sanal diinya sunmak amaciyla gelistirilen grafikler, UNITY'nin SG yetenekleriyle bir araya
getirilmistir. Bu, yiiksek kaliteli 3D modeller, dinamik aydinlatma sistemleri ve atmosferik efektlerin
entegre edilmesini igermistir. Oyunun gorsel agidan tatmin edici olmasi, oyuncularin kendilerini oyun
diinyasina daha derinlemesine verebilmelerini saglamistir. UNITY Asset Store, oyun gelistirme
siirecinde bliylik bir kaynak havuzu sunarak zaman ve caba tasarrufu saglamigtir. Farkli tarzlarda
hazir varliklarin yani sira animasyonlar, efektler ve arayiiz 6geleri, oyunun gelistirilme siirecini
hizlandirmis ve detaylandirmistir. Bu kaynaklar, oyunun gelistirme siirecinde gereksinim duyulan
unsurlarin daha verimli bir sekilde entegre edilmesini saglamigtir. Grafik tasarim araglari, oyunun
gorsel estetigini olugturmak ve ayarlamak i¢in kullanilmistir. Karakterlerin ve nesnelerin ayrintili 3D
modelleri olusturularak, “texturing” ve ‘“shading” islemleriyle gercekeilik ve gorsel derinlik
saglanmistir. Renk paletleri, oyun diinyasinin atmosferini yaratmada ve duygusal tonlar1 iletmekte
etkili olmustur.

Yukarida verilen bilgiler kapsaminda ¢aligmada gelistirilen VR-RPG-GAME'de, SG, DA ve
RYO tiirli arasinda giiclii bir iligki kurulmasi hedeflenmistir. RYO tiiriiniin, 6zellikle DA modeliyle
birlikte kullanimi ile daha zengin ve derin bir deneyim sunulmasi ve bu durumun ¢alismanin hipotezi
kapsaminda ortaya konmasi amaglanmistir. DA modelinin gelistirilen modelde tipki diger oyun
tiirlerinde oldugu gibi RYO oyun diinyasinda karar verme yetenegi olan karakterleri kontrol etmek
ve onlara 6zgiin kisilikler ve davranislar kazandirmak i¢in kullanilmas1 hedeflenmistir.

4. RYO OYUN MODELI (VR-RPG-GAME)

Calisma kapsaminda gelistirilen VR-RPG-GAME oyun modelinde oyuncular korku evi
icindeki diigman karakterlerden (zombilerden) uygun anahtar1 bularak ¢ikislardan kagabilirse basarili
olarak kabul edilmektedirler. VR-RPG-GAME oyununda oyuncular sanal ortamda kendilerinin de
icine konuldugu korku evinde bu oyunu oynayabilmektedirler. Oyunda tasarlanan bu korku evinin,
gerilim dolu bir atmosfere sahip bir oyunda heyecan verici bir oyun deneyimi sunmast amaglanmistir.
Bu korku evi oyuncunun karsisina ¢ikan diisman karakterler, kilitli kapilar ve sandiklar, korku
evindeki bulmacalar1 ¢ozmek ve hayatta kalmak i¢in 6nemli unsurlar1 olusturmaktadir. Korku evi,
karanlik ve Urkiitiicli bir atmosferle ¢evrili bir mekénda yer almaktadir. Koridorlar, odalar ve labirent
benzeri gegitler gibi farkli bolgeler, oyuncunun kesfetmesi gereken alanlari temsil etmektedir. Bu
bolgelerde, oyuncunun yolunu engelleyen kilitli kapilar bulunmaktadir. Kapilar, oyuncunun
ilerlemesini sinirlayan engellerdir. Her kap1 kilitli durumda oldugundan, oyuncunun ilerleyebilmek
icin uygun anahtarlar1 bulmasi gerekmektedir. Bu anahtarlar, sandiklarin i¢inde gizlenmis durumda
bulunmaktadir. Sandiklar, ¢esitli odalarda veya koridorlarda yer alabilir ve oyuncunun dikkatlice
arastirmasi gereken onemli noktalardir. Oyuncunun diisman karakterlere yakalanmadan sandiklari
bulmasi ve i¢lerinden anahtarlari ¢ikararak kapilar1 agmasi gerekmektedir. Ancak oyuncunun dikkatli
olmas1 gerekmektedir, ¢iinkii korku evinde dolanan diisman karakterler korku evinin her bir kdsesinde
tehdit olusturmaktadir. Diisman karakterler, oyuncunun ilerlemesini engellemek ve onu yakalamak
icin oyuncu etraflarinda dolagmaktadirlar. Oyuncu, bu diisman karakterlere yakalanmamak i¢in
sessizce hareket etmeli, saklanmal1 veya onlart alt edecek bir strateji gelistirmelidir. Oyuncular ancak
anahtarlar1 bulup kapilar1 acgarak ilerledikce, korku evinin daha karmasik ve tehlikeli bolgelerine
dogru ilerleyebilmektedirler. Oyun icinde zamanla diigman karakterler daha agresif hale
gelebilmekte, bulmacalar daha karmasik hale gelebilmekte ve korku evinin karanlik sirlar ortaya
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cikabilmektedir. Oyuncunun becerikli olmasi, dikkatli bir sekilde hareket etmesi ve stratejik kararlar
almasi, korku evinden kagabilmek i¢in hayati 6neme sahiptir. VR-RPG-GAME’de bu durumun
ozellikle DA modeli ile geceklestirilmesi hedeflenmistir. Oyunda tasarlanan korku evinde, 6zellikle
DA modeli kullanilarak oyunculara gerilim dolu bir atmosferde zorlu bulmacalar1 ¢6zme, taktiksel
hareket etme ve zombilerden kagma firsati sunan heyecan verici bir deneyim sunulabilmesi ve bu
baglamda da DA modelinin RYO tiiriine katkilarinin ortaya konarak test edilebilmesi amaglanmastir.

VR-RPG-GAME oyun modelinde, Sekil 3'de yer alan kapi-anahtar-sandik iliskisi, birgok oyun
ve bulmaca oyununda siklikla kullanilan bir mekanik veya oyun unsuru olarak karsimiza ¢ikmaktadir.
Bu iligki, oyuncunun ilerlemesini saglamak, yeni bolgelere erisimini kontrol etmek veya bulmacalari
¢ozmesini gerektiren durumlari igermektedir. Bu iliskide, kapilar oyuncunun ilerlemesini engelleyen
engelleri temsil etmektedirler. Anahtarlar ise oyuncunun kapilar1 acabilmesi i¢in gerekli olan
nesnelerdir. Sandiklar, anahtarlarin veya diger 6nemli esyalarin saklandigi yerler oarak yuna
eklenmistir. Oyuncu, korku evinde diisman karakterler arasindaki tasarladigimiz oyun diinyasinda
gezinirken karsisina farkli kapilar ¢ikmaktadir. Bu kapilar kilitli veya kapali durumda diistiniilmiistiir.
Oyuncunun kapilar1 acabilmesi i¢in gerekli olan anahtarlar1 bulmasi gerekmektedir. Anahtarlar,
sandiklar icerisine yerlestirilmistir. Oyuncularin, anahtarlar1 bulmak i¢in anahtarlarin yerlerini
kesfetmesi veya ayni zamanda da diigman karakterlere yenilmemesi gerekmektedir. Oyuncular
tarafindan bu anahtarlarin dogru kapiya uygun sekilde kullanmasi gerekmektedir. Oyunda sadece
uygun anahtar uygun kapiyr acabilmektedir. Oyunda tasarlanan kapi-anahtar-sandik iliskisi,
oyunlarda ilerleme ve kesfetme duygusunu artiran bir mekanik olarak diisiiniilmiistir.
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Hayir
v
’/‘,_,-' o \-.“\‘
el Oygﬁﬂcdugun el E‘”I?dyeukr?(;uﬂnal:"\r:af et "l' Kap|y| ag .
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meveut mu? anahtar mi? A S 4
Hayir Hayir
Hayir
TEER Y [ <2

( —>
devam et. | agllmaz. /,.-

Sekil 3: VR-RPG-GAME Akis Diyagrami.

VR-RPG-GAME oyun modelinde tasarlanan korku evindeki anahtar-kap iligkisine iligkin akis
semasi Sekil 4°te sunulmustur. Bu sekilde, oyuncu korku evindeki engelleri asarak oyunun ilerleyen
boliimlerine dinamik ve etkilesimli olarak erisebilmektedir.
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Sekil 4: Anahtar-Kapi iliskisi Akis Diyagrami.

VR-RPG-GAME oyun modelinde sanal karakterlerin hareket kabiliyetleri Sekil 5’te
sunulmustur. Oyunda tasarlanan tiim sanal oyun karakterleri ylirliyebilmekte, kosabilmekte ve
saldirilar da yapabilmektedirler. Bu 6zelliklere ek olarak oyunda ayrica karakterlerin beden ve yiiz
tasarimi da oyun kapsaminda bu calismaya 6zgiin olarak gelistirilmistir.

i

Actor

Sekil 5: Karakterlerin Hareket Kabiliyetleri.

VR-RPG-GAME oyun modelinde, Sekil 6’da gosterildigi gibi oyun karakterleri ayn1 zamanda
icinde bulunduklarit RYO oyun diinyasin1 kesfetme, hayatta kalma ve korku evinden kacabilme
yeteneklerine de sahiptir.
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Sekil 6: Karakterin Oyun Haritasindaki Amaci.

VR-RPG-GAME oyun modelindeki gegisler Sekil 7°de sunulmustur. Sanal oyun karakterler
arasinda korku evinde, oyuncuyu kovalayan diisman karakterlerin varligi gerilimi artiran bir unsur
olarak tasarlanmistir. Diisman karakterler, oyuncunun pesinden kosabilmekte ve onu yakalamaya
caligmaktadirlar. Ancak, karakter hizli bir sekilde eger kagabilmeyi basarirsa, diisman karakterlerde
zarar gOrmemektedirler. Oyuncu, korku evindeki odalarda veya koridorlarda hayaletlerin
yakalamasini engellemek icin ¢esitli stratejiler kullanabilmektedir. Oyun i¢inde diisman karakterlerin
varliginin farkina varan oyuncu, hizlica hareket etmeli ve gizli veya giivenli alanlara saklanmalidir.
Ornegin, boyle bir durumda bir dolap veya masa alt1 gibi saklanma noktalar1 kullanilabilmektedir.
Diisman karakterler eger oyuncuyu takip etmeye devam ederse, oyuncunun sakin ve sessiz kalmasi
gerekmektedir. Eger oyuncu basarili bir sekilde kagmay1 basarirsa, diisman karakterler harekete
gecmemekte ve oyuncuya zarar vermemektedirler. Bu 6zellik, oyuncunun hizli ve dikkatli hareket
ederek hayaletlerden kagabilmesini tesvik eden bir durum olarak oyuna eklenmistir. Oyunda DA
modeli ile saglanan hizli refleksler, dogru zamanda hareket etme yetenegi ve dikkatli taktikler
kullanma becerisi, oyuncunun diisman karakterlerden kagma ve hayatta kalma sansin1 artirmaktadir.
Bu sekilde, oyuncu korku evinde ilerlemeye devam edebilmekte ve oyunun daha zorlu ve heyecan
dolu boliimlerine erisebilmektedir. Korku evindeki diisman karakterlerin varliginin, oyuncuya siirekli
bir tehdit hissi vermesi, ayn1 zamanda oyuncunun stratejik diistinme ve hizli karar verme yeteneklerini
de test etmesi hedeflenmistir. VR-RPG-GAME oyununda oyuncunun dogru zamanda hareket etmesi,
diisman karakterlerin saldirisindan kagmasi ve ilerlemesine devam etmesi igin kilit dneme sahip bir
unsur olarak tasarlanmustir.
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Hayalet(NPC) Hayalet(NPC) Hayalet(NPC)

Sekil 7: Oyun Karakterleri Arasindaki Gegisler.
VR-RPG-GAME oyun modelinde oyuncu karakteri korku evindeki diisman oyun karakterleri

Sekil 8: Sanal Oyuncu Karakter Tasarimi.

VR-RPG-GAME oyun modelindeki sanal karakterler, oyunun zenginlestirilmesi ve oyuncu
deneyiminin gelistirilmesi i¢in gelistirilmis olan DA modeli kontrollii karakterlerdir. Bu sayede
oyundaki sanal karakterler oyuncuyla etkilesime gecebilmekte, hikaye ilerlemesine katkida
bulunabilmekte veya oyuncuya rehberlik edebilmektedirler.

5. DENEYSEL CALISMALAR

Tablo 1’de arastirmanin gergeklestirilmesi boyunca calisma kapsaminda gergeklestirilen
deneylere iliskin bilgiler ve deney sonuglar1 yer almaktadir. Calisma kapsaminda gergeklestirilen
deneylerde VR-RPG-GAME’de gbzlemlenen hatalar diizeltilmis, gerekli optimizasyonlar yapilmis
ve yaymlanmaya hazir hale getirilmistir. Caligma kapsaminda toplamda 5 (bes) adet farkli deney
gerceklestirilmistir. Gergeklestirilen her deney kendi igerisinde farkli asamada yapilmistir. Test
listesinin bahse konu tabloda belirtilenlerle sinirli kalmay1p zaman igerisinde genisletilebilecegi veya
daraltilabilecegi degerlendirilmekle birlikte ¢alismanin sinirlarinin belirlenmesi agisindan bu sekilde
belirlenmis ve tiim durumlar1 burada ele almak listeyi ¢cok uzatabileceginden testler genel bir baglik
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altinda ve ¢ekirdek bir yapida toplanmaya ve gerceklestirilmeye ¢alisilmistir. S6z konusu tablodaki

"DA Kullanmama Senaryosu"

kapsamindaki

deneyler geleneksel programlama yaklagimi

kullanilarak gerceklestirilirken, "DA Kullanma Senaryosu" kapsamindaki deneyler 6zel bir davranis
agac1 modeli entegrasyonu ile gerceklestirilmistir.

Tablo 1. DA Modelinin Roliiniin RYO Deneyleri ve Sonuglar1 Uzerindeki Analizi.

Deney No. Deney DA Kullanmama Senaryosu DA Kullanma Senaryosu

DA Kullaniminin Karakter DA modeli sayesinde

Denev-1 Karakter Saldirt Karakter diismanlar1 genel bir | diismanlar1 analiz ederek
y Davranigina saldir stratejisi ile yaklasir. dinamik saldir1 stratejileri

Etkisi kullanir.

E‘;;;tlefanal Karakter diismanlarla dnceden | Karakter DA modeli ile
Deney-2 Davranslarma belirlenmis basit stratejiler diisman tiirline ve sayisina

Katkisi ¥ kullanir. gore adapte olur.

Oyun Sirekliligi | Karakter oyun akisini ve ;gr?ﬁe\:e[z)ﬁ n;;)r?i;;}llf oyun
Deney-3 | Uzerindeki DA olaylar1 sinirh bir sekilde CIpInt Ve 01ayla

Etkisi belirler dlnamlk.blr sekilde

' yonlendirir.

DA Modelinin .

Nesne Etkilesim | Karakter nesnelerle standart Kafakt.e ' DA.‘ f”"de" ile nesne
Deney-4 _ . . etkilesimlerini daha hizli ve

Becerilerine tepkiler gosterir. K .

Etkisi akillica gergeklestirir.

DA Kullaniminin

Gorev . . . Karakter DA modeli ile

Karakter gorevleri sinirli bir N . e 1

Deney-5 | Tamamlama etenekle tamamlar gorevleri daha etkili bir

Yetenegine y ' sekilde tamamlar.

Katkis1

S6z konusu deneyler ve sonuglarina iliskin elde edilen bulgular asagida sunulmustur:

e Deney-1: Budeneyde DA modelinin RYO tiiriindeki sanal karakterlerin saldir1 davraniglarina
etkisi arastirilmistir. "DA Kullanmama Senaryosu'nda, oyuncular RYO oyununda karakteri kontrol
ederken karakter diigmanlarla etkilesime girdiginde dnceden belirlenmis basit bir saldir1 stratejisi
kullanmiglardir. Bu senaryoda sanal karakter, diismanlaria genel bir yaklagim sergilemistir. Ancak
burada diigmanlarin tiiriine veya giiciine gore 6zellestirilmis tepkiler verme yetenegine sahip degildir.
Diger yandan, "DA Kullanma Senaryosu'nda oyuncular karakterin davraniglarini bir davranis agaci
(DA) modeli ile yonlendirirken daha karmasik bir saldir1 stratejisi uygulanmistir. Sanal karakter DA
modeli sayesinde diismanlarin tiiriinii, giiciinii ve kendi saglik durumunu analiz edebilmis ve bu
bilgileri kullanarak stratejilerini dinamik olarak adapte edebilmistir. Bu deney sonuglari, DA
modelinin RYO oyunlarinda karakterlerin saldir1 davranislar1 {izerindeki etkisini ve karakterlerin
daha adaptif, etkili ve gercekgi saldirt stratejileri sergileyebildiklerini ortaya koymaktadir.

e Deney-2: Bu deneyde DA modelinin RYO oyunlarinda sanal karakterlerin devriye gezme
davraniglarina katkis1 arastirilmistir. "DA Kullanmama Senaryosu''nda, oyuncular RYO oyununda
karakteri kontrol ederken karakter diigmanlarla etkilesime gegerken onceden belirlenmis basit bir
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saldir1 stratejisi kullanmiglardir. Sanal karakter, diismanlarla etkilesimde onceden belirlenmis bir
saldir1 stratejisi kullanmistir. Diger yandan, "DA Kullanma Senaryosu'nda oyuncular karakterin
davraniglarin1 bir DA modeli ile yonlendirirken, karakter diismanlarin tiirline, sayisina ve ¢evresel
faktorlere gore saldir stratejilerini dinamik olarak adapte edebilmistir. Bu deney sonuglari, DA'larin
sanal karakterlerin daha etkili ve adaptif devriye gezme davranislar1 sergilemelerine nasil katki
saglayabilecegini ortaya koymaktadir.

e Deney-3: Bu deneyde DA modelinin RYO oyun siirekliligi iizerindeki etkisi arastirilmistir.
"DA Kullanmama Senaryosunda, oyuncular RYO oyununda karakteri kontrol ederken karakter oyun
diinyasinda ilerlemekte ancak oyunun akisini ve olaylar1 belirlemekte sinirlidir. Diger yandan, "DA
Kullanma Senaryosu'"nda oyuncular karakterin davranislarin1 bir DA modeli ile ydnlendirirken,
karakter oyunun akisini ve olaylarin1 daha dinamik bir sekilde yonlendirebilmektedir. Bu deney
sonuclari, DA'larin oyunun akisini ve olaylarin1 daha etkili bir sekilde yonlendirerek oyuncu
deneyimini nasil zenginlestirebilecegini ortaya koymaktadir.

e Deney-4: Bu deneyde DA modelinin RYO sanal karakterlerinin nesne etkilesim becerilerine
olan etkisi aragtirllmigtir. "DA Kullanmama Senaryosu'nda, oyuncular RYO oyununda karakteri
kontrol ederken karakter nesnelerle etkilesime girdiginde belirli bir standart tepki sergilemistir. Diger
yandan, "DA Kullanma Senaryosu'nda oyuncular karakterin davranislarin1i bir DA modeli ile
yonlendirirken, karakter nesnelerle daha hizli ve akillica etkilesimde bulunabilmis ve c¢evresel
nesneleri daha etkili bir sekilde kullanabilmislerdir. Bu deney sonuglari, DA'larin karakterlerin nesne
etkilesimi becerilerini nasil artirabilecegini ve oyun i¢i etkilesimleri nasil daha zengin hale
getirebilecegini ortaya koymaktadir.

e Deney-5: Bu deneyde DA modelinin RYO sanal karakterlerin gorevleri tamamlama
yetenegine olan etkisi arastirilmistir. "DA Kullanmama Senaryosu'"nda, oyuncular RYO oyununda
karakteri kontrol ederken karakter gorevleri tamamlama konusunda simirli bir yetenek
sergilemislerdir. Diger yandan, "DA Kullanma Senaryosu'"nda oyuncular karakterin davranislarini
bir DA modeli ile yonlendirirken, karakter gorevleri daha etkili bir sekilde tamamlayabilmigler ve
oyunun ilerlemesine daha aktif bir sekilde katkida bulunabilmislerdir. Bu deney sonuglari, DA'larin
karakterlerin gorev tamamlama yeteneklerini nasil artirabilecegini ve oyun ilerlemesine nasil daha
fazla katki saglayabilecegini ortaya koymaktadir.

Bu deneyler DA modelinin RYO sanal karakterlerinin davraniglarini yonlendirmedeki roliinii
ve etkisini inceleyen kapsamli bir analiz sunmaktadir. DA modeli kullanimi, RYO oyunlarinda
karakterlerin eylemlerini daha akillica ve adaptif bir sekilde gergeklestirmelerine olanak
tamimaktadir. Ozellikle Deney-1, karakter saldir1 davranislarina etki ederek oyuncularin daha stratejik
bir yaklasim benimsemelerine yardimci olurken, Deney-2'de sanal karakterlerin devriye gezme
davranislarini daha etkili bir sekilde optimize edebilmeleri saglanmaktadir. DA kullaniminin oyun
stirekliligi tlizerindeki etkisi Deney-3'te degerlendirilmekte olup, karakterlerin oyun diinyasinin
akisin1 daha dinamik bir sekilde etkileyebilmesine olanak tanimaktadir. Deney-4'de nesne etkilesim
becerilerine odaklanilirken DA kullaniminin karakterlerin ¢evresel nesnelerle daha akillica etkilesime
girmelerine yardimci oldugu gozlemlenmektedir. Son olarak, Deney-5 karakterlerin gorevleri
tamamlama yeteneklerini gelistirerek oyuncularin oyun i¢inde daha etkili bir rol listlenmelerine
katkida bulunmaktadir.

Deney sonuglari, DA'larin RYO oyun tiiriinde sanal karakter davraniglarini yonlendirmedeki
onemli bir etkiye sahip oldugunu gostermektedir. RY O oyunlari, oyuncularin karakterlerin gelisimini
sekillendirmesine, hikayenin seyrini etkilemesine ve oyun evrenindeki kararlar1 belirlemesine olanak
tanir. DA'lar, bu siireclerde oyunculara rehberlik etmek ve karakter davraniglarini yonlendirmek i¢in
kullanilan giiclii bir aragtir. Ozellikle VR-RPG-GAME adli UNITY 3D ortaminda gelistirilen RYO
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oyununda yapilan deneyler DA kullaniminin oyuncu deneyimini biiyiik 6l¢iide zenginlestirdigini
gostermistir. Oyuncular, DA'larin rehberliginde karakterlerinin kararlarin1 daha 6zgiirce ve mantikli
bir sekilde alabilmislerdir. Bu, oyuncularin oyun diinyasinda daha kisisel bir deneyim yasamalarini
ve karakterlerini daha derinlemesine gelistirmelerini saglamistir. Ayrica, deneylerde DA'larin
kullanilmasinin hikaye ilerlemesi lizerinde olumlu bir etki yarattig1 goriilmiistiir. Oyuncular, hikaye
icindeki 6onemli anlarda DA'lar araciligiyla daha tutarli ve hizli kararlar verebilmislerdir. Bu da
oyunun akigini ve hikayenin derinligini artirmistir. DA'larin RYO oyun deneyimi iizerindeki etkisi
istatistiksel olarak analiz edilmis ve sonuglar DA kullaniminin oyuncularin daha fazla se¢im yapma
egiliminde oldugunu ve hikaye ilerlemesinin daha akici hale geldigini gostermistir. Bu, oyuncularin
oyunun i¢ine daha fazla dahil olmalarini ve kendilerini karakterlerin yerine koymalarini tesvik
etmistir. Deneylerde elde edilen sonuglar, DA'larin RYO oyunlarinda kullaniminin oyuncu
deneyimini artirdigin1 ve bu oyun tiiriiniin gelistirilmesine katki sagladigini gostermektedir. Deney
sonucglari, DA'lar, karakter davranislarin1 yonlendirmek, hikaye ilerlemesini sekillendirmek ve
oyuncularin daha derinlemesine bir deneyim yasamalarin1 saglamak i¢in gii¢lii bir ara¢ olarak one
ciktig1 yoniindedir.

6. SONUC VE DEGERLENDIRME

Giliniimiiziin dinamik oyun diinyasinda, oyuncularin karakterlerin gelisimini etkilemelersi,
hikayenin seyrini belirlemeleri ve oyun evrenindeki kararlar1 sekillendirmeleri gibi faktorler, RYO
tirtinlin temel oOzelliklerini olusturmaktadir. Bu c¢alismada RYO tiirlindeki sanal karakter
davraniglariin yonlendirilmesinde DA modelinin roliiniin ve etkisinin analiz edilmesi amaglanmistir.
Bu baglamda ¢alisma kapsaminda gerceklestirilen deneyler, DA'larin RYO oyunlarinda karakter
davraniglarin1 sekillendirmede O6nemli bir rol oynadigini gostermistir. Gergeklestirilen deney
sonuglari, RYO oyunlarindaki sanal karakterlerin saldir1, devriye gezme, gérev tamamlama gibi farkl
alanlardaki davraniglarinin DA modeliyle daha etkili ve adaptif bir sekilde yonlendirebileceklerini
ortaya koymustur. Caligsma kapsaminda gergeklestirilen Deney-1'de, DA kullaniminin stratejik saldir1
davraniglarina katki sagladigi goriilirken, Deney-2'de Karakterlerin diisman tiirtine gore devriye
gezme davranislarini uyarlayabildigi gézlemlenmistir. Ayrica, DA'larin oyuncu kararlarini, hikaye
ilerlemesini ve oyun akisin1 yonlendirmede olumlu bir etkisi oldugu Deney-3 sonuglariyla ortaya
konmustur. Deney-4, DA'larin karakterlerin nesne etkilesim yeteneklerini artirdigini, Deney-5 ise
gorev tamamlama yeteneklerini gelistirdigini gdstermistir. Deney sonuglari, RYO oyunlarinda
DA'larin oyuncu deneyimini zenginlestirme ve kisisellestirme potansiyelini ortaya koyarak, oyun
gelistiricilerine ve tasarimcilarina daha etkilesim odakli bir oyun deneyimi sunma firsati sagladigini
gostermektedir. Bu arastirmanin gelecekteki RYO oyunlarinin DA modeli etkilesimli olarak
gelistirme stireglerinin daha etkili hale getirilmesi baglaminda literatiire katki saglayacagi
degerlendirilmektedir.
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Oz

Teknolojinin gelismesiyle birlikte internet hayatimizin pek ¢ok alaninda énemli bir rol oynamaya
baslamistir. Endiistri sektoriinde ileri teknolojinin etkisini artirmak, tiretimdeki hatalart azaltmak,
rekabetci iiretime ayak uydurmak, iiretim siirelerini azaltmak, kaynaklar: daha verimli kullanmak,
stiregleri otonom hale getirmek ve nesnelerin internetini (loT) iiretime dahil etmek amaciyla
Endiistri 4.0 kavrami ortaya ¢itkmistir. Bu durum, endiistrideki tiretimin daha verimli bir sekilde
gerceklesmesi anlamint tasimaktadir. Ancak teknolojinin geligsmesi ayni zamanda elektronik cihaz
israfim (e-atik) da beraberinde getirmektedir. Eski cihazlar geri déniisiim ve onarim yoluyla
yenilenebilmekte ve bu sayede cihazlarin kullamim Jmiirleri uzatilabilmektedir. Yenilenmig
cihazlarin idiretiminde ve bakiminda Endiistri 4.0 teknolojilerinin kullaniimasi, tiretim siirecinin
verimliligini artirabilmekte ve maliyetleri azaltabilmektedir. Dolayisiyla bu alanda Endiistri 4.0"1
kullanmak sektorde rekabet edebilme agisindan 6nem arz etmektedir. Ayrica yenilenmis cihazlarin
kullaniminin artmasi ¢evresel siirdiiriilebilirligi de katki sunmaktadir. Bu ¢alismada Endiistri 4.0'in
ortaya ¢ikigi ve tanimi, nesnelerin interneti ile baglantisi, yenilenmis cihaz tanimi, Endiistri 4.0 ile
tiretim ve iletisim standartlart iizerinde durulmaktadir. Sonu¢ olarak standartlarin daha net
anlasilmasi i¢in yenilenmis bir akilli cihazin yenilenme asamalar: ve izlenmesi gereken iiretim ve
iletisim standartlart érnek olarak anlatilmaktadir.

Anahtar Kelimeler: Endiistri 4.0, IEC, ISO, Nesnelerin Interneti, Yenilenmis Cihazlar.

Abstract

With the development of technology, the internet has started to play an important role in many areas
of our lives. The concept of Industry 4.0 has emerged in order to increase the impact of advanced
technology in the industrial sector, reduce errors in production, keep up with competitive
production, reduce production times, use resources more efficiently, make processes autonomous
and include the Internet of Things (1oT) in production. This means that the production in the industry
takes place more efficiently. However, the development of technology also brings electronic device
waste (e-waste). Old devices can be renewed through recycling and repair, thus extending the useful
life of the devices. The use of Industry 4.0 technologies in the production and maintenance of
refurbished devices can increase the efficiency of the production process and reduce costs.
Therefore, using Industry 4.0 in this field is important in terms of being able to compete in the sector.
In addition, the increase in the use of refurbished devices also contributes to environmental
sustainability. In this study, the emergence and definition of Industry 4.0, its connection with the
internet of things, the renewed device definition, Industry 4.0 and production and communication
standards are emphasized. As a result, for a clearer understanding of the standards, the renewal
stages of a refurbished smartphone and the production and communication standards to be followed
are explained as an example.
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1. GIRIS

Gliniimiizde, tiretim siireclerinin otomatiklestirilmesi ve verimliliginin artirilmasi i¢in Endiistri
4.0 felsefesi giderek onem kazanmaktadir. Endiistri 4.0, iiretim siirecinde teknolojik {iriinlerin
kullanim1 ile insan kaynakli hatalarin azaltilmasi, fabrikalarin otomatiklestirilmesi, verimliliginin
artirtlmasi, maliyetlerin diisiiriilmesi ve iiretim siireclerinin optimize edilmesi i¢in bir dizi firsatlar
sunmaktadir (Javaid vd., 2022). Bu durum, ayn1 zamanda yenilenmis cihazlar i¢in de
kullanilabilmekte ve bu cihazlarin iiretimi ve bakimi i¢in de faydalar saglamaktadir.

Yeniden iiretim terimi endiistride 100 yil1 askin bir stiredir kullanilmasina ragmen ilk olarak
1970'lerde akademik olarak kullanilmistir. Giiniimiizde ise, endiistrinin hemen hemen her alaninda
yeniden iiretim faaliyeti sistemli ya da sistematik olmayan sekilde yiiriitiilmektedir (Unal, 2005),
(Reike vd., 2017). Yeniden iiretimin 6z ve kavramsallasmis terimi olarak yenileme, profesyonel bir
sirketin kullanilmis tiriinleri toplayip islevsel ve tatmin edici bir duruma geri getirdigi ve ardindan bu
yenilenmis tiriinlerin yeni tiiketicilere satildig1 bir siiregtir (Rathore vd., 2011), (Glotova vd., 2014).
Sonug olarak yenileme, sifirdan iiretim i¢in gerekli olan enerji ve emegin biiyiik bir kismini koruma
anlamma gelmektedir. Yeniden tretim, kullanilmis tirlinlerin endistriyel siireglerle yeni iiriin
standartlarina getirilmesini saglayarak hem e-atiklarin oniline gececek hem kaynak tiiketimini
azaltacak hem de c¢evresel siirdiiriilebilirlik agisindan 6nemli katkilar saglayacaktir (Kutlu ve
Kagnicioglu, 2015), (Glotova vd., 2014). Yeniden iiretimde Endiistri 4.0 teknolojileri kullanarak
cihazlarin daha uzun Omiirlii olmas1 ve daha az ariza yapmasi saglanabilmektedir. Bu da iiretim
siirecinde kesintilerin azalmasina yardimeci olabilmekte ve boylece liretkenligi artirmaktadir.

Yenilenmis cihazlar, hasar gérmiis, bozulma egiliminde olan, tasarim agisindan bakim
gerektiren, bilesenlerinin fonksiyonlarini tam olarak yerine getiremedigi durumlardan yeniden
kullanilabilir ve satisa uygun hale getirilmesidir (Mugge vd., 2017). Yenilenmis cihazlar, {iriiniin
omriinli uzatarak, kaynaklarin daha etkili kullanimin1 saglayarak, enerji tiikketimini azaltarak ve
karbon ayak izini diisiirerek ¢cevreye daha az zarar vermektedir (Laininen, 2018). Yenilenmis cihazlar
ile liriiniin dayanikliligin1 artirmak ve tekrar kullanima uygun hale getirmek miimkiindiir. Bu siireg,
iirlin parcalarinin sokiilmesi, temizlenmesi, kontrol edilmesi ve onarilmasi ve ardindan yeniden monte
edilmesi islemidir. (Guide, 2001). Yani, iiriiniin sokiilmesi, bilesenlerin yeniden olusturulmasi,
degistirilmesi ve orijinal tasarim 6zelliklerini karsiladigindan emin olmak i¢in tek tek parcalarin ve
tiim {irlinlin test edilmesi anlamina gelir. Ayrica, Uiretilen {iriiniin yenileme sonrasi performansinin
orijinale yakin bir performans gostermesi beklenmektedir (Centre for Remanufacturing ve Reuse
(CRR), 2020).

Dongiisel ekonomi, kullanilmis triinlerden yeniden deger kazanmak, kullanilmis {iriinleri
tekrardan hayata kazandirmak ve daha az atik olusturdugu ic¢in daha siirdiiriilebilir bir tiikketim
modeline ge¢isi tesvik etmek icin 6nemli firsatlar sunmaktadir (Rajput ve Singh, 2019). Dongiisel
ekonomiye gore yenileme, iirlinlerin temel degerini korumanin bir yoludur. Yenileme islemi
sirasinda, Ureticiler kullanilmis iirtinleri toplamakta ve orijinal parcalari geri kazanip yeniden
yapilandirarak orijinal performanslarina geri dondiiriilmelerini saglamaktadirlar. Kaynaklarin
tiilkenmesi ve gevresel sorunlar nedeniyle, elektronik iirlinlerin yeniden kullanimi ve geri dontisiimii
giderek 6nem kazanmaktadir. Bu amagla, elektronik {irlinlerin yenilenmesi, endiistriyel bir siireg
olarak kullanilmakta ve Endiistri 4.0 standartlarinda yapilmasi gerekmektedir. Bu durum, dongiisel
ekonomi i¢in atik akigini azaltma ve frlinlerin degerini geri kazanma konularinda yardimci
olmaktadir. Yenilenmis cihazlar, iireticilerin ve tiiketicilerin ¢evresel sorumluluklarini yerine getirme
cabalarinin bir karsilig1 olmakta ve ayn1 zamanda daha uygun fiyatli secenekler sunmaktadir. Ancak,
tiiketicilerin yenilenmis tiriinlere yonelik algilari, bu tiriinlerin kabul edilme oranlarini bazen olumsuz
etkilemektedir. Bu nedenle, yenilenmis cihazlarin Endiistri 4.0 standartlarinda {retilmesi,
tiiketicilerin yenilenmis cihazlar hakkinda dogru bilgilendirilmesi ¢ok biiylik 6nem arz etmektedir.
Ayrica Endiistri 4.0 teknolojileri, yenilenmis cihaz sektdriinde; sensorler, veri toplama cihazlari ve
yapay zeka algoritmalar1 gibi araclar kullanilarak yenilenen cihazlarin performansi izlenebilmekte,
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bakim gereksinimlerini 6nceden tahmin edilebilmekte ve arizalar 6nceden dnlenebilmektedir (Peres
vd., 2020).

2. YENILENMIS CIHAZLAR iCiN ENDUSTRI 4.0
2.1. Endiistri 4.0

Endiistri devrimleri, liretim ve ekonominin degisimin ve gelisiminde insanlik tarihinin en
onemli doniim noktalarindan kabul edilmektedir. Bu devrimler, 6zellikle sanayi, tarim, iletisim ve
ulagtirma sektdrlerinde biiyiik degisim ve gelisimlere yol agmis ve 6zellikle Endiistri 4.0 ise modern
diinyanin temellerini olusturmustur (Lasi vd., 2014).

Birinci Sanayi Devrimi (Endiistri 1.0), ilk olarak 1760-1840 yillar1 arasinda Ingiltere'de
baslamistir ve buhar giicii kullanarak elde edilen elektrikle birlikte iiretim siireclerinde biiyiik bir
degisim meydana getirmistir (Yildirim, 2019). Tekstil {iretimindeki buharli dokuma makineleri, tarim
makineleri ve ulagim aracglarindaki gelismeler, tiretim verimliligini artirmigtir. Endistri 1.0, Buhar
Cagi olarak da anilmaktadir (REIS vd., 2010).

Ikinci endiistri devrimi (Endiistri 2.0), 1870-1914 yillar1 arasinda &zellikle Avrupa'da
gerceklesmistir. Elektrik, petrol, otomobil ve c¢elik iiretimi gibi yeni teknolojilerin kullanilmasi,
tiretim siireglerini daha da hizlandirmis ve genisletmistir (Bozkurt, 2022).

Ugiincii Sanayi Devriminin (Endiistri 3.0), 1960-2000’ler arasindaki bu dénemde, bilgisayar
teknolojilerinin gelismesiyle baglamistir. Yeni teknolojiler, tiretim siirecinin daha da otomatik hale
gelmesine ve bilgi ekonomisinin dogmasina neden olmustur. Internet ve dijital teknolojiler, iletisim
ve bilgi paylasimini hizlandirmigtir (Celiktas vd., 2015). Bu teknolojiler, bilgiye dayali ekonomilerin
ortaya ¢ikmasina yol agmis ve i dlinyasinda biiyiik bir donilisiim yasanmasina sebep olmustur.

Dordiincii Sanayi Devrimi (Endiistri 4.0), dijital teknolojilerin hizla gelismesi ve sanayi
sektoriindeki bu teknolojilerin kullaniminin artmasi ile ortaya ¢ikan bir kavramdir. Endiistri 4.0, akilli
fabrikalarin olusmasini saglamistir. Bu fabrikalarda, liretim siireci tamamen dijitallesebilmekte,
makine ve ekipmanlar birbirleriyle iletisim kurabilmekte ve verileri paylagabilmektedir. Bu sayede,
isletmeler iiretim siirecinde daha esnek ve verimli olabilmektedir (Lasi vd.,2014).

Endiistri 4.0, fabrikalarin verimliligini artirmak i¢in bir¢ok teknolojinin kullanimini i¢eren bir
yaklagimdir ve bu teknolojiler sunlar1 igermektedir (Lu, 2017):

Nesnelerin Interneti (IoT): Bu teknoloji, sensorler, akilli cihazlar ve diger ortam cihazlart
arasindaki iletisimi saglanmasi ve bu sayede iiretim siirecindeki toplanan verilerin analiz edilmesi
stireglerinde etkili rol almaktadir (Jan vd., 2022). IoT kavrami, kiiresel internet baglantisinin
yayginlagmasi, kablosuz aglarin gelismesi ve sensor teknolojilerindeki ilerlemelerin bir sonucudur.
IoT’un temelinde, internete bagli cihazlarin sensorler araciligiyla topladigi verilerin iglenmesi ve
kullanilmasi yer almaktadir (Rose, 2015). IoT, cihazlar arasindaki iletisimin artmasi ve daha fazla
veri toplamasi ile daha akilli kararlarin alinmasidir. Bu da daha verimli is siirecleri, daha iyi miisteri
deneyimleri ve daha diisiik maliyetler anlamina gelmektedir. IoT teknolojisi birgok alanda hayatimizi
kolaylastirabilmekte ve gelecekte de dnemli bir rol oynayabilmektedir (Aktas vd., 2016). loT'nin
gelisimi, cihazlar arasindaki etkilesimin artmasina, verimliligin artmasina ve daha akilli kararlarin
alinmasina olanak tanimistir. Diinyadaki nesnelerin birbirleriyle iletisim kurmasini saglayarak
insanin ¢alisma, yasama ve 6grenme gibi yeteneklerine farkli bir boyut kazandirmaktadir (Giindiiz ve
Das, 2018). Giiniimiizde IoT, endiistriyel iiretim, saglik, akilli evler, akilli sehirler ve otomotiv gibi
bircok alanda kullanilmaktadir. Saglik sektoriinde, tibbi cihazlar hasta verilerini toplamakta ve
doktorlarin uzaktan erisim saglamalaria olanak tanimakta bunun yani sira ev sahiplerinin evlerini
akilli ev sistemleri sayesinde uzaktan yonetebilmekte, endiistriyel cihazlar, fabrikalarin verimliligini
artirma ve arizalar1 6nceden tespitinde de kullanilmaktadir (Yildirim ve Yildirim, 2022), (Riimann
vd., 2015). Bu ¢alismalarin gesitli Orneklerini de otomotiv endiistrisinde, otonom arabalarin
birbirleriyle ve yollardaki sensorlerle iletisim kurarak kazalari dnlemeye yardimci oldugu, tarim
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sektoriinde, IoT cihazlari, verimliligi artirmak ve hasat verimliligini artirmak icin kullanilmaktadir
(Liu vd., 2021). Sehirlerde, IoT cihazlari, trafik akisini izlemek, hava kalitesini 6lgmek, enerji
tiiketimini izlemek ve kamu hizmetlerini yonetmek i¢in kullanilabilmektedir (Aktas vd., 2016).

Bulut Bilisim: Bulut bilisimin Endiistri 4.0’da kullanimu ile birlikte iiretim siirecindeki veriler
bulutta depolanabilmekte ve islenebilmektedir. Bu sayede veri erisimi kolaylasmakta ve islem hizlar
artmaktadir (Aceto vd., 2020).

Yapay Zeka (Al): Her gegen glin yapay zeka teknolojilerinin kullanim1 Endiistri 4.0’da ¢cok daha
onemli bir rol oynamaktadir. Bu teknoloji sayesinde iiretim siirecindeki veriler analiz edilmekte ve
ongoriisel sonuglara ulagilmaktadir. Bu sayede iiretim siirecindeki hatalar 6nceden belirlenebilmekte
ve gerekli 6nlem alinabilmektedir (Ahmed vd., 2022).

Robotik Otomasyon: insan giicii gerektiren islerin birgogunu otomatiklestirilebilmek ve bu
sayede tretim siirecindeki hatalarin azaltilmast miimkiin olmaktadir. Robotlar, insanlarin yapmasi
gereken yorucu, tehlikeli veya hassas islerde kullanilabilmekte ve tiretim hattinin hiz1 ve dogrulugu
artirtlabilmektedir (Nokia, 2023).

Biiyiik Veri Analizi: Uretim siirecindeki verilerin analiz edilmesi ve bu verilerin dogru bir
sekilde kullanilmasi i¢in oldukc¢a 6nemlidir. Bu veriler, iiretim siirecindeki hatalarin tespit edilmesi
ve bu hatalarin diizeltilmesi i¢in kullanilabilmektedir. Ayrica, {iretim siirecindeki veriler, lirtinlerin
miisteri ihtiyaglarina gore 6zellestirilmesi i¢in de kullanilabilmektedir (Khan vd., 2017).

Endiistri 4.0 ile birlikte; iiretim, tadilat ve bakim-onarim siireglerinde biiyiik bir degisim
meydana gelmis ve bu yeni donemde, endiistriyel iiretim ve bakim-onarim islemleri, daha verimli,
hizl1 ve hassas hale gelmistir (Hozdi¢, 2015).

Uretim siirecinde dijital teknolojilerin kullanilmas ile daha esnek, 8lgeklenebilir ve verimli bir
iiretim saglamaktadir. Akilli fabrikalar, yapay zeka ve otomasyon teknolojileri kullanarak tiretimdeki
hatalar1 minimize etmekte, kaliteyi artirmakta ve siiregleri optimize etmektedir (Ahmed vd., 2022).

Endiistri 4.0’da bakim-onarim siireci 6nemli bir rol oynamaktadir. Sensorler ve veri analizi
sayesinde, makinelerin bakim zamani tahmin edilebilmekte ve 6nceden planlama yapilabilmektedir.
Bu sayede, makinelerin durus siiresi azaltilabilmekte ve bakim maliyetleri disiiriilebilmektedir.
Ayrica, yapay zeka ve otomasyon teknolojileri sayesinde, bu bakim-onarim stirecleri ¢ok daha etkili
optimize siirecleriyle isletme maliyetlerini azaltabilmektedir (Achouch vd., 2022).

2.2. Yenilenmis Cihazlar

Yenilenmis cihaz kavramy, ilk olarak 1980'lerde ortaya ¢ikmistir. Yenilenmis cihazlar, 6nceden
kullanilmig cihazlarin tamir edilmesi, bakimlardan gecirilmesi, yeniden kutulanmasi ve satisa
sunulmastyla olusan bir kavram olarak karsimiza ¢ikmaktadir. Her gegen giin teknolojik triinlerin
cogalmasi ve buna bagl olarak hem e-atik hem maliyetler hem de iklimsel diger sonuclar hesaba
katildiginda insanlarin yenilenmis cihazlara egilimi 6nem arz etmektedir (Govindan ve Popiuc,
2014). Bunedenle, bir¢ok sirket, miisterilerine daha uygun fiyath se¢enekler sunmak i¢in yenilenmis
cihazlari lizerine caligmalar yapmaktadir.

Baslangicta yenilenmis cihazlar, daha ¢ok bilgisayar ve yazici gibi ofis ekipmanlarina yonelikti.
Sonralar1 bu durum geliserek ve genisleyerek tek kullanimlik kamera ve dokiiman kontrolii, cep
telefonu endiistrisi, e-atik ve geri doniislimiin yonetimi ve kartus geri doniisiimii gibi ¢aligmalari
kapsamaktadir (Guide vd., 2003), (Nagurney ve Toyasaki, 2005), (Mafakheri ve Nasiri, 211). Son
yillarda ise Apple, Samsung, Amazon, HP, Best Buy, Gazelle, Back Market, Swappa ve Decluttr gibi
biiyiik teknoloji sirketlerinin alana girmesiyle akilli telefon, tablet, bilgisayar, saat, televizyon ve
diger teknolojik cihazlar da yenilenmis cihaz kategorisine girmistir.

Yenilenmis cihazlar, modern toplumun teknolojik ihtiyaglarint karsilamak icin giderek daha
onemli hale gelmektedir. Bu cihazlar hem ekonomik hem de ¢evresel acidan bir¢ok avantaj
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sunmaktadir. Ekonomik agidan bakildiginda yenilenmis cihazlar son teknoloji iirlinlere daha uygun
fiyatlarla erisim saglayarak bireylerin teknolojik yeniliklere adim atmasimi kolaylastirmaktadir
(Sharifi ve Shokouhyar, 2021). Ornegin, son model bir akilli telefonun fiyat1 yiiksek ve cogu kisi i¢in
ulagilmaz olabilmektedir. Ancak, ayni telefonun yenilenmis versiyonu daha uygun bir fiyata satin
aliabilmektedir. Bu sayede bireyler hem son teknolojiye sahip olma imkani bulabilmekte hem de
daha yiiksek bir fiyat 6demeden cihazi ekonomik agidan daha avantajli fiyatlara alabilmektedir. Aym
zamanda, ¢evre dostu bir secenek olarak yenilenmis cihazlar, elektronik atik miktarinin azaltilmasina
katkida bulunarak doganin korunmasina da yardimci olmaktadir (Mugge vd., 2017). Yenilenmis
cihazlar, tamir edilip ve yeniden test edilmesi siireci insanlarin yenilenmis cihazlara olan giivenlerini
ve tercihlerini artirmaktadir (Hazelwood ve Pecht, 2021). Ancak, yenilenmis cihazlarin bazi
dezavantajlar1 vardir. Oncelikle, bu cihazlarin garanti siiresi smirli olabilmekte veya sonrasinda
herhangi bir garanti verilememektedir. Bu da kullanicilarin cihazda olas1 bir ariza durumunda yeni
masraflarla karsilagmasina neden olabilmektedir (Weelden vd., 2016).

Endiistri 4.0, iiretim siireglerinin otomatiklestirilmesi, verimliligin artirilmasi ve iletisim
teknolojilerinin kullanimu ile birlikte daha akilli ve esnek hale getirilmesi amaciyla gelistirilmis bir
endiistriyel doniisiim siirecidir. Endiistri 4.0 destekli akilli cihaz yenileme isleme ile ilgili hedefler
asagida siralanmistir (Boulouf vd., 2022):

Otomatiklestirilmis Uretim: Yenilenmis cihazlarin iiretiminde Endiistri 4.0, iiretim hatlarinin
otomatiklestirilmesini ve robotik sistemlerin kullanimini saglayarak daha hizli ve verimli iiretim
yapilmasini hedeflemektedir.

Akaill Cihazlar: Endiistri 4.0, yenilenmis cihazlarin akilli cihazlar haline getirilmesi i¢in gerekli
olan sensorler, veri toplama sistemleri ve analitik araglar1 saglamaktadir. Bu sayede cihazlarin daha
akilli, verimli ve kullanici dostu hale getirilmesi amaglanmaktadir.

Verimlilik ve Enerji Tasarrufu: Endiistri 4.0, yenilenmis cihazlarn tiretiminde enerji tasarrufu
saglamak icin kullanilan yenilik¢i teknolojileri desteklemektedir. Bu sayede hem ¢evresel
stirdiiriilebilirlik hem de isletme maliyetlerinde tasarruf saglanmasi hedeflenmektedir.

Gercek Zamanl: Iletigim: Endiistri 4.0, yenilenmis cihazlarin ger¢ek zamanl olarak izlenmesi
ve kontrol edilmesi i¢in gerekli olan iletisim teknolojilerini saglamaktadir. Bu sayede cihazlarin
iiretim siireci daha iyi yonetilebilmekte ve hatalar daha hizli tespit edilebilmektedir.

Daha Esnek Uretim: Endiistri 4.0, yenilenmis cihazlarin iiretiminde esneklik saglayarak, farkli
irlinlerin iretimine hizli bir sekilde gecis yapilmasini hedeflenmektedir. Bu sayede miisteri
taleplerine daha hizli cevap verilebilmekte ve {retimdeki degisiklikler daha kolay
yonetilebilmektedir.

Bakim optimizasyonu: Endiistri 4.0 teknolojileri, yenilenmis cihazlarin bakim siirecini optimize
etmeye yardimci olabilmektedir. Sensorler ve veri analitigi araglari, cihazlarin performansini
izlemeye ve bakim gerektiren durumlar1 6nceden tahmin etmeye yardimci olabilmektedir. Bu da
bakim stiresini azaltmakta ve cihazlarin daha uzun siireli kullanimin1 saglamaktadir.

2.3 Endiistri 4.0 Standartlan

"Standart" bir iiriiniin, hizmetin veya islemin kabul edilebilir veya minimum gereksinimlerini
belirleyen bir kilavuz veya ol¢iittiir. Bir baska deyisle, standartlar, belirli bir endiistri veya sektorde
kullanilan bir iirlin veya hizmetin minimum kalite, giivenlik, performans veya diger 6zelliklerinin
belirlenmesinde kullanilan bir referans noktasidir (Karabal, 2022). Standartlar, endiistriler arasi
uyumu artirarak irilinlerin veya hizmetlerin gilivenligi, kalitesi, dayanikliligi ve performansinin
artirilmasina yardimei olmaktadir. Ayrica, standartlar, bir {iriinlin veya hizmetin miisteriler tarafindan
daha kolay algilanmasina ve secilmesine de yardimci olmaktadir (Akbaba, 2005). Standartlarin
olusturulmasi genellikle bir endiistri veya sektdrdeki uzmanlar tarafindan yapilmakta ve bunlar ¢esitli
testler ve degerlendirmeler yaparak minimum gereksinimleri belirlemektedir. Standartlar, genellikle
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hiikiimetler tarafindan zorunlu hale getirilmekte veya endiistri standart organizasyonlar: tarafindan
goniillii olarak benimsenmektedir (Aktan, 2017).

Standartlar, belirli bir iiriin, hizmet veya islem i¢in minimum kalite, performans, giivenlik ve
diger oOzellikleri belirleyen bir kilavuz veya oOlgiittiir. Standartlarin faydalar1 asagidaki sekilde
siralanabilir (European Standars, 2010).

Kalite Kontrolii: Standartlar, iirlinlerin veya hizmetlerin belirli bir kalite seviyesini
kargilamasini saglamaktadir. Bu, {irlinlerin veya hizmetlerin miisterilerin beklentilerine uygunlugunu
garanti etmektedir.

Giivenlik: Standartlar, iirinlerin veya hizmetlerin giivenli olmasin1 saglamaktadir. Belirli bir
iirlin veya hizmet i¢in standartlar olusturmak, iiriinlerin veya hizmetlerin kullanimi sirasinda glivenlik
risklerini azaltabilmektedir.

Endiistri Uyumu: Standartlar, bir endiistri veya sektérde kullanilan iiriinlerin veya hizmetlerin
belirli bir kalite seviyesine uygun olmasini saglamaktadir. Bu, farkli sirketlerin veya kuruluslarin ayni
kalite standartlarina uygun iiriinler veya hizmetler sunmalarini1 saglamaktadir.

Rekabet: Standartlar, farkli sirketler veya kuruluslar arasinda rekabeti artirmaktadir. Esit kalite
seviyesine sahip lriinler veya hizmetler sunan sirketler, miisteriler tarafindan daha rahat tercih
edilmektedir.

Tiiketici Korumasi: Standartlar, tliketicilerin irlinlerin veya hizmetlerin belirli bir kalite
seviyesine uygun oldugunu bilmesini saglamaktadir. Bu, tiiketicilerin iirlin veya hizmetlerin kalitesi
konusunda endise duymadan aligveris yapmalarini saglamaktadir.

Miisterilerin isteklerini karsilamak iizere yenilenmis cihaz iiretimi yapan bilgi teknolojileri
hizmeti veren kurum veya birimlerin yetenek ve performanslarini devamli iyilestirmek ve gelistirmek
icin kalite veya bilgi giivenligi gibi standartlarla biitiinlesebilecek standartlar bulunmaktadir. Konu
ile ilgili standart, yonetmelik ve ilgili referanslardan Endiistri 4.0 ile yenilenmis cihaz iiretimi
yapabilmek i¢in gerekli standartlar asagidaki Tablo 1.’de siralanmistir (European Standards, 2010):

Tablo 1. Yenilenmis Cihaz Uretimini Endiistri 4.0 ile Yapilabilmesi i¢in Gerekli Standartlar

Standart Kodu Agiklama
TSISO IEC Bilgi Teknik Hizmet Yonetim Sistemi
20000-1

FCC standartlar1 Federal fletisim Komisyonu (FCC) tarafindan belirlenen standartlar, yenilenmis akilli cihazlarin
elektromanyetik radyasyon emisyonlarina uygunlugunu saglamak igin gerekli olan unsurlari
igermektedir.

CE standartlari Avrupa Birligi'nde satilan yenilenmis akilli cihazlar, CE standartlarina uygun olmalidir. Bu
standartlar, cihazin saglik ve giivenlik kosullarina uygunlugunu kontrol etmektedir.

UL standartlari Yenilenmis akilli cihazlarm iiretiminde, Underwriters Laboratories (UL) tarafindan belirlenen
giivenlik standartlarina uyulmasi gerekmektedir. Bu standartlar, cihazin giivenligi ve kullanimiyla
ilgili konular1 kapsamaktadir.

RoHS Yenilenmig akilli cihazlarin {iretiminde, RoHS (Tehlikeli Maddelerin Kullaniminin
standartlar1 Sinirlandirilmasi) standartlarina uyulmasi gerekmektedir. Bu standartlar, cihazlarda kullanilan
bazi tehlikeli maddelerin miktarint sinirlamaktadir.

GDPR Yenilenmis akilli cihazlarin tiretimi ve satisi, Avrupa Birligi'nin Genel Veri Koruma Y &netmeligi
standartlar1 (GDPR) gibi veri koruma yasalarina uygun olmalidir. Bu standartlar, kisisel verilerin korunmasi
ve gizliliginin saglanmasi i¢in tasarlanmustir.
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TUV Rheinland Yenilenmis akilli cihazlarin giivenlik, kalite ve performans standartlarina uygun oldugunu

uyumlulugu gostermektedir.

Uretici Garanti Yenilenmis akilli cihazlar, orijinal {iireticilerin garanti standartlarina uygun olmalidir. Bu

Standartlari standartlar, cihazin garanti siiresi, garanti sartlar1 ve garanti kapsamin1 belirlemektedir.

Yenilenmis Yenilenmis cihazlara en az 12 ay garanti verilmesi gibi konular1 belirtmektedir.

Uriinlerin Satist

Hakkinda

Yo6netmelik

IP Rating: IP (Ingress Protection) derecelendirme standardi, cihazin toz ve sivi niifuzuna Kkarsi
dayanikliligin1 belirlemektedir. Ornegin, bir akilli cihazinIP68 sertifikasi, cihazin suya ve toza
kars1 dayanikli oldugunu goéstermektedir.

WEEE: Elektrikli ve elektronik atiklarin ydnetimi i¢in bir yonergedir ve elektronik cihazlarin tiretiminden
kaynaklanan atiklarin dogru sekilde yonetilmesini gerekmektedir.

1ISO 9001 Uriin ve hizmetlerinin kalitesini nasil iyilestirebileceklerini ve miisterilerinin beklentilerini tutarl:
bir sekilde nasil kargilayabileceklerini saglamaktadir.

I1ISO 14001: Bu standart, ¢evre yonetim sistemi kurulmasini ve siirdiiriilebilirlik hedefleri dogrultusunda gevre
etkilerinin azaltilmasini amaglamaktadir. Bu standardin uygunlugu, iriinlerin ¢evresel etkisini
minimize etmeyi amaglayan bir yenilenme siirecinde dnemlidir.

IEC 61883- Herhangi bir ses ve/veya miizik verisi isleme, liretim ve doniistiirme fonksiyon blogu ile herhangi

6:2014 bir modiile veya cihaza uygulanabilmektedir. Bu standart, yalnizca ses ve miizik verilerinin iletimi
ile ilgilidir.

ISO IEC 14496- | Sirasiyla cep cihazlar1 gibi kaynaklari kisitli cihazlara zengin medya hizmetlerini sunmak ve

20:2008 uygun bir sahne tanimlama formati (LASeR) ve bir toplama formati (SAF) tanimlamaktadir.
LASeR, zengin medya hizmetlerinin tiim gereksinimlerini sahne tanimlama diizeyinde
kargilamay1 amaglamaktadir.

ISO IEC 14496- | Cep cihazlar1 gibi sinirli kaynaklara sahip cihazlar igin tasarlanan Graphics Framework eXtensions

21:2006/Cor (GFX), MPEG standart Java uygulama ortamimin (MPEG-J) bir alt kiimesini bir Java API ve diger

1:2007 standart Java API'leri ile birlestiren 3B olusturuculara erisim igin bir ¢er¢eve saglamaktadir.

ISOIEC TR Mobil AIDC (otomatik tanimlama ve veri yakalama) hizmetleri igin bir referans mimariyi

29172:2011 tanimlamaktadir. Ornegin, radyo frekansi tanimlama (RFID).

ISO IEC 11172- Depolama ortami i¢in yiiksek kaliteli sesin kodlanmig gosterimini ve yiiksek kaliteli ses

3:1993/Cor sinyallerinin kodunu ¢6zme yontemini belirtmektedir.

1:1196

ISO IEC Kanitsal degeri olabilecek potansiyel dijital kanitlarin tanimlanmasi, toplanmasi, elde edilmesi ve

27037:2012 saklanmasi gibi dijital kanitlarin ele alinmasina yonelik belirli faaliyetler ig¢in yoOnergeler
saglamaktadir.

ISO IEC 15149- | Aymi frekans bandinda hem kablosuz gii¢ iletiminin hem de veri iletiminin ayn1 anda

2:2015 gerceklestirildigi bir bant ici ag sistemi kurmaktadir. Istikrarl bir ag ile birlikte uzak ve tutarli bir
giic kaynagi i¢in teknik ¢6ziim saglamaktadir.

ISO 17215- Video kamera ara yiizleri i¢in iletisim gereksinimlerini belirtmektedir. Esas olarak ISO/OSI temel

4:2014 referans modelinin fiziksel, baglanti, ag ve tagima katmanlar ile ilgilidir.
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11:2009/Amd
3:2014

ISO IEC 30137- | Izleme listelerine kars1 gercek zamanli calisma ve video verilerinin olay sonrasi analizi dahil

1:2019 olmak {izere bir dizi senaryo i¢in VSS'de (Kapali Devre Televizyon veya CCTV sistemleri olarak
da bilinmektedir) biyometri kullanimima uygulanabilmektedir. Cogu durumda, tercih edilen
biyometrik mod yiiz tanima olacaktir, ancak bu belge ayni zamanda yiiriiylis tanima gibi diger
modaliteler i¢in de rehberlik saglamaktadir.

ISO IEC 23000- | ISO tabanli medya dosyasi formatina dayali olarak stereoskopik video iceriklerinin depolanmast,

degis tokusu, yonetimi, diizenlenmesi ve sunumu i¢in uygun bir dosya formatini belirtmektedir.

12905:2011/Cor
1:2013

ISO IEC 23090- | Video, resimler, ses ve zamanli metin dahil olmak iizere ¢ok yonlii ortamlari kodlamak,

2:2021 depolamak, iletmek ve islemek i¢in ¢ok yonlii ortam bigimini belirtmektedir.

ISO IEC Kisisel mobil iletisim cihazlar1 (6rnegin, cep telefonlar1 ve kisisel dijital asistanlar) tarafindan

24755:2007 sunulan, ilgili islevleriyle birlikte tutarli bir ekran simgeleri ve sembolleri seti tanimlamaktadir.
Bu simgeler ve semboller, tipik islevleri ve durumlari temsil eden gergek diinyadaki nesneler
tizerindeki geleneksel kontroller ve islevlerle iligkilendirilmektedir.

ISO IEC 20954- | iki donme bileseninden, sapma ve egimden olusan elde tutulan bulaniklig1 telafi eden hareketsiz

1:2019 goriintiiler i¢in optik goriintli sabitleme performansini 6l¢gmek icin bir yontem agiklanmaktadir.
Video kamera ve cep telefonu gibi hareketsiz goriintii cekme islevine sahip cihazlar bu belgenin
kapsamindadir.

ISO IEC Kart sahibi tercihlerini kodlayan bir entegre devre kartinda (6rnegin, SIM/UIM) kisisellestirilecek

bir dizi veri 6gesini belirtmektedir. Bu veri 6geleri karttan alinacak ve terminale kullanicinin
belirli kullanicr arabirimi gereksinimleri oldugunu belirtmek i¢in kullanilacaktir.

19093:2018/Amd
1:2020

ISO IEC Pasif bir geri sacilma sisteminin pargast olan Mobil radyo frekansi tanimlama (RFID)

29143:2011 sorgulayicilari i¢in bir hava arabirimi 6zelligi saglamaktadir. Sorgulayicilarin kanal tespitini
desteklemeleri gerekmemektedir, yani Konusmadan Once Dinle (LBT) uygulamalarini
gerektirmezler ve bir veya daha fazla es-sorgulayiciyla ¢arpigma riski altinda sans eseri komutlart
iletmektedirler.

ISO TR EHR'ler, hasta portallart ve PHR sistemleri ile birlikte cep telefonlari, akilli cihazlar, mobil

21835:2020 uygulamalar ve uzaktan izleme cihazlari gibi ¢esitli modaliteler yoluyla yakalanan ortak veri
Ogelerinin ¢evresel bir taramasini saglamaktadir ve sonugta cesitli cihazlara uygulanabilmektedir.

I1SO Bir kameranin diigiik 151k performansini 6lgmek igin bir protokolii belirtmektedir. Kamerali

telefonlar ve diger mobil cihazlar dahil olmak {izere dijital kameralarin 6l¢iimii igin gegerlidir.

19795-9:2019

ISO IEC 9995- Oncelikle, tam boyutlu klavyelerin yani sira mobil cihazlarda ("akilli telefonlar" veya avug ici
9:2016/Amd bilgisayarlar) bulunan minyatiir klavyelerle kullanim igin kelime isleme ve metin isleme
1:2019 uygulamalarina yoneliktir.

ISOIECTS Kimlik dogrulama giivencesini iyilestirmek i¢in yerel biyometrik kimlik dogrulamasi olan mobil

cihazlarda kullanildiginda, biyometrinin performans testi i¢in rehberlik saglamaktadir.

ISO IEC 23220- | Tamamen veya kismen bir mobil eID (e-kimlik sistemi) belirlenmesi, mimarisi, tasarimi, test

1:2023 edilmesi, bakimi, yonetimi ve isletilmesinde yer alan kuruluslar i¢in gegerlidir.

ISOIEC TR Acik piyasadan tedarik edilen sistemler i¢in mobil bir ortamda tutarli ve giivenli bir biyometrik

30125:2016 (bagimsiz veya biyometrik olmayan tarafindan desteklenen) kisisellestirme ve kimlik dogrulama
yontemi gelistirmek i¢in rehberlik saglamaktadir.

ISO IEC 24779- | Genel halkin parmak izlerini toplayan ve/veya isleyen elektronik sistemlerin kullanimina ydnelik

4:2017 kavramlar1 ve prosediirleri anlamasima yardimci olacak bir dizi sembol, simge ve piktogram

icermektedir.
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ISO IEC 24779- | Genel halkin yiiz goriintiilerini toplayan ve/veya degerlendiren elektronik sistemlerin kullanimina

5:2020 yonelik kavramlar1 ve prosediirleri anlamasina yardimect olacak bir dizi piktogram, simge ve
sembol icermektedir.

ISO IEC 24779- | Vaskiiler goriintii tanima ile birlikte kullanilacak sembolleri ve simgeleri belirtmektedir.

9:2015

ISO IEC Sensorleri, fonksiyonlarini, teslim edilen dl¢iimlerini ve sensor verileri igin isleme kurallarini

24753:2011 tanimlamak i¢in kodlama kurallarini tanimlamaktadir.

ISO IEC 15961- | Sensorleri, fonksiyonlarimi, teslim edilen dl¢limlerini ve sensor verileri i¢in isleme kurallarini

4:2016 tanimlayan komutlar1 almaktadir ve uygun yanitlar icin gerekli bilgileri saglamaktadir.

ISO IEC 13235- | ODP Ticaret Islevinin, OSI Kilavuzunun bilgi girisleri ve destek mekanizmalar1 kullanilarak nasil

3:1998/COR uygulanabilecegini agiklamaktadir.

1:2006

ISO IEC Uluslararas1 Standart, A¢ik Dagitilmig Yonetim Mimarisini (ODMA) tanimlamaktadir. ODMA

13244:1998/Amd
1:1999

hem agik dagitilmis bir uygulama olarak sistem yonetimini hem de agik dagitilmig uygulamalarin
yonetiminin belirlenmesi ve gelistirilmesi igin bir mimari saglamaktadir. ODMA ayrica mimaride
ihtiya¢ duyulan standartlarin gelistirilmesi i¢in mimari ¢er¢eve saglamaktadir.

ISO IEC ISO IEC 14750:1999, ODP Referans Modelini saglamay1 amaglamaktadir.

14750:1999

ISO IEC Bir ara yiiz referansi, diigiimlerdeki nesnelere baglanma da dahil olmak {izere, baglamalar
14753:1999 olusturmak icin gereken bilgileri icermektedir.

ISO IEC IEEE Giivence ile ilgili terimleri tanimlamakta ve giivence icin kullanici topluluklar arasinda paylasilan

15026-1:2019

anlayisa bir temel saglamak iizere organize bir kavramlar ve iligkiler dizisi olusturmaktadir.

ISO IEC IEEE
15026-2:2022

Garanti durumlarinin yap1 terminolojisine iliskin gereklilikleri belirtmektedir. Ayrica garanti
durumlarmin gelistirilmesi ve siirdiiriilmesi i¢in gegerlidir.

ISO IEC IEEE Biitlinliik diizeyi kavramini, biitiinliik diizeyine ulasildigint géstermek icin karsilanmasi gereken

DIS 15026-3 karsilik gelen biitiinliik diizeyi gereksinimleriyle birlikte belirtmektedir. Sistemleri, yazilim
iiriinlerini ve bunlarin 6gelerini ve ayrica ilgili dig bagimliliklar1 kapsamaktadir.

ISO IEC IEEE Iddiay1 gerceklestirerek ve basariy1 gostererek, ilgilenilen sistem hakkinda segilen bir iddianm

15026-4:2021

giivence altina alinmak i¢in rehberlik ve tavsiyeler saglamaktadir.

ISO IEC Saticilar i¢in gereksinimleri belirtmekte ve yazilim giivenligi ve giivenlik dogrulama araglarinin

23643:2020 hem kullanicilart hem de gelistiricileri i¢in yonergeler saglamaktadir.

ISOIECTS Bireysel bir kullanicinin veya bir igletmenin ihtiyaglarmi destekleyen BT hizmetleri igin

25011:2017 gecerlidir.

ISO IEC Ozellikler ve alt ozellikler, sistem ve yazilim {iriin kalitesini belirlenmesi, olgiilmesi ve

25010:2011 degerlendirilmesi icin tutarli bir terminoloji saglamaktadir. Ayrica, belirtilen Kkalite
gereksinimlerinin eksiksizlik agisindan karsilastirilabilecegi bir dizi kalite 6zelligi saglamaktadir.

ISO IEC Bir iiriin hattindaki yazilim tirtinleri, yazilim hizmetleri, yazilim yogun sistemler (Sistem Mimarisi

26555:2015 dahil ve donanim harig) i¢in teknik yonetimin araglarini ve yontemlerini kapsamaktadir.

ISO TS 9241- Insan-bilgisayar etkilesimi i¢in temassiz el ve kol hareketlerinin tasarimi, secimi ve optimizasyonu

430:2021 hakkinda rehberlik saglamaktadir. Farkli hareket seti tasarimlariyla iligkili kullanilabilirlik ve

yorgunlugun degerlendirilmesini ele almakta ve hareketlerin tasarimini ve seg¢imini
degerlendirmeye yonelik yaklagimlar i¢in oneriler sunmaktadir. Bu belge ayn1 zamanda hareket
kiimelerini segme siirecinin belgelenmesi konusunda rehberlik saglamaktadir.
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ISO 9241- Klavyeler, fareler, diskler, oyun c¢ubuklari, izleme toplari, izleme dortgenleri, tabletler ve dis
410:2008/Amd gorliniimler, dokunmatik ekranlar, prob uclar1 ve 151kl kalemler ve ses ve hareket kontrollii
1:2012 cihazlar dahil olmak tizere etkilesimli sistemler icin fiziksel giris cihazlarinin tasarimi igin

ergonomiye dayali kriterleri belirtmektedir. Kullanicilarin yeteneklerini ve sinirlamalarini géz
oniinde bulundurarak bu cihazlarin tasarimina rehberlik etmekte ve fiziksel giris cihazlari igin
genel tasarim kriterlerinin yani sira her cihaz tipi igin 6zel kriterleri belirtmektedir.

TSE 13906 Kullanilmis cep telefonu ve tabletlerin belirli bir standartta yenilenerek, garantili ve sertifikal1 bir
sekilde “yenilenmis iirlin” olarak tekrar satisa sunulmasina iligkin usul ve esaslari diizenleyen
Yenilenmis Uriinlerin Satis1 Hakkinda Yonetmelik 22.08.2020 tarihli ve 31221 sayili Resmi
Gazetede yayimlanarak yiirlirliige girmistir. Anilan Yonetmelik hiikiimleri uyarinca, “yenileme”
islemlerini yapma ve “yenilenmis {irlin” piyasaya arz etme faaliyetleri Bakanligimizca
yetkilendirilen yenileme merkezleri tarafindan yapilabilecektir.

2.4 Dongiisel Ekonomi

Dongiisel ekonomi, iirlinlerden maksimum kullanimin elde edilmesi ve sonlandirmak i¢in
minimum atik dretilmesi niyetiyle diisiiniilmiis ekonomik bir sistemdir (Stahel, 2016). Mevcut
malzeme ve iirlinlerin yeniden kullanilmasi, onarilmasi, yeniden hayata kazandirilmasi ve geri
donistiiriilmesidir. Endiistriyel ekonomide iiretim, kullanim ve imha siireci yerine donilisiimii ve
yeniden doniisiimii esas almay1 ifade eden endiistriyel bir terimdir (Balbay vd., 2021).

2.5 Siirdiiriilebilir Kalkinma

Stirdiiriilebilir kalkinma, “Bugiiniin ihtiyaclarini, gelecek nesillerin kendi ihtiyaglarini
karsilama yeteneginden 6diin vermeden karsilayan kalkinma” olarak tanimlanmaktadir (UNICEF,
2023). Yenilenmis cihazlar, siirdiiriilebilir kalkinma amaglariyla esdegerdir. Bu cihazlarin yeniden
kullanimi, elektronik atik miktarini azaltarak dogal kaynaklarin korunmasina yardimet olur. Ayrica,
yenilenmis cihazlarin daha uygun fiyath bir segenek sunmasi, tiikketicilerin daha az kaynak kullanarak
daha fazla iiriin elde etmelerine yardimei olur ve boylece tiiketicilerin biitcelerini rahatlatmaktadir.
Buda, siirdiirtilebilir tiiketim ve iiretim modellerini tesvik ederek, toplumsal ve ekonomik kalkinmay1
desteklemektedir. Yenilenmis cihazlar, dijital farki azaltarak, daha fazla insanin dijital hizmetlere
erisimini saglamaktadir. Bu durum, 6zellikle gelismekte olan iilkelerde ve diisiik gelirli ailelerde,
dijital esitsizligi azaltarak, bilgiye ve iletisime erigimi artirmaktadir. Tiim bu nedenlerden dolay1,
yenilenmis cihazlar, siirdiiriilebilir kalkinma hedeflerine ulagsmak i¢in 6nemli bir ara¢ olarak
karsimiza ¢ikmaktadir.

Bir ¢aligmada, siirdiiriilebilir bir toplum i¢in yenilikg¢i bir tiiketim modeli gelistirmeye yonelik
caligmalarinda kisilerin sadece bireysel fayday1 degil, toplumsal faydayr da maksimize edecek bir
tiketim anlayist edinmelerinin 6nemi ve bu modelin yayginlagmasinda ne gibi gorevler
tistlenebilecekleri tizerinde durulmustur (Hansen ve Schrader, 1997). Yine yukaridaki ¢alismada
onerilen modele gore tiiketicilerin, pazar ekonomisinin tetikledigi bireysel ihtiyaglari en iyi bicimde
karsilamay1 hedefleyen tiiketim bi¢imi yerine dogal, sosyal ve ekonomik kaynaklar1 kullanmada hem
mevcut hem de gelecek nesillerle esit olma ilkesini benimsemeleri gerektigi onerilmektedir (Hansen
ve Schrader, 1997). Bu dogrultuda calismada, tiiketicilerin genel tiiketim miktarlarini azaltmalar1 ve
ekolojik agidan duyarl: bir tiikketim yontemi gelistirilmeleri tizerinde durulmaktadir.

3. AKILLI CIHAZLARIN YENILENME ASAMALARI VE STANDARTLARI

Yenilenmis akilli cihazlar daha 6nce kullanilmis ve iade edilmis cihazlarda onarim, bakim ve
yenileme islemlerinin ardindan satisa sunulan cihazlardir. Yenilenme siireci, cihazin kullanim
omriinii uzatmak ve daha iyi performans sunmak i¢in bircok asamay1 icermektedir (Rudolf vd. 2022).

Ik asamas1, 6n kontrol ve degerlendirme siirecidir. Bu asamada, cihazin dis yiizeyi, ekran,
kamera lensleri ve baglanti noktalar1 gibi bilesenleri temizlenmekte ve cihazin tiim islevleri test
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edilmektedir. Bu sayede, cihazin hangi bilesenlerinin degistirilmesi gerektigi belirlenmektedir.
Ornegin, ekranda ¢izikler veya kiriklar varsa, ekranin degistirilmesi gerekebilmektedir.

Ikinci asama, cihazin tamir ve degistirme islemlerini icermektedir. Bu asamada, tespit edilen
sorunlu bilesenler degistirilmekte veya tamir edilmektedir. Ornegin, cihazin bataryas:i dmriinii
tamamlamigsa, yeni bir batarya takilmasi gerekebilmektedir. Cihazin ekrani catlaksa, ekranin
degistirilmesi gerekebilmektedir. Bu asama, cihazin yenilenmesi i¢in en 6nemli asamalardan biridir.

Ucgiincii asama, cihazin yazilimini ve donanimini yenilemek igin gerceklestirilmektedir. Bu
asamada, cihazin isletim sistemi giincellenmekte ve cihaza uygun siiriiciiler yiiklenmektedir. Cihazin
bellegi temizlenmekte ve yenilenmektedir. Bu asamada, cihazin yenilenmis bir siiriimii yaratilmakta
ve cithazin kullanimi daha hizli ve daha akici hale getirilmektedir. Cihazin kamera ve diger bilesenleri,
gerekli olan yazilim ve donanim giincellemeleri yapilarak yenilenmektedir.

Dordiincii asama, cihazin yeniden test edilmesidir. Bu asamada, cihazin tiim islevleri yeniden
test edilmekte ve cihazin islemci, batarya, kamera gibi bilesenleri kontrol edilmektedir. Bu sayede,
cihazin yenileme islemlerinin tam olarak basarili olup olmadigi kontrol edilmektedir.

Son asama, yenilenmis akilli cihazin yeniden paketlenmesi ve satiga sunulmasidir. Yenilenmis
cihazlar, genellikle orijinal kutusundan farkli bir kutuda satisa sunulmaktadir. Cihazin kutusu,
yeniden paketlenmekte ve orijinal aksesuarlar eklenmektedir. Cihazin garanti siiresi, satiga
sunulmadan once kontrol edilmekte ve belgelenmektedir. Bu sayede, miisterilerin yenilenmis
cihazlar1 giivenle satin almalar1 saglanmaktadir.

Yenilenmis bir akilli cihaz, 6nceden kullanilmis bir cihazin tekrar kullanima sunulabilmesi i¢in
tamir edilmis ve test edilmis bir versiyonudur. Yenilenmis bir akilli cihaz satin alirken, cihazin
performansi, isletim sistemi giincellemeleri, pil 6mrii ve diger faktdrleri g6z 6niinde bulundurulmasi
gerekmektedir. Ayrica, kullanic1 olarak giivenlik ve veri gizliligi konusunda belirli standartlara
uyulmasini saglamak gerekmektedir. Bu standartlardan bazilar1 (Reczek ve Benson, 2021):

Elektriksel Giivenlik Standartlari: Y enilenmis akilli cihazlar, FCC, CE ve RoHS gibi elektriksel
giivenlik standartlarina uygun olmalidir. Bu standartlar, cihazlarin elektriksel giivenligi konusunda
belirli gereksinimler belirlemekte ve kullanicilarin giivenli bir sekilde kullanmalarini saglamaktadir.

Veri Silme ve Temizleme Standartlari: Yenilenmis akilli cihazlar, onceki sahiplerine ait tiim
verileri silmek ve cihazlar1 temizlemek icin belirli standartlara uyulmalidir. Ornegin, NIST Special
Publication 800-88 ve Blancco gibi standartlar, veri silme ve temizleme islemlerinin dogru bir sekilde
gerceklestirildigini ve 6nceki sahiplerin kisisel bilgilerinin cihazlarda kalmadigini dogrulamaktadir.

Kigisel Verilerin Korunmasi: Kisisel verilerin korunmasi, kullanicinin 6zel bilgilerinin izinsiz
kullanimini nlemek adimna bir yasal standarttir. Ornegin, Avrupa Birligi'nin Genel Veri Koruma
Tiiziigli (GDPR) ve ABD'de Kisisel Verilerin Korunmasi ve Elektronik Belgeleme Yasasi (ECPA)
gibi yasalar diizenlemeleri, kisisel verilerin nasil toplanacagini, islenecegini ve saklanacagina dair
kurallar1 igermektedir.

Donanim Kalitesi: Yenilenmis akilli cihazlarin donanim kalitesi, kullanicilarin giivenli ve
sorunsuz bir deneyim yasamasini saglamak igin belirli kalite standartlarina uygun olmalidir. Ornegin,
cihazlarin ekranlari, bataryalari, kameralar1 ve diger bilesenleri, belirli kalite testlerinden
gecirilmelidir.

Stirdiiriilebilirlik: Yenilenmis akilli cihazlarin iiretim siirecinde siirdiiriilebilir malzemelerin
kullanilmasi, enerji tasarrufu ve karbon ayak izinin azaltilmasi gibi ¢evresel etkilerin minimize
edilmesi gerekmektedir. Bu standartlarin 6rnekleri arasinda, ISO 14001 ¢evre yoOnetim sistemi
standartlar1 ve ISO 9001 kalite yonetim sistemi standartlar1 yer almaktadir.

Diistik Enerji Tiiketimi.: Y enilenmis akilli cihazlarin kullanim siirecinde diisiik enerji tiikketimine
sahip olmasi, enerji tasarrufu saglamasi ve ¢evresel etkilerin minimize edilmesi gerekmektedir. Bu
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standartlarin 6rnekleri arasinda, ENERGY STAR ve EPEAT gibi enerji verimliligi sertifikasyonlari
yer almaktadir.

Garanti ve Destek Standartlari: Yenilenmis akilli cihazlar, belirli bir garanti ve destek
standartlarina uygun olmalidir. Ornegin, cihazlarin belirli bir garanti siiresi, garanti kapsami, garanti
hizmeti, garanti gecerliligi ve garanti belgesi i¢inde olmasi1 ve teknik destek sunulmasi kullanicilar
i¢in onemlidir.

Sertifikasyon Standartlari: Yenilenmis akilli cihazlarin belirli sertifikasyon standartlarina

uygun olmasi1 gerekmektedir. Ornegin, Apple Certified Refurbished veya Samsung Certified Pre-
Owned gibi sertifikalar, cihazlarin belirli bir kalite standardina uygun oldugunu dogrulamaktadir.

Geri Doniigiim: Yenilenmis akilli cihazlarin 6mriinii tamamladiklarinda, geri doniisiim ig¢in
uygun bir sekilde ayristirilmalart ve tekrar kullanima hazir hale getirilmeleri gerekmektedir. Bu
standartlarin 6rnekleri arasinda, UL 110 Standartlar1 ve R2 (Responsible Recycling) sertifikasyonu
yer almaktadir.

Elektronik Atik Yonetimi: Yenilenmis akilli cihazlarin iiretim, kullanim ve geri doniisiim
stireclerinde elektronik atik yonetimi standartlarina uyulmasi gerekmektedir. Bu standartlar, atik
elektronik cihazlarin dogru bir sekilde toplanmasini, tasinmasini, islenmesini ve geri
dontstiirilmesini icermektedir. Bu standartlarin 6rnekleri arasinda, Elektronik Atik YoOnetimi
Yonetmeligi (EAYY) ve Elektrik ve Elektronik Cihazlarin Atiklarinin Kontrolii Y6netmeligi (EEEY)
yer almaktadir.

Bu standartlar, yenilenmis akilli cihazlarin giivenli ve sorunsuz bir sekilde {iretilmesini
saglamak i¢in 6nemlidir.

4. SONUC VE ONERILER

Yenilenmis cihazlar, ikinci el veya kullanilmis cihazlarin bakim ve onarim islemlerinden
gecirilerek tekrar kullanima sunulmasidir. Yenilenmis cihazlar, ekonomik, ¢evresel ve siirdiiriilebilir
acisindan bir¢ok fayda saglamaktadir. Maliyetinin yeni cihazlara gore daha diisiik olmasi, yiiksek
kalite ve garanti ile sunulmasi kullanicilarin tercih etmesi agisindan uygun bir secenek olmaktadir.
Ayrica ithalat kalemlerinin tasarruf edilerek azaltilmasi ve heniiz ekonomik dmriinii tamamlamamais
iirlinlerin yeniden piyasaya arz edilmesi cari a¢igin azaltilmasina yardimer olmaktadir. Yenilenmis
cihazlar, atilan cihazlarin sayisini azaltarak dogal kaynaklarin korunmasia yardimei oldugu i¢in
cevre dostu bir secenek olarak da goriilmektedir. Bu nedenle, yenilenmis cihazlarin kullanima,
stirdiiriilebilir bir gelecek i¢in 6nemli bir adim olarak goriilmektedir.

Endiistri 4.0, fabrikalarin otomatiklestirilmesi ve verimliliginin artirilmast i¢in dijital
teknolojilerin kullanimin1 tesvik eden bir felsefedir. Yenilenmis cihazlarin iiretiminde, Endiistri 4.0
teknolojileri  kullanarak {retim siirecinin her asamasi takip edilebilmekte ve optimize
edilebilmektedir. Ornegin sensorler ve veri toplama cihazlari kullanilarak cihaz performansi
izlenebilmekte, yapay zeka ve makine 6grenimi algoritmalari ile veriler analiz edilerek cihaz bakim
ihtiyaclarimin O6nceden tahmin edilmesi ve arizalarin Onceden Onlenmesi saglanabilmektedir.
Yenilenmis cihazlarin bakimi i¢in de Endiistri 4.0 teknolojileri kullanilarak, cihazlarin daha uzun
Oomiirlii olmas1 ve daha az ariza vermesi saglanabilmektedir. Bu da {iretim siirecinde kesintilerin
azalmasina ve dolayisiyla liretkenligin artmasina yardimei olabilmektedir. Endiistri 4.0 teknolojileri,
yenilenmis cihazlarin satis ve dagitiminda da kullanilabilmektedir. Ornegin, akilli etiketleme
teknolojileri kullanilarak cihazlarin onarim ve bakim ge¢misleri takip edilebilmekte ve miisteriler
cihazin ne kadar siiredir kullanildigini, hangi bakim ve onarimlarin yapildigini gérebilmektedir. Bu
nedenle, yenilenmis cihazlarin iiretiminde Endiistri 4.0 teknolojilerinin kullanilmas1 6nemlidir.

Yenilenmis cihazlarin iiretimi ve satigi, belirli standartlarin uygun bir sekilde uygulanmasi
gereken bir siirectir. Bu siireg, tiiketicilerin giivenli bir sekilde ikinci el iiriin alip satabilmeleri, garanti
ve ay1pli maldan dogan haklarini kullanabilmeleri agisindan 6nemlidir. Ancak, yenilenmis cihazlarin
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iretiminde kullanilan parcalarin kalitesi, cihazin performansini ve kullanicilarin gilivenligini
dogrudan etkilemektedir. Bu nedenle, {iretim ve onarim siirecinde kullanilan islemlerin ve parcalarin
uluslararasi standartlara uygun olmasi gerekmektedir. Bu calisma, oncelikli olarak birgok faydasi
olan yenilenmis cihaz hakkinda yapilan islemlerin giinlimiiziin iiretim yontemi olan Endiistri 4.0 ile
yapilmasinin gerekliligi hakkindadir. Ancak yapilacak olan bu tliretimin dezavantajlarinin azaltilmasi
ve kullanicilarin dogru bakis acilar1 kazanmasii saglamak i¢in standartlara uygun sekilde
yapilmasinin éneminden bahsedilmistir. Yine bu calisma ile lilkemizde mevcut yenilenmis cihaz
iiretimi yapan firmalarin katma degerlerini artirmak diger bir hedeftir. Sonu¢ olarak, yenilenmis
cihazlarin tiretim ve bakiminda Endiistri 4.0 teknolojilerinin kullanilmasi, {iretim siirecinin
verimliligini artirabilmekte ve maliyetleri diisiirebilmektedir. Yenilenmis cihazlarin kullanimi hem
bireysel hem de toplumsal diizeyde cevre dostu bir tiiketim modelinin gelistirilmesine ve
sirdiiriilebilir bir gelecegin insasina katkida bulunabilmektedir. Bu nedenle, endiistrinin bu
teknolojilere yatirim yapmasi ve kullanmasi, rekabet avantaji elde etmek i¢in dnemlidir.
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ALGSLS89: Bir Cezayir Isaret Dili Veri Seti
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ALGSL89: An Algerian Sign Language Dataset

Ahmed KHELDOUN!
Imene KOUAR?

DOI:10.33461/uybisbbd.1339892 El Bachir KOUAR?
Oz

Makale Bilgileri  Otomatik Isaret Dili Tamima (ASLR), sagir ve igiten insanlar arasinda iletisimi kolaylastirmay

Makale Tiirii: amaclayan aktif bir arastirma alamdur. Ozellikle Cezayir Isaret Dili (ALGSL) baglaminda isaret

Arastirma Makalesi @il tamima, heniiz kapsamli bir sekilde incelenmemiy benzersiz zorluklar sunmaktadur. Bildigimiz
kadarwla, simdiye kadar ALGSL Tamima iizerine bir ¢alisma yapiumamistir. Bu durum, biiyiik
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Kabul Tarihi- 10 konu tarafindan kaydedilen 89 farkli ALGSL isaretini kapsayan 4885 video icermektedir. Bu veri

07.12.2023 seti, Cezayir isaret dili topluluguna 6zgii ASLR arastirmalarint ilerletmek igin temel bir kaynak
olarak hizmet etmektedir. Ek olarak, el sekilleri, pozisyonlar, yoriingeler ve isaret hareketlerinin
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1. INTRODUCTION

Sign languages, as highlighted by (Ruben, 2005) exhibit significant differences from spoken
languages regarding their lexicons and linguistic grammars. Consequently, hearing individuals face
substantial difficulties communicating through sign languages without proper training, creating a
communication gap between the deaf and hearing communities. To bridge this communication divide,
sign language recognition has emerged as a developing area of research. To bridge this
communication divide, sign language recognition has emerged as a developing area of research. The
goal is to interpret the meaning conveyed by signers through their movements and gestures. The
history of SLR traces back to the 18th century, initially focusing on the recognition of simple finger-
spellings. Over time, research has evolved, with numerous studies exploring the potential solutions
offered by technologies and applications of sign language recognition (Obi et al., 2022) (Srivastava
et al., 2022) (Vargas et al., 2011). However, sign language recognition represents a challenging
research field, especially in the context of Algerian Sign Language (ALGSL). So far, to the best of
our knowledge, no study has considered the ALGSL recognition. This is mainly due to the lack of
available datasets.

There are numerous publications dealing with the automatic recognition of sign languages (AL-
Qurishi et al., 2021) (Adeyanju et al., 2021). The full task of recognizing a sign language depends on
a fundamental stage which is the pre-process step. The pre-process step is the task of preparing and
refining the input video before feeding it into the main machine learning model. Indeed, it is
reasonable to assume that optimizing the pre-processing of the input video is critical in improving
convenient real-time machine learning solutions for sign language recognition further. In the context
of video-based recognition, the pre-process can be simplified as :

— Tracking and segmenting the hands in every frame of the video.
— Recognizing the shapes of the hands, the movements they made and their positions.

The main contribution of this work is to propose a new ALGSL video-based sign dataset. For
that, we took a proactive approach and visited several deaf schools across Algeria, immersing
ourselves in the language and culture of the deaf community. This involved actively engaging with
deaf individuals, sign language interpreters, and native signers to capture a wide range of ALGSL
signs, gestures, and expressions. By actively involving the deaf people and gathering a diverse
dataset, we ensured that our research reflects the linguistic and regional variations within ALGSL. In
addition, we collaborated closely with the deaf community, valuing their expertise and incorporating
their feedback to ensure the accuracy and cultural authenticity of the collected data.

The second contribution of this work is to provide some statistics of the signs to better
understand the nature and challenges of our dataset. These statistics, need to be calculated during the
pre-process step, can be useful for benchmarking a variety of computer vision and machine learning
methods. Indeed, these statistics related to handshapes, positions, trajectories and amount of
movement of the signs, in each frame of the video.

The final contribution of this work is to test the validity of the proposed dataset by applying
several deep learning models. The obtained results indicates that the Autoencoder model outperforms
all the other proposed models. Based on the Autoencoder model, we have developed the first ALGSL
recognition system, named SignAtlas.

The remainder of this paper is organized as follows. Section 2 gives un overview about Algerian
sign language. In section 3, we present the new video-based sign dataset for ALGSL. Section 4
presents some statistics of the proposed dataset. In section 5, we describe some deep learning models
and results obtained with our dataset. In section 6, we present the developed ALGSL recognition
system. Finally, Section 7 concludes and gives some further research directions.
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2. ALGERIAN SIGN LANGUAGE

The ALGSL is a gestural language used by deaf individuals in Algeria as a means of
communication through signs. The ALGSL is officially recognized by the law of May 8, 2002, as the
first language of the deaf community in Algeria, making it the only country in the Arab world and in
Africa to officially recognize sign language (Lanesman, 2016).

The ALGSL can be traced back to its origin from French Sign Language (LSF). It is noteworthy
that Algerian Sign Language is not uniform, and comprises various regional variations (Hicham,
2021). These variations are not exhaustive and include, but are not limited to:

— Algerian Jewish Sign Language, AJSL or Ghardaia Sign Language since it was mainly
developed and used in the village of Ghardaia by the Algerian Jewish individuals at that time
(Lanesman & Meir, 2012).

— Algerian Sign Language of Laghouat, which is used by many Deaf people in Laghouat
province and other cities (or villages) around it (Amal, 2016).

— Algerian Sign Language of Oran, it is used by the Deaf in the North of Algeria, particularly
in the city of Oran (Sghier, 2007).

— Algerian Sign Language of Adrar, which is used by the Algerian Deaf community in Adrar,
in the South of Algeria (Abdelouafi, 2019).

The ALGSL is a gestural language that relies entirely on signs, which are produced through
different parts of the body, including one or both hands, the face, shoulders, or even the entire body.
Despite its uniqgue mode of expression, the ALGSL is considered to be a language like any other,
possessing a distinct vocabulary and organized syntax. To effectively learn and understand the
ALGSL, one must simply become familiar with its alphabet. In fact, every sign within the ALGSL
alphabet is generated by one or two particular hand postures, highlighting the precision and
complexity of the language's gestural system (Nekkaa, 2015).

ALGSL is composed of a total of 42 signs for alphabet (Nekkaa, 2015), which include 35 static
and 6 dynamic signs. It is noteworthy that these signs are produced using a single hand gesture (refer
to Figure 1). Moreover, each static sign is identified by two distinct features: configuration and
orientation.

ﬂ@Q@Q Q@

Figure 1. Algerian Sign Language Alphabet (the ones with red border are the dynamic signs)
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As an example, the sign for the letter "<" in Algerian Sign Language is defined by two
parameters (Nekkaa, 2015):

— Configuration: making a fist with the index finger extended.

— Orientation: the palm is facing upwards (or with the wrist in a downwards position).

3. ALGERIAN SIGN LANGUAGE DATASET (ALGSL89)

The development of an Algerian Sign Language dataset, aimed at facilitating the creation of a
dictionary and training an automatic sign recognition system. This dataset contains 4885 videos
showcasing ten non-expert subjects and one deaf individual each perform five repetitions of 89
distinct sign types. The selected signs, comprising both verbs and nouns, represent the most
commonly used elements of the ALGSL lexicon and are classified into nine thematic categories: time,
colors, places, justice-related terms, medical terminology, months, interrogatives, family, general
communication, and specific verbs. Figure 2 provides several examples of these signs.

-

- B _—

Figure 2. Snapshots of six frames random distinct signs extracted from the ALGSL89 dataset

Table 1 provides a detailed list of the signs used in our ALGSL89 dataset. It showing the ID,
name, and hand(s) used in each sign of the dataset. The "H" column specifies whether the sign was
performed with the right hand ("R"), left hand (L"), or both hands ("B").
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Table 1. List of the signs in ALGSL89 dataset, along with the ID and hand(s) used for each sign

ID | Name H | 1D Name H | 1D Name H | ID | Mame H
00 | Semaine B | 24 | Aéroport B | 48 | Juillet R | 72 | Prénom B
01 | Dimanche | R | 25 | Bangue B | 45 | Aoput R | 73 | Mom de B
famille
02 | Lundi R | 26 | Restaurant B | 50 | Septembre | B | 74 | Oui R
03 | Mardi R | 27 | H&tel R | 51 | Octobre B | 75 | Non R
04 | Mercredi R | 28 | Rue B | 52 | Movembre | B | 76 | Bonjour R
05 | Jeudi B | 29 | Ecole B | 53 | Décembre B | 77 | Merci R
06 | Vendredi R | 30 | Université R | 54 | Meére R | 78 | Derien R
07 | Samedi R | 31 | Loi B | 55 | Pére R | 79 | Question R
08 | Année B | 32 | Avocat B | 56 | Frére R | B0 | Message B
09 | Heur B | 33 | Juge B | 57 | Soeur R | 81 | Toilstte R
10 | Minute B | 34 | Liberté B | 58 | Fille R | 82 | Quand B
11 | Couleur R | 35 | Témaoin B | 58 | Gargon R | 83 | Comment B
12 | Blanc R | 36 | Héritage B | 60 | Entrer B | 84 | Ou R
13 | Noir R | 37 | Malade B | 61 | Sortir B | B5 | Combien B
14 | Rouge R | 38 | Vaccinaticn R | B2 | Aimer R | B& | Hier R
15 | Bleu R | 39 | Médecin R | 63 | Acheter B | 87 | Demain R
16 | laune R | 40 | Médicarment R | 64 | Manger R | B8 | Rendez- B
Vous
17 | vert R | 41 | Premier B | 65 | Chercher B
SECours

18 | Rose R | 42 | lanvier R | 66 | Demande B

19 | Hopital B | 43 | Février R | 67 | Ecrire B

20 | Police B | 44 | Mars B | 6B | Appeler B

21 | Tribunal B | 45 | Avril B | 689 | Perdre B

22 | Mosguée B | 45 | Mai R | 70 | Trouver R

23 | Pharmacie | R | 47 | Juin R | 71 | Traduire B

The ALGSL89 dataset was captured in eleven different sessions, primarily within the indoor
setting of our university classrooms. Each session focused on a specific set of signs, with most signs
being captured in a single session. However, some signs required additional sessions for refinement
and correction. More repetitions than required were captured during each session to account for
potential errors. We utilized indoor lighting for most of the recordings and supplemented it with an
artificial white projector to ensure consistent lighting across all sessions, regardless of the different
recording times. All recordings were captured using a OnePlus 8 smartphone, which records videos
at 4K 30fps with a 16:9 ratio. A tripod was set 1.6 meters away from the wall and at a height of 1.4
meters to maintain consistency across all recordings (more details illustrated can be seen in Figure
3).
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1.4
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Figure 3. The configuration of the recording setup

Due to unforeseen circumstances, we had to adjust the recording location for deaf Subject, who
was unable to participate in the same session as the others. We arranged a session at the deaf school
in Algeria, where the individual was located. Despite this change, we strove to maintain the same
recording conditions to preserve the dataset's quality and integrity.

The majority of the subjects wore dark-colored clothing and performed the signs against a white
wall background to maintain consistency across all videos. To enhance the database's diversity and
realism, we imposed minimal constraints on the subjects while performing the signs, ensuring a
natural execution and a more realistic representation of real-world signing conditions. We believe
that incorporating non-expert subjects added a greater level of diversity to the dataset.

In Table 2. Comparison of datasets we present a comparison of our dataset with the other video-
datasets existing in the literature. We consider only the datasets for isolated word recognition. The
advantage of our dataset is it provides the maximum number of samples per class of sign. This may
be useful for a good training of a machine learning model.

Table 2. Comparison of datasets

Dataset Subjects  Classes  Samples
LSA64 (Rosete et al., 2016) 10 64 3200
Boston ASL LVD (Neidle et al., 2012) 6 3300+ 9800
GSL 20 (Helen et al., 2011) 6 20 840
PSL Kinect 30 (Tomasz et al., 2015) 1 30 300
PSL ToF 84 (Tomasz et al., 2015) 1 84 1680
ALGSL89 (our) 10 89 4885

4. STATISTICS OF THE ALGSL89 DATASET

We present some statistics for the ALGSL89 dataset such as : Handshapes, Positions,
Trajectories and amount of movement of the signs. These details are crucial for researchers to gain a
nuanced understanding of the dataset, ensuring its effective utilization in Automatic Sign Language
Recognition studies. All these statistics has been computed using the Mediapipe library (Lugaresi et
al., 2019), which provides a real-time human body tracking.

4.1. Handshapes

In sign languages, handshapes refer to the configuration of the hands at a specific moment,
defined by the positioning of the fingers and palm. Figure 4 and Figure 5 showcase the distinct
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handshapes of the right and left hand, respectively, for each sign class. For both figures, we show
only the handshape of the first frame of the video-sign. We note that numerous handshapes exhibit

repetition, although their 2D projection may vary due to hand rotation. It means that signs in the
ALGSL 89 dataset possess significant overlap in terms of types of handshape.

177 F"}@

. -,-"

Figure 5. Images of segmented left hand as captured in the ALGSL89 dataset

4.2. Positions

In Figure 6, the mean initial and final positions for each hand, along with the covariance, are
depicted. Although some signs can be distinguished based on their positions, there is substantial
overlap observed in the majority of cases (i.e. positions are very close to each other).
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Figure 6. Means for the initial and final positions of the right hand for each sign (a and b), and also
for the left hand (c and d)

4.3. Trajectories

Trajectory refers to the motion or path the hands take when producing a sign. Figure 7 shows
sample trajectories of each sign, as performed by subject 6. There is a noticeable amount of overlap
in the movements of both one-handed and two-handed signs. Noteworthy examples of one-handed
signs with similar trajectories include signs 2, 3, 48, 40, and 15. Similarly, two-handed signs like
signs 52, 53, and 54 also exhibit comparable movement patterns.

1 (|2 3 4 5 3 7 8 9 10 11 12 13
3\
\ A |
\ Y
\ =~
14 15 16 17 18 19 20 21 22 23 24 25 26
— [— A
27 28 29 30 31 32 33 34 35 36 37 38 39
\
| = J = — \
\ h = ! M
1 /'1 / | ‘L_
40 a1 az a3 a4 45 45 a7 48 49 50 51 52
t ' ‘
! |
! |l
53 54 55 56 57 58 59 60 61 62 63 64 65
1.
f l ; \
\ \
6 o | 68 69 70 71 72 73 74 75 76 77 78
\ | ‘ &
l N, \ l‘\—/ § l] ) v
79 80 81 v |82 83 84 85 86 87 88 89
: ) —
| \

Figure 7. Sample trajectories for each sign in ALGSL89 dataset. The left-hand trajectory is shown
in light green, the right-hand one in blue, and the head position as a red circle

4.4. Amount of movement

Figure 8 shows the amount of movement for each hand, measured with coordination of the
central landmark in the trajectory of the hand. The movement in the left hand (blue bars) is
significantly smaller than that of the right hand (green bars) in many signs, consistent with the fact
that the right hand is the dominant one for all the subjects. Therefore, in ALGSL89 dataset, the right
hand is more used then the left one for producing the different class of signs.
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Figure 8. Amount of movement for each class of sign in ALGSL89 dataset.

5. APPLYING DEEP LEARNING TECHNIQUES

In this section, we describe some deep learning models and results obtained with the ALGSL89
dataset. First, we present the pre-process step, which consists in extracting features from input sign
video. The pre-process step is a fundamental stage in any deep learning technique (LeCun et al.,
2015). In Figure 9, we show the proposed pre-process step. From the input video, we extract only non
blurred frames using Laplacian variance. Then, from each selected frame, we extract an image of
each hand and 21 landmarks per hand. The result of this pre-processing step is a sequence of selected
frames, where for each frame we extract the handshape and positions of hands.

/ input video \ /aelected frames using\

Laplacian variance

L ” j- ’ hand
landmarks

hand box

P

(,, b4 544 / K / K j

Figure 9. Pre-processing step

The architecture of the developed deep learning models are described in the Appendix. The
models using the well known CNN (Alzubaidi et al., 2021) (Chang & Jin, 2017) and LSTM
(Lindemann et al., 2021) (Siriak et al., 2019) or a combination of them. Table 3 presents the obtained
results of different models on the ALGSL89 dataset. The reported metrics include the loss and
accuracy values. It is noted that the Autoencoder model outperformes all the other models. It achieves
encouraging performance. The Autoencoder combines both convolutional neural networks
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(2DCNNs) and long-short-term memory (LSTM) networks along with an attention mechanism
(Vaswani et al., 2017). In fact, the CNN model is used to capture spatial information in frames, the

LSTM model used to capture sequential dependencies in a series of frames and the attention concept
is used to focus on important parts in frames.

Table 3. Performance Comparison of different models on ALGSL89 dataset

Model Accuracy (%) Loss Validation Acc (%) Validation Loss
LSTM 92.28% 0.2259 60.56% 2.3433
2DCNN-LSTM 71.48% 0.9300 65.00% 0.9395
ConvLSTM 80.48% 0.6930 73.48% 0.9395
Autoencoder 100% 0.00005 98.99% 0.0015

6. GRAPHICAL TOOL

We have developed an automatic algerian sign language recognition system based on
Autoencoder model, named SignAtlas. This system, as shown in Figure 10. SignAtlas, allows users
to use webcam to start recording gestures, and the results are displayed in both written and sound

formats. Furthermore, SignAtlas allows users to upload pre-recorded videos and predicted the
corresponding gestures.

start recording B

Figure 10. SignAtlas
7. CONCLUSION AND FUTURE WORKS

The major contribution of this work is the proposed of a new ALGSL video-based sign dataset
which consisting of 89 distinct signs. We have presented a set of statistics and extra information to
characterize the dataset and allow researchers to easily understand its nature. This work is a result of
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visiting several deaf schools across Algeria and collaboration with the deaf community. The
development of this dataset aimed at facilitating the creation of a dictionary and training an automatic
sign recognition system for ALGSL. To the best of our knowledge, no study has considered the
creation of dataset for ALGSL.

In order to test the validity of our dataset, we have developed several deep learning models
where the Autoencoder model outperforms all the other proposed models. Based on the Autoencoder
model, we have introduced SignAtlas, an innovative ALGSL recognition system.

There are several perspectives to consider for further research:
— Collecting additional diverse samples, including a wider range of ALGSL signs,
gestures, and expressions to provide a complete basic working vocabulary for ALGSL.
— Extending SignAtlas for Continuous Sign Language Recognition where the system can
interpret complete sign language sentences and conversations would enable more natural
and fluid communication.
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Appendix: Detailed summary of the proposed deep learning models.

We present the architectures of the developed models used in this paper. These models were
designed to address the specific objectives and requirements of our study, as well as to facilitate a
comprehensive comparison between different approaches. The following figures provide detailed
architectures of each model, including the Autoencoder (Figure 11), ConvLSTM (Figure 12),
2DCNN-LSTM (Figure 13(a)), and LSTM Figure 13(b) architectures.
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Figure 11. Detailed summary of the Autoencoder model

As shown in Figure 11, the Autoencoder model is composed of an encoder, a bottleneck, and a
decoder.
— Encoder: The encoder part of our model consists of two branches. Each branch using a series

of convolutional layers, max-pooling layers, and dense layers. It applies a 2D convolutional
operation in a time-distributed manner to capture spatial information. Both branches extract
relevant features from their respective inputs.

— Bottleneck: The encoded features from the two branches are concatenated and passed through
an attention mechanism, which selectively focuses on important parts of the combined feature
representation.

— Decoder: The decoder part of our model utilizes an LSTM network to decode the encoded
features. The LSTM layer takes the attention-weighted features as input and processes them
in a recurrent manner, capturing sequential dependencies.
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Figure 12. Detailed summary of the ConvLSTM model
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Oz

Giiniimiizde web siteleri otel igletmeleri icin énemli bir pazarlama araci haline gelmistir. Bu
nedenle, otel web sitelerinin kalitesi ve sunduklart igerik, potansiyel miisterilerin satin alma
kararlarini etkileyen énemli faktorlerdir. Bu faktorlerin incelenmesi, otel web sitelerinin gelismislik
diizeyinin ortaya konmasint da kapsamaktadir. Bu nedenle, bu ¢alismada Tiirkiye'deki otel web
siteleri Genigletilmis Internet Ticareti Benimseme Modeli (eMICA) yontemi kullanilarak
degerlendirilmistir. Calismada, literatiirdeki diger ¢alismalardan farkli olarak, veriler Python
programlama dili kullanilarak veri kazima yoluyla otomatik olarak elde edilmis ve betimsel analiz
teknikleriyle analiz edilmistir. Calisma sonuglari, Tiirk otel web sitelerinin yeterli olgunluga sahip
olmadigini gostermigstir. Otel isletmeleri web sitelerini kapsamli bir pazarlama araci olarak
kullanmak yerine genellikle tanitim amach kullanmaktadir. Calisma ayrica yeni kriterler ekleyerek
eMICA yonteminin gelistirilmesine katkida bulunmayr amaglamistir.

Anahtar Kelimeler: eMICA, otel web siteleri, elektronik pazarlama, web sitelerinin
degerlendirmesi.

Abstract

Today, websites have become an important marketing tool for hotel businesses. Therefore, the
quality of hotel websites and the content they deliver are important factors that influence the
purchasing decisions of potential customers. Investigating these factors involve demonstrating the
level of development of hotel websites. Therefore, this study evaluated hotel websites in Tiirkiye
using the Extended Model of Internet Commerce Adoption (eMICA) method. In the study, dissimilar
to other studies in the literature, the data was obtained automatically via data scraping using Python
programming language and analysed with descriptive analysis techniques. The study results showed
that Turkish hotel websites did not have a sufficient degree of maturity. Hotel businesses generally
used their websites for promotional purposes rather than as a comprehensive marketing tool. The
study also aimed to contribute to the improvement of the eMICA method by adding new criteria.

Keywords: eMICA, hotel websites, electronic marketing, evaluation of websites.
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1. INTRODUCTION

Offering global reach and multimedia capabilities, the Internet has become increasingly
important in the promotion and distribution of tourism services, as in many other sectors (Litucy &
Rail, 2000). The presence of tourism businesses in the virtual environment is no longer exclusive to
large hotels; for independent hotels, a website with high design quality and usability has become an
effective marketing tool that can increase their competitiveness in the market (Merofio-Cerdan &
Soto-Acosta, 2007). Thus, many chains and independent hotel companies have developed their own
websites. In addition, operating a website is no longer an extraordinary cost for businesses today.
Moreover, having a website allows hotel businesses to manage business processes at a bigger scale
with a larger worldwide potential customer base, irrespective of geographical location, time zone and
the hardware features of the technological instrument through which the Internet is accessed (Yeung
& Law, 2004).

Most consumers today conduct their purchases through commercial websites. Moreover, hotel
businesses need to have an online presence in order to survive and compete. An online presence
enables the provision of information on accommodation, booking and sales through direct channels
based on customer preferences (Assiri & Shamsudeen, 2019). In this context, the Internet is
recognized as an effective marketing tool for the tourism industry (Buhalis & Law, 2008). In addition
to ensuring an attractive and informative web interface as possible, it is also essential to plan, develop
and evaluate hotel and resort websites to convert visitors into buyers (Ramos & Perna, 2009).

Online presence is critical for hotels, and website quality can influence customer attitudes
towards products and services (Assiri & Shamsudeen, 2019). A website can be regarded as an online
store and thereby characterizes the online shopping environment. Similar to the offline environment
where consumers need traditional cues such as brand and reputation to make decisions, internet users
rely on website features to evaluate potential gains and losses (Wang et al., 2015). At the same time,
website elements and the level of website maturity have become important for businesses for ensuring
customer satisfaction, increasing profitability, and sustaining their existence. Measuring and
improving the features and development level of e-commerce website interfaces enable businesses to
become more successful in electronic marketing and commercial aspects, which provides greater
website design efficiency for information publishing, interaction, and transactions.

In order to investigate the virtual presence of businesses and their commercial website
interfaces, the study evaluated the websites of 260 hotels operating in Tiirkiye, registered to the Hotel
Association of Tiirkiye (Tiirkiye Otelciler Birligi: TUROB), in 3 categories (3-, 4- and 5-star), based
on the measurement of their features and degree of maturity. An Extended Model of Internet
Commerce Adoption (eMICA) with 37 criteria was adopted as the scale for evaluation. Then,
descriptive analysis techniques were used to examine the existence of statistically significant
differences between hotel categories.

In past studies, data collection for the eMICA model was carried out through individual website
visits, which, along with the fact that these studies were conducted over prolonged periods, also
created a cost constraint. Furthermore, in some studies where websites were evaluated with content
analysis or the eMICA model, data collection was performed by more than one observer (Cristobal-
Fransi et al., 2018; Cristobal-Fransi et al., 2020; Daries et al., 2020; Kim & Kuljis, 2010). However,
different perspectives of multiple observers can yield varying results for some criteria. In contrast to
the general literature, the present study adopted an innovative approach, data extraction was
conducted automatically for each criterion with codes developed using Python programming
language. In other words, we developed algorithms that scan web pages to gather data for each
eMICA item via web scraping, which enabled data collection from the HTML architecture of web
pages. Our methodology allowed analysing a much larger number of websites, minimizing time
constraints, and reducing time cost, as well as eliminating subjective approaches due to multiple-
observer evaluations.
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2. THE EMICA MODEL

Originally developed in a simple framework, commercial websites have evolved over time to
become more complex and functional as businesses accumulated experience in information and
communication technologies (ICT) (Poon & Swatman, 1999; Van Skyle, 2000). With the increase in
the number of internet users, people started to spend more time on the internet and make their
purchases online, thus increasing the importance of the maturity of websites. Therefore, Cooper and
Burgess (2000) introduced the Model of Internet Commerce Adoption (MICA) to explain the
evolutionary process of e-commerce adoption and to analyse the degree of website maturity.

Basically, the MICA model consists of 3 stages: Promotion, Provision and Processing (Figure
1). While the Promotion stage includes features that signify basic information about the business,
Provision includes more advanced information and features that the user can interact with the site.
The Processing stage, which indicates the highest MICA maturity level, consists of the most complex
and sales-oriented site elements.

Stage 1.
Promotion

Stage 2:
Provision

Stage 3:
Processing

Figure 1: Stages of the MICA Model (Goi, 2007)

The MICA model, first developed to evaluate the websites of the metal manufacturing industry
in Australia, was characterized as an instrument that identifies the position of an organization or
industry on the Internet commerce roadmap and explains the processes by which it has arrived at that
position (Cooper & Burgess, 2000). The model suggests that, in the development of commercial
websites, businesses often start with a simple website and this presence gradually grows more
complex, incorporating new processes as the business builds up experience and knowledge of ICT
utilization (Cristobal-Fransi et al., 2020).

The MICA model was extended and updated as eMICA for application in different sectors
(Burgess etal., 2011). eMICA includes some additional layers ranging from simple to advanced levels
of maturity to adapt to e-commerce with a broad scope of development in different industries. The
eMICA model, similar to the MICA model, comprises three stages that characterize the business
process in three levels: Web-based Promotion, Provision, which refers to the delivery of information
and services, and finally Processing (Anandkumar & Kumar, 2015). In the eMICA model, dissimilar
to the MICA model, the items in the Promotion stage are categorized as basic and rich information,
while the Provision stage consists of three layers from low- to high-level interactivity (Table 1). The
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first stage of the eMICA model, Promotion, includes more basic information about the business, such
as phone number and e-mail address. The second stage, Provision, encompasses various items that
allow access to more advanced information on the business, as well as interaction with the website,
such as a photo album, a membership system, and video content. The third and final stage, Processing,
involves criteria relevant to the purchasing transactions of visitors, such as online booking.

Table 1: Stages of the eMICA Model

Stages Layers

Layer 1: Basic Information
Stage 1: Promotion
Layer 2: Rich Information

Layer 1: Low Interactivity
Stage 2: Provision Layer 2: Medium Interactivity

Layer 3: High Interactivity

Stage 3: Processing

In the first stage of the eMICA model, the use of the Internet as a communication tool and the
services offered by the business can be observed. The second stage considers the interactivity, i.e.
whether the website is dynamic or not. The last stage refers to the capacity to carry out e-commerce
securely. The stages of eMICA present a clear relationship with the evolution of the Internet, from
the first web pages, which were very simple in terms of content and information, to the latest web
pages, which are very complete and offer many different functionalities (Ramoén-Cardona et al.,
2022).

Websites are in a constant state of change and development. At the point of evaluating websites
in terms of content, there is no scale consisting of unchanging rules and criteria. eMICA model has
been used in the literature for many years because it standardises the website evaluation process to
some extent. New features added to websites over time are added to the appropriate layer of eMICA
and contribute to the development of the model.

3. LITERATURE REVIEW

In past research, the eMICA model was used as a scale for evaluating websites in various fields,
particularly in the field of tourism. However, content analysis methods have also been utilized in
conjunction with eMICA, and some of these studies have adopted descriptive analysis techniques in
the evaluation of the data gathered from the scale (Ahmed & Shaker, 2021; Assiri & Shamsudeen,
2019; Cristobal-Fransi et al., 2018; Cristobal-Fransi et al., 2020; Daries et al., 2018; Daries et al.,
2020).

While a commercial website has a level of maturity corresponding to the lower layers of eMICA
when it is first developed, it can advance to the higher levels of eMICA as the company gains
experience in the field of information technologies. For example, Burgess et al. (2011) evaluated the
websites of regional tourism organizations in Australia at four different times: 2000, 2002, 2004 and
2008. While only 0.53% of the websites evaluated for the year 2000 had a maturity level conforming
to eMICA's highest level of maturity, this rate was computed as 1.32% for 2002, 8.72% for 2004 and
the highest rate of 19.61% for 2008. Anandkumar & Kumar (2015) analysed the websites of regional
tourism organizations in 2010 and 2015, reporting that their position on the eMICA model in 2015
had improved to a more advanced level in comparison to 2010.
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Daries-Ramon et al. (2016) documented a relatively advanced level of technological
sophistication for the websites of ski resorts in Spain and Andorra. Daries-Ramon et al. (2017)
evaluated the websites of 102 restaurant businesses in Spain, determining that only 1 website was
able to attain the highest maturity level of eMICA, whereas the majority had a level of development
at the Promotion and low level of Provision levels.

Cristobal-Fransi et al. (2017) analysed the websites of 52 Alpine and Nordic ski resorts in Spain
and Andorra and found that the average level of maturity corresponded to the medium level of eMICA
and that the websites of ski resorts in the Alpine category had a higher level of development compared
to those in the Nordic category.

Zhou & Jia (2018) assessed the websites of 73 different tourist attractions in the Shanghai
region with the eMICA method. 15 of the websites had a level of maturity corresponding to the
highest level of eMICA. The study results showed that the majority of the websites were updated over
very long periods, had low interactive capacity, and lacked online user support and online purchasing
activities.

Daries et al. (2018) analysed the websites of 980 restaurant businesses in France, Italy, and
Spain with eMICA and Web Content Analysis (WCA). Less than 5% of the websites analysed were
developed in accordance with stage 3 of eMICA, while the vast majority of the sites had a maturity
level corresponding to layer 2 of stage 1 or layer 1 of stage 2 of eMICA. 10% of the establishments
did not have a website or had a completely static website, whereas less than 30% of the establishments
had a website developed for transactions through the website. These results indicated that most of the
websites had a low level of interactivity and were mostly used for informative purposes.

Assiri & Shamsudeen (2019) evaluated the websites of 42 5-star hotels in Saudi Arabia using
Advanced Content Analysis (ACA) and eMICA. The study results revealed that 5-star hotels in Saudi
Arabia had not yet fully utilized the potential of their websites as a marketing tool, with the majority
of the websites incorporating elements that express fundamental information, such as basic and rich
information.

Fernandez-Ucles et al. (2019) assessed 533 websites of organic farmers in Spain. In this study,
fuzzy-set Qualitative Comparative Analysis (fsQCA) and eMICA were used together. According to
the results of the study in terms of eMICA, it was found that the websites are quite inadequate in
terms of having the features of the other stages except the first stage of eMICA. It was observed that
the functionality of the evaluated websites cannot go beyond providing information about the
business.

In another study, Daries et al. (2020) analysed the websites of golf courses in Catalonia with
eMICA and WCA. In the study, they emphasized the importance of websites in informing visitors
and explaining the content to ensure tourist participation in sports organizations such as golf. The
results showed that Catalonian golf courses had a simple and static online appearance, and only 10%
of the sites evaluated had a website maturity at the highest stage of eMICA. They commented that
golf courses did not make adequate use of technological resources in website development and that
there were improvements that still needed to be implemented.

Cristobal-Fransi et al. (2020) assessed the websites of 104 agricultural food cooperatives of
olive oil, wine, and fruit producers in Catalonia, with content analysis and eMICA. The study revealed
that only 5.8% of the websites were able to fulfil the criteria for the third stage of eMICA, concluding
olive oil, fruit and wine cooperatives possessed an awareness of online presence but had not
transcended basic online visibility. These agricultural cooperatives were found to have deficiencies
in their online presence, particularly in terms of user interaction and consumer relations, and needed
further amendment.

Cristobal-Fransi et al. (2021) analysed 77 websites of public and private museums in Spain
using Web Content Analysis and the eMICA model. It was found that only 38% of the websites were

146



Uluslararas1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems
Bilimleri Dergisi, 2023, 7(2): 142-156 and Computer Science, 2023, 7(2): 142-156

able to reach a maturity at the highest level of development of eMICA, and that the websites of public
museums were more successful at all stages of eMICA compared to the websites of private museums.

Meslem & Abderrahim (2022) investigated luxury hotels in Algeria via eMICA and content
analysis, noting certain feature variations between hotels. They concluded that fundamental website
elements (such as basic information, marketing, and services) were well implemented, but high
interactivity features required improvement, with the full potential of the Internet not having been
fully utilized for luxury hotels.

Cristobal-Fransi et al. (2023) evaluated the websites of Spainish spas in the context of health
tourism. In addition to Content Analysis Technique, eMICA model was also used to evaluate the
websites. According to the results, while the websites have good success rates in the simple, rich
information and low, medium interaction layers of eMICA, they were found to be quite inadequate
in the high interaction and processing layers, which express a higher level of development. The results
obtained from over 106 different websites are similar to many other studies using the eMICA method.

4. METHODOLOGY
The study comprises 5 steps:

(1) eMICA model construction, (2) coding for web scraping, (3) data collection, (4) accuracy
check and (5) data analysis (Figure 2).

eMICA Model Coding for Web
Construction Scraping

Accuracy Check Data Collection
Data Analysis

Figure 2: Study flowchart

4.1. eMICA Model Construction

In the first step of the study, the eMICA model was constructed, and the criteria in the model
were adapted from Ting et al. (2013). In addition, 4 new criteria, namely COVID-19 notification,
telephone link, e-mail link and cookie consent option, were adapted to the eMICA model by the
authors, and the scale was updated to include a total of 37 criteria (Table 2).
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Table 2: The eMICA Model Used in the Study (Compiled by the authors, adapted from Ting et al. (2013))

Stages Layers Website Features

Layer 1: Basic Information Telephone, address, fax, e-mail
Stage 1: Promotion . i e . .
g About us, awards, privacy policy, COVID-19 notification, cookie

Layer 2: Rich Information :
policy

E-mail link, telephone link, rooms and suites, restaurants and
bars, activities and recreation information, meeting and
conference facilities, photo album/gallery, map information,
weather forecast, local time, press releases

Layer 1: Low Interactivity

Stage 2: Provision Membership system, frequently asked questions, special offers

Layer 2: Medium Interactivity and packages, sitemap, in-site search, cookie consent option

Video content, virtual tour, multi-language support, live support,

Layer 3: High Interactivity e-bulletin, link to social media accounts, link to Tripadvisor,
mobile application information

Online booking, secure online sales, best price guarantee,

Stage 3: Processing Layer 1: Processing technical capacity

4.2. Web Scraping and Data Collection

The study data were gathered from the websites of 260 3-5-star hotels registered at the Hotel
Association of Tiirkiye and certified by the Turkish Republic Ministry of Culture and Tourism on
November 1-8, 2022. The number of the 3-, 4- and 5-star hotels whose websites were evaluated were
51, 97 and 112, respectively.

In contrast to previous studies, data collection for each eMICA criterion was performed with
Python programming language and the web scraping library, Beautiful Soup. Beautiful Soup is a
Python library designed for extracting data from HTML and XML files. It collaborates with parsers
to offer intuitive methods for navigating, searching, and altering the parse tree, often saving
developers significant time (Richardson, 2023). In addition, the Selenium Webdriver library was used
to launch the browser with Python applications and the Multiprocessing library, which allows
multiple processes to run simultaneously using multiple processor cores. The data sets of each eMICA
stage obtained through the Python codes were first stored in JSON (JavaScript Object Notation) and
then converted to CSV (Comma Separated Values) for statistical analysis.

Considering the website features listed in Table 2, specific keywords belonging to each level
were crawled on the websites. For example, to obtain the basic information in Layer 1, keywords
such as "phone number,” "phone,” and "address,” as well as items such as "Contact” and "Get in
touch™ were searched on hotel websites in Turkish and English. As another example, to inquire room
information from the low interactivity section of Layer 1, the keywords "rooms,” "accommodation,"
and "stay" were searched on the websites in Turkish and English.

4.3. Accuracy Check and Data Analysis

In order to determine the accuracy of all eMICA items gathered by computer, not by
observation, 26 websites, constituting 10% of the total number of websites, were randomly selected;
each site was visited, and the items were identified and compared by a human. Following this
comparison, the data collected for each criterion with an accuracy rate of more than 80% were
analysed with the SPSS software. The analysis results were interpreted, the maturity levels of the
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hotel websites were examined, and the existence of statistically significant differences between
categories in criteria satisfaction rates was investigated.

Table 3 shows the accuracy rates of the data collected with web scraping. The results indicated
an accuracy rate greater than 80% for the data gathered with coding, except for the “Multi-Language”
criterion. Therefore, in the subsequent steps of the study, the “Multi-Language” criterion was
discarded, and data analysis was conducted with 36 criteria.

Table 3: Accuracy Rates of Data Collected by Web Scraping

eMICA Item Accuracy Rate (%) [eMICA Item Accuracy Rate (%)
Telephone 100 News in the Press 92.30
Address 96.15 Membership System 92.30
Fax 96.15 Frequently Asked Questions 100
E-mail 100 Special Offers and Packages 92.30
About Us 84.61 Sitemap 100
Awards 96.15 In-site Search 88.46
Privacy Policy 96.15 Cookie Consent Option 84.61
Covid-19 Notification 84.61 Video Content 96.15
Cookie Policy 92.30 Virtual Tour 92.30
E-mail Link 100 Multi-Language 65.38
Telephone Link 100 Live Support 92.30
Rooms and Suites 100 E-bulletin 84.61
Restaurants and Bars 100 Link to Social Media Accounts 96.15
Activity and Recreation Information 92.30 Link to Tripadvisor 92.30
Meeting and Conference Areas 100 Mobile Application Information 96.15
Photo Album/Gallery 96.15 Online Booking 88.46
Map Information 92.30 Secure Online Sales 100
Weather Forecast 80.76 Best Price Guarantee 96.15
Local Time 92.30

Cronbach’s Alpha, computed from the pairwise correlations of the results obtained from the 36
criteria to determine the internal reliability of the scale, was found to be 0.733, which indicated high
internal reliability for the eMICA model used in evaluation. Furthermore, a high coefficient signified
that the items in the scale were consistent with each other, and that the evaluation instrument
comprised items that measured the same criterion (Uzunsakal & Yildiz, 2018).

In the study, the data were analysed to determine whether hotel businesses categorized by star
rating had significant differences in website content levels. Table 4 shows the performance levels of
hotel businesses in different categories according to each eMICA stage and layer. The results
demonstrated that the websites of 5-star hotels had a higher performance at each stage of eMICA than
4-star hotels, and similarly 4-star hotels performed better than 3-star hotels.

A One-Way ANOVA test was conducted to determine whether this difference between hotel
categories was statistically significant. A one-way analysis of variance is a descriptive analysis
technique used to investigate the existence of a statistically significant difference between the means
of independent groups. As the ANOVA test can be applied to normally distributed data sets, we first
tested if the data was normally distributed.
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Table 5 presents the kurtosis and skewness coefficients from the normality test. Kurtosis and
skewness values between -1 and +1 indicate normally distributed data and thereby the suitability of
the data set for an ANOVA test. Figure 3 shows the histogram plot of the distribution of the data set,
which reveals that the number of sites with the most eMICA criteria is 1 with 29, and the number of
sites with the fewest eMICA criteria is 1 with 5.

Table 4: Hotel eMICA Performance by Category

Layers and Stages 3-Star Hotels (%0) 4-Star Hotels (%) 5-Star Hotels (%0)
Stage 1: Promotion 51.41 56.93 63.88
Layer 1: Basic Information 86.27 86.76 79.68
Layer 2: Rich Information 23.52 35.46 51.35
Stage 2: Provision 31.69 38.96 43.89
Layer 1: Low Interactivity 45.98 58.85 62.50
'I‘niiigft'imsd'“m 13.07 1958 24.70
Layer 3: High Interactivity 25.21 24.30 31.12
Stage 3: Processing 54.24 65.97 73.51
Overall Performance 38.50 45.70 51.36

Table 5: Normality Test Results

Statistics Standard Deviation
Skewness 0.128 0.151
Kurtosis -0.563 0.301
Histogram — Normal
0 Mean = 16.52

Stel. Dev. = 4 482
M =260

%]
=}

Frequency

SUM

Figure 3: Data Distribution
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A One-Way ANOVA test was performed after normality of distribution was confirmed. Table
6 reveals the ANOVA test results, which demonstrate a significant difference between hotel
categories with respect to the quantity of eMICA items (P < 0.05). Then, the Tukey test, a post-Hoc
test, was applied to the data set to identify the categories between which significant differences
existed, as well as the direction of these differences.

Table 6: One-Way ANOVA Test Results

Number of . Standard
Stars hotels Mean Min Max Deviation Frequency P value
3 51 13.86 7 23 3.633
4 97 16.45 5 25 4.095 22.387 0.000
5 112 18.49 9 29 4411
Total 260 16.82 5 29 4.482

Table 7 illustrates the results of the Tukey test, which indicates that the most successful hotel
category in terms of fulfilling the criteria in the eMICA model is 5-star hotels. The results showed
that 5-star hotels had a higher performance on the eMICA scale than 4- and 3- star hotels, and that 4-
star hotels performed better than 3-star hotels. Moreover, descriptive analysis results also support the
findings presented in Table 4.

Table 7: Tukey Test Results

Star (1) Star (J) Mean Difference (1-J) Standard Error Sig. (P)
4 -2.528* 0.708 0.001
’ 5 -4.335* 0.691 0.000
3 2.528* 0.708 0.001
* 5 -1.807* 0.567 0.005
3 4.335* 0.691 0.000
° 4 1.807* 0.567 0.005

* The mean difference is significant at the 0.05 level.

Lastly, the existence of a significant difference between hotel categories in satisfying each
eMICA criterion was investigated (Table 8). The analysis results yielded a statistically significant
difference in e-mail, awards, privacy policy, cookie policy, phone link, restaurants and bars, activity
and recreation information, meeting and conference areas, photo album/gallery, map information,
weather forecast, local time, special offers and packages, live support, e-bulletin, social media
accounts, mobile application information, secure online sales, and best price guarantee (P<0.05).
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Table 8: Chi-Square Test Results for eMICA Items

P Value
. 3-Star 4-Star 5-Star .
Stage Layer Website Features Hotels (%)  Hotels (%)  Hotels (%) (Chi-
Square)
Telephone 100 97.94 98.21 0.835**
Layer 1: Basic  Address 94.12 91.75 91.07 0.801*
Information Fax 54.90 53.61 46.43 0.471*
E-mail 96.08 91.75 83.04 0.026*
Stage 1: About Us 54.90 48.45 52.68 0.719*
Promotion
Awards 1.96 9.28 19.64 0.003*
Il_ayer ZRich  5ivacy Policy 37.25 65.98 92.86 0.000%
nformation
Covid-19 Notification 15.69 27.84 29.46 0.160*
Cookie Policy 7.84 25.77 61.61 0.000*
Email Link 62.75 74.23 68.75 0.341*
Phone Link 39.22 51.55 61.61 0.026*
Rooms and Suites 98.04 96.91 99.11 0.519**
Restaurants and Bars 41.18 82.47 96.43 0.000*
Activity and Recreation -
. Information 49.02 57.73 85.71 0.000
Layer 1: Low .
Interactivity Meeting and Conference Areas 23.53 75.26 93.75 0.000*
Photo Album/Gallery 82.35 78.35 62.50 0.008*
Map Information 90.20 74.23 66.07 0.005*
Weather Forecast 5.88 21.65 19.64 0.045*
Local Time 0.00 13.40 8.04 0.020*
News in the Press 13.73 21.65 25.89 0.219*
Stage 2: Membership System 7.84 13.40 21.43 0.063*
Provision .
Frequently Asked Questions 5.88 8.25 9.82 0.701*
k/lay(;r 2: Special Offers and Packages 17.65 31.96 40.18 0.017*
edium
In-site Search 11.76 16.49 2411 0.132*
Cookie Consent Option 25.49 23.71 33.93 0.230*
Video Content 27.45 29.9 33.04 0.753*
Virtual Tour 5.88 6.19 11.61 0.284*
Live Support 39.22 11.34 8.93 0.000*
Layer 3: High ¢ ) jetin 19.61 27.84 38.39 0.040%
Interactivity
Social Media Accounts 62.75 73.20 81.25 0.039*
Link to Tripadvisor 21.57 17.53 29.46 0.119*
Mobile Application Information 0.00 412 15.18 0.001*
Online Booking 94.12 93.81 85.71 0.085*
Stage 3: Processing Secure Online Sales 54.90 76.29 93.75 0.000*
Best Price Guarantee 13.73 27.84 41.07 0.002*

*Pearson Chi-Square test result
**Fisher’s Exact test result
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5. CONCLUSION AND DISCUSSION

This study evaluated the websites of hotel businesses registered with the Hotel Association of
Tiirkiye using the eMICA model. The data gathered with the model were then statistically analysed,
and evaluation was carried out based on the analysis results.

The study results showed the existence of statistically significant differences between various
category hotel websites in meeting eMICA criteria. The maturity level of 5-star hotel websites with
respect to the provision of content is higher than the other categories. The majority of the websites
evaluated had a high level of success in meeting the criteria in the first stage of eMICA, i.e., basic
information about hotel websites.

The high provision level of the online booking feature on all hotel websites indicated that the
hotels were inclined to make sales in the virtual environment. Almost all of the hotels offered the
rooms and suites feature, where visitors could learn about the hotel facilities. In addition, the
restaurant and bar, activity and entertainment information, and meeting and conference areas features,
which also inform visitors about the hotel's facilities, are provided at above-average rates by 4- and
5-star hotels.

The hotels had a high degree of success in presenting their social media accounts on their
websites, which enables ease of access for potential customers to information about the hotel from
many platforms and acquire up-to-date information about the establishment. However, the hotel
websites were found to be deficient in the provision of criteria such as membership system, virtual
tour, and mobile application, which can facilitate higher interaction with site visitors. Hotel
businesses should incorporate all possible features that can provide a greater visitor satisfaction and
a better user experience from the website. The researchers believe that adding more up-to-date
features to the website may have a positive effect on the purchasing decisions of potential customers.

The study results revealed that hotel businesses used their websites mostly to provide basic
information about the hotel. In short, hotels primarily used their websites as a promotional tool. This
may negatively affect the purchasing decisions of visitors who cannot experience an adequate degree
of satisfaction using the website. The results of our study are consistent with other studies in the
literature utilizing the eMICA method (Ates & Boz, 2015; Maksiidiinov, 2019; Ozkan & Ulama,
2018; Ting et al., 2013; Unal & Celen, 2018).

In order for hotel businesses to optimize customer satisfaction, ensure profitability, and remain
in business, they should incorporate up-to-date features on their web pages, share more
comprehensive information on the services offered by the hotel, constantly interact with visitors, and
maintain lively interactions with customers before and after sales.

The present study differs from other studies employing the eMICA model as a scale for website
evaluation as data collection in this study was conducted not through observation, but by using
algorithms developed with Python programming language for each criterion in the eMICA model.
Consequently, even in studies with large sample sizes, data collection can be performed more
expeditiously than by observation, and in studies where data collection is conducted by more than
one observer, evaluation variations can be prevented. It is evident that this study can benefit hotel
managers and website developers to increase customer satisfaction and profitability in the website
development process.

The researchers believe that a similar study conducted at another time with a different sample
may Yield disparate results. These factors also constitute the limitations of the study.

With its data collection method and improved eMICA model with 4 additional criteria, our study can
contribute to future studies that aim to analyze hotel websites. Furthermore, future research in the
field can implement data collection via adopting image processing techniques utilizing deep learning
algorithms, for each eMICA criterion.
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1. INTRODUCTION

The "text" in text mining is an information-filled writing portion. Any type of written work,
including novels, newspapers, blogs, etc., can be used as a text sample. There is a lot of text available
now, and it is expanding daily. Text mining uses a variety of methods and techniques, but its main
objective is to glean new and valuable knowledge from text documents. Computer programs are used
to analyze text, and then people review the findings. Information retrieval, statistics, artificial
intelligence, and other disciplines are all combined in text mining (Bilisoly, 2011).

A helpful technique for looking at the substance of a text or collection of texts is text mining.
The words in the texts form the foundation of several text mining techniques. Conceptually, text
mining. Understanding current ideologies and conceptions in relation to events, things, subjects,
feelings, and behaviors is aided by these concepts. (Song, 2008).

To evaluate if a text is positive negative, or neutral, the sentiment analysis looks at text
elements. Thus, it is possible to identify the eigen values in the text. It is possible to decipher meanings
that are intended for the aims but are not stated clearly in the text. Additionally, the text's emotional
roles might be examined (Cambria et al., 2017).

As the web forum has become an enormous collection of invaluable opinions and comments,
more and more researchers are strongly interested in this issue (Shi et al., 2009). This study, conducted
its research with Sentiment analysis and data obtained from a web forum. The drug group known as
‘cholinesterase inhibitors’ used in the treatment of Alzheimer's disease has been discussed.
Alzheimer's drugs were taken according to only generics. In this context, 78 users' subjective
comments on drugs have formed texts to be analyzed. The number of people reading these texts and
finding them useful is 3723. The RapidMiner Program (v9.1) ‘analyze sentiment’ module was used
for analysis. The results of the analysis, polarity values (positive, negative, and neutral), and the
number of useful comments were evaluated together. In this way, the drug scores were calculated and
the drugs were ranked.

Some Alzheimer's patients experience advanced forgetfulness. When drug reviews are
examined, user experiences in other diseases are obtained from drug users, while the comments of
Alzheimer's drugs also include the comments of patient relatives. In this respect, evaluating
Alzheimer's drugs differs from evaluating other drugs. The ranking of Alzheimer's drugs was chosen
for reasons such as symptom management, delaying symptom progression, improving quality of life,
supporting caretakers and improving patients' daily tasks.

2. LITERATURE REVIEW

Numerous scientific and commercial fields have benefited greatly from sentiment analysis. For
instance, user profiling, advertising, and discussion systems, as well as financial and political
predictions. Sentiment analysis has grown in popularity as a result of these investigations. Making
meaning of ideas or expressions from several media (texts, pictures, videos, audio files, etc.) is
exceedingly challenging. The properties of an open and covered, regular and irregular source
(linguistic, visual, or auditory) must be thoroughly understood (Dragoni et al., 2018). Some studies
conducted with the Sentiment analysis in the literature are as follows:

In the study conducted by Subrahmanian and Reforgiato (2008), adjectives, verbs, and envelope
components were used for Sentiment analysis. In the proposed approach, the power of emotions
between -1 and +1 was tried to be analyzed. There may be slight differences in the structure of the
sentence. But the effects are very important. This study is the first study to explain emotions with
adjectives, verbs, and envelope components (Subrahmanian, and Reforgiato, 2008).

In the study conducted by Shi, Sun, and Zhang (2009), Sentiment analysis was done for the
forums on the Web. The study focused on different ideas from Chinese Web forums. First of all, web
forum headings on the same topic are collected in a cluster. Next, a new classification algorithm
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called Probability word list was proposed rather than classification algorithms such as SVM (Support
Vector Machines) and Naive Bayes. In the study, it has been shown that the proposed algorithm gives
better performance (Shi et al., 2009).

Unnamalai (2012) conducted research on the Sentiment analysis of the products on the
websites. It is common practice to ask merchants who sell products on the Web to review products
and related services from their customers. The number of customer reviews of a product is increasing
rapidly because of the increase in e-commerce. In e-commerce, a popular product may have thousands
of reviews. In this study, unstructured texts were analyzed by Sentiment analysis (Unnamalai, 2012).

Cai and colleagues (2023) researched sentiment classification of MOOC (a social media) user
comments based on machine learning. They created experimental datasets by using artificial labeling
on the "Chinese University MOOC" platform as a case study. They analyzed their mistake situations,
compared the sentiment categorization of four conventional machine learning models, and offered a
model optimization strategy (Cai et al., 2023).

Flynn and colleagues (2021) analyzed comments on health-related social media posts,
particularly on the Alzheimer's and dementia subreddits, to better understand the user experience on
forums and possibly lead to improvements in their effectiveness. The study analyzed the linguistic
characteristics of the comments and identified themes of discussion (Flynn et al., 2021).

Saad et al. (2021) conducted a study to determine the efficacy of drugs under specific conditions
from user reviews in health web forums. In this study, a hybrid technique using both learning-based
and dictionary-based approaches is proposed to achieve better results, and sentiment analysis
techniques in the medical domain using general-purpose sentiment dictionaries such as AFFIN,
TextBlob and VADER to annotate reviews. TextBlob has shown promising results with high accuracy
when used with certain feature engineering techniques (Saad et al., 2021).

In the study by Ajibade et al. (2022), online drug reviews were analyzed with data mining
techniques. The study generally focused on analyzing user satisfaction, side effects and drug efficacy
in online drug reviews using sentiment analysis. With the obtained sentiment analysis results,
modelling was performed with Emzor and May & Baker. As a result of the study, the accuracy rate
of modelling with Emzor was 0.891, while the accuracy rate of modelling with May & Baker was
calculated as 0.869 (Ajibade et al., 2022).

In the study conducted by Rea and Parsons (2023), the readability, accessibility, quality, visual
design and content of online information on dementia medications were analyzed with a quantitative
evaluation. It was observed that the readability of the websites related to dementia medications was
poor and the quality of information and content varied among the evaluated websites. As a result, it
was found that the evaluated websites did not fully represent the health information available online
(Rea & Parsons, 2023).

Bae and Lee (2012) used Sentiment analysis to analyze the masses on Twitter. Three million
tweets from the popular users were analyzed. In the study, Twitter messages are a reflection of the
sensitivity of the platform's most well-liked users. Sentiment analysis was employed as a reliable
indicator or gauge of popularity. First, there is a differentiation between the favorable and unfavorable
popular user masses. Second, it was discovered that popular users emotionally touch the audience
through their tweets. Thirdly, using the data from the first two discoveries, a positive-negative
measure for this effect was created. The positive-negative sensitivity change in the time series of
viewers has been linked to popular users' real-world sensitivity opinions, according to a Granger
causality analysis. (Bae and Lee, 2012). On the other hand, in the literature, using the RapidMiner
program with Sentiment analysis, Arabic tweets (Duwairi et al., 2014), English tweets (Tripathi et
al., 2015), film reviews (Alsager and Sasi, 2017), hotel evaluations (Markopoulos et al., 2015), and
complaint detections (Tayel et al., 2013) were also conducted.
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4. MATERIAL AND METHOD
In this part of the study, text mining and Sentiment analysis are mentioned.
3.1. Text Mining

Text mining, a part of data mining with textual data, is a new technology. By text mining,
meaningful information can be extracted from unstructured text data. It is imperative to use computer
techniques to quickly extract useful information from a large number of textual documents. Text
mining’s aim is to find helpful information (models, patterns, etc.) from various unstructured text
data, such as (text files, emails, etc.). Text mining is used efficiently and systematically to get
information from texts. In health, business, and education text mining is successfully used by
researchers to analyze extensive text data. Witten, Don, Dewsnip, and Tablan have used text mining
in digital library documents to find metadata and mark documents (He et al., 2013).

Text mining is a different type of data mining that aims to find different patterns from large
databases (Hearst, 2003). The most of data stored are texts, so it is believed that text mining’s
commercial potential is greater than data mining. A recent study has shown that the ratio of text
documents in firms to total information is 80 percent. Text mining is more complex than data mining,
as it deals with more complex and natural data. Text mining is an area where multiple disciplines,
such as information retrieval, text analysis, clustering analysis, data mining, etc., are used (Tan,
1999).

3.2. Sentiment Analysis

Sentiment analysis is about analyzing people's opinions from a written text. It is one of the most
popular research areas in natural language processing. At the same time, it has been working
extensively in the fields of text mining, data mining, and web mining. Sentiment analysis is frequently
encountered in management sciences and social sciences, except computer science, because of its
importance as a whole for business and society. Sentiment analysis is encountered in different aspects
of social media such as Twitter, social networks, blogs, forums, comments, etc. (Liu, 2012).

Sentiment analysis helps to reveal positive or negative opinions. It conducts sentence-level
analysis with tasks such as answering multiple perspective questions and summarizing, extraction of
idea-oriented information, and text analysis. For example, if a system about asking questions and
wondering about answers contains people's opinions, the sentiment analysis needs to be able to fully
identify the expressions of positive and negative emotions (Wilson, 2005).

The polarity of the given text is first calculated at the sentence level. The words in a sentence
are encoded in the order of the sentence. With the help of the association lexicon, it is defined as +1
for positive terms, -1 for negative, and 0 for neutral words which are not defined in the lexicon. The
word values are weighted according to negators, amplifiers de-amplifiers, and contrasting words. In
this way, the polarity of words is better measured by emphasizing or decreasing. The aim is to
calculate the polarity more accurately by using different words. The polarity value of the text is
calculated using the equations (1), and (2) given below (Balbi et al., 2018).

The polarity value of a sentence is calculated by equality (1).

D
J *
L=y "Wy

Dsij = NT

p; means the word count of a sentence, and r,;ijk means each weighted term score.

(1)

After calculating the polarity of each sentence, the document score of review (ry;) will be
calculated by its sentence polarities. A down-weighted zeros average is used, where neutral sentiment
has minor weight.
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g means the number of sentences with negative or positive semantic orientation. The aim of
giving less impact to neutral sentences is that they have less emotional impact. After calculating all
r4; of documents they will normalized and brought into a [0,1] range, where the maximum negativity
is represented by 0 and the maximum positivity is represented by 1.

4. APPLICATION

The application of the study was evaluated by following the flow chart in Figure 1. The
evaluation was carried out using the open source Rapidminer application.

Collecting data
from website

Figure 1. Flowchart for the Evaluation of Alzheimer's Drugs

Figure 1 shows the input-output flowchart of the algorithm for the evaluation of Alzheimer's
drugs. In this direction, the data were taken from the website and cleaned from unnecessary content
(preposition, conjunction, emoiji, etc.). Then, drug reviews were analyzed with the sentiment module.
Finally, the drugs were ranked with the module outputs.

4.1. RapidMiner

RapidMiner, stands as the pre-eminent open source framework for the extraction of
information. This framework can be accessed as an autonomous tool for comprehensive data analysis,
or as an engine for data mining, seamlessly integrated into its own suite of products. RapidMiner
operates on a client/server model, with the server component offered through cloud infrastructures as
software as a service. The capabilities of RapidMiner encompass an array of data mining and machine
learning procedures, which include data loading and transformation, data preprocessing and
visualization, as well as predictive analytics and statistical modeling. Furthermore, RapidMiner is
constructed using the Java programming language. To facilitate the design and execution of analytical
workflows, RapidMiner equips users with a graphical user interface. These workflows, known as
“Processes” within the RapidMiner framework, consist of a series of interconnected “Operators”.
Each Operator undertakes a specific task within the process, with the output of one Operator serving
as the input for the next. Alternatively, the engine of RapidMiner can be invoked from other software
applications or utilized as an application programming interface. Moreover, individual functions can
be accessed through the command line interface. To supplement its existing repertoire, RapidMiner
offers additional learning schemes, models, and algorithms from Python, Weka, and R scripts, which
can be accessed through extensions (RapidMiner, 2023).

RapidMiner also offers the following features: Open source and autonomy from operating
systems. Fascinating possibilities for plotting in high dimensions, combined with the concept of a
multi-layered data view, contribute to the efficiency of data processing. It covers the functionalities
of the WEKA data mining tool. It accesses information from databases such as Excel, Access, Oracle,
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IBM Db2, Microsoft SQL, Sybase and so on. It helps to establish operator chains for complex tasks
(Gupta and Malhotra, 2015).

RapidMiner version 10.1, equipped with the Analyze sentiment feature, which includes the
Aylien text analysis and Text processing extensions, was employed for the execution of the study.
This software encompasses a variety of operators that are applicable to diverse types of data,
including textual documents. It encompasses two distinct perspectives, namely "design™ and "result".
In the design perspective, users have the capability to visually construct a model by means of dragging
and dropping operators onto the workspace and connecting them. Moreover, it provides users with
the ability to execute their own code utilizing a specific extension. On the other hand, the result
perspective offers advanced approaches to examine outcomes through the utilization of graphs and
statistical tables containing pertinent information. Furthermore, RapidMiner is among the collection
of big data analysis tools that are accessible (Alsager and Sasi, 2017). Predefined operations within
the module are readily available in the application's operators. Consequently, the application
employed in the study can be analyzed without necessitating the composition of code, in contrast to
coding environments such as Python and R. The sentiment analysis module that was employed in the
study is presented in Figure 2.

Alzheimer Reviews

¥ F

Ii] exa I exa D
{] con on D
con D

Figure 2. Example of Analyze Sentiment Module

Figure 2 shows the "Analyse sentiment” module for the evaluation of Alzheimer comments.
Comments are uploaded as input to the module and analyzed by a word-based algorithm according
to the weights of predetermined words. The results are defined as polarity (positive, negative and
neutral).

4.2. Drug Comments Sentiment Analysis

In this section, four generic groups of Alzheimer's drugs were evaluated by Sentiment analysis.
Generics groups are coded as Drugl, Drug2, Drug3 and Drug4. The drug reviews were accessed on
15.05.2023 by Drugs (Drug, 2023). The Drugs site was referred to as Global ‘the most popular, most
comprehensive and up-to-date drug information source online’ in the Healthcare Global
(Healtcareglobal, 2023). The site is ranked fourth among the most popular websites in the field of
health. It is also mentioned that Drugs, an independent portal on the same site, provides information
and data on 24,000 prescription medicines, including both professional health workers and
consumers. In addition, on Similarweb, which gives information about web traffic, the Drugs website
ranks 2060 globally and ranks 586 in the United States. Also, in the Health> Pharmacy category
Drugs website is the second most popular website in the USA (Similarweb, 2023).
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Text analysis was performed with the “analyze sentiment” operator using the RapidMiner
package program. An example comment of Drug3 from Drugs is given in Table I. There are 160
different drug reviews at Drugs. These drug reviews may be found helpful by others. These 160
comments have a total of 1183 different useful opinions. The total number of useful finds (uf) for 160
drugs allows us to evaluate the opinions of 11183 people, although there are 160 comments.

Table 1. Alzheimer's Disease Drug Review
N Drug Name Review uf
"Besides nausea this has improved my mothers life 500 percent.
140 Drug4 Overall improvement wonderful." 16

In Table 1, the sample drug comment for Drug4 and the number of useful findings (uf) ‘16’ is
given. The number of useful finds shows how many users find this comment useful. Drug names (Dn)
are numerically encoded (mc) and the results of the analysis of the data and also the measure of the
severity of the polarity (p+ and p-), drug codes (mc), and the number of useful finds (uf) are also
shown in Table 2.

Table 2. Sentiment Analysis Results
N Dn mc  polarity p- pt+t uf N Dn mc  polarity p- pt uf N Dn

3
o

polarity p- p+ Uf

1 Drug2 2 negative 35 0 228 55 Drug2z 2 positive 03 24 102 109 Drug3 positive 0 04 62

2 Drug2 2 positive 28 5 384 56 Drug2z 2 negative 58 56 66 110  Drug3 positive 11 0 22

3 Drug2 2 negative 05 0 313 57 Drug2z 2 positive 07 11 93 111 Drug3 positive 0 08 7
4 Drug2 2 positive 0 1,3 285 58 Drug2 2 positive 08 1 101 112  Drug3 positive 0 04 12
5 Drug2 2 negative 1 0,7 127 59 Drug2 2 positive 03 18 81 113 Drug3 positive 0 0 0

Drug2 2 negative 28 05 119 60 Drug2z 2 negative 09 05 158 114 Drug4 positive 21 39 79

7 Drug2 2 positive 02 15 212 61 Drug2z 2 positive 0 1,7 137 115 Drugd positive 31 29 71
8 Drug2 2 positive 11 23 146 62 Drug2 2 positive 06 15 52 116  Drug4 positive 03 07 51
9 Drug2 2 negative 34 34 19 63 Drug2 2 negative 36 0 80 117  Drug4 positive 21 25 37
10 Drug2 2 positive 05 19 160 64 Drug2z 2 negative 23 18 41 118 Drug4 positive 12 03 41
11  Drug2 2 positive 09 22 71 65 Drug2 2 positive 06 15 75 119  Drug4 positive 19 0 19
12 Drug2 2 positive 03 3 66 66 Drug2 2 positive 0 2,7 51 120 Drug4 positive 09 0 35
13 Drug2 2 positive 02 05 185 67 Drug2 2 positive 29 34 55 121  Drug4 positive 04 02 23
14 Drug2 2 positive 11 21 160 68 Drug2 2 positive 15 2 42 122 Drug4 positive 0 04 35
15  Drug2 2 positive 03 24 102 69 Drug2 2 negative 24 0 58 123  Drug4 positive 0 32 12
16 Drug2 2 positive 07 11 93 70 Drug2 2 negative 06 05 9% 124  Drug4 positive 16 08 20
17  Drug2 2 positive 08 1 101 71 Drug2 2 positive 06 09 41 125  Drug4 positive 03 06 14
18 Drug2 2 positive 03 18 81 72 Drug2 2 negative 16 06 45 126  Drug4 positive 37 39 13
19 Drug2 2 negative 09 05 158 73 Drug2 2 negative 2 11 62 127  Drug4 positive 32 3 15
20 Drug2 2 positive 0 1,7 137 74 Drug2 2 negative 18 0 32 128  Drug4 positive 08 15 10
21 Drug2 2 positive 06 15 52 75 Drug2 2 negative 23 08 5 129  Drug4 positive 46 21 5
22  Drug2 2 positive 0 2,7 51 76 Drug2 2 negative 36 05 30 130 Drug4 positive 09 03 8
23 Drug2 2 negative 06 05 94 7 Drug2 2 negative 22 12 26 131  Drug4 positive 03 16 2
24  Drug2 2 positive 06 09 41 78 Drug2 2 negative 26 09 30 132  Drug4 positive 26 0 14
25 Drug2 2 negative 23 08 5 79 Drug2 2 negative 58 15 3 133 Drug4 positive 06 11 1
26  Drug2 2 negative 58 15 3 80 Drug2 2 negative 07 04 29 134  Drug4 positive 29 17 0
27  Drug2 2 positive 05 09 161 81 Drug2 2 negative 34 05 3 135 Drug4 positive 11 1 102
28 Drug2 2 positive 04 07 147 82 Drug2 2 positive 0 13 23 136 Drug4 positive 05 05 63
29 Drug2 2 positive 0 0,4 50 83 Drug2 2 negative 1,3 05 16 137  Drug4 positive 1 0 29
30 Drug2 2 positive 04 07 73 84 Drug2 2 negative 18 14 17 138  Drug4 positive 0 0 46
31 Drug2 2 negative 1 0 74 85 Drug2 2 positive 03 36 1 139  Drug4 positive 15 0 16
32 Drug2 2 neutral 0 0 55 86 Drug2 2 negative 19 0 3 140 Drug4 positive 0 1,7 16

33 Drug2 2 positive 0 16 3 87 Drug2 2 negative 13 08 1 141  Drug4 positive 07 03 8

A~ b B B B A BB BB B B A E A DO W W

34  Drug2 2 positive 09 14 232 88 Drug2 2 positive 04 2 0 142 Drug4 positive 0 15 1
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35 Drug2 2 negative 35 0 229 89 Drug4 positive 21 39 79 143 Drugd 4 positive 0 01 1

36 Drug2 2 positive 28 5 384 90 Drug4 negative 31 29 71 144 Drug2 2 positive 09 01 40
37 Drug2 2 negative 22 06 97 91 Drug4 positive 03 07 51 145  Drug2 2 positive 05 03 72
38 Drug2 2 positive 1 22 122 92 Drug4 positive 21 25 37 146 Drugl 1 positive 11 11 21
39 Drug2 2 negative 05 0 313 93 Drug4 negative 12 03 41 147 Drugl 1 positive 09 17 11
40 Drug2 2 positive 0 1,3 285 94 Drug4 negative 09 O 35 148 Drugl 1 positive 0 21 10
41  Drug2 2 negative 1 0,7 127 95 Drug4 negative 04 02 23 149 Drugl 1 positive 1,1 11 3
42  Drug2 2 negative 28 05 119 96 Drug4 positive 0 04 35 150 Drugl 1 positive 07 0 21
43 Drug2 2 positive 08 21 134 97 Drug4 negative 11 1 102 151 Drugl 1 positive 0 09 4
44 Drug2 2 positive 02 15 212 98 Drug4 negative 05 05 63 152 Drugl 1 positive 11 11 21
45 Drug2 2 positive 11 23 146 99 Drug4 negative 1 0 29 153 Drugl 1 positive 09 17 11
46 Drug2 2 positive 18 36 93 100 Drug4 neutral 0 0 46 154 Drugl 1 positive 0 21 10
47 Drug2 2 negative 34 34 19 101 Drug3 positive 0 19 26 155 Drugl 1 positive 1,1 11 3
48 Drug2 2 positive 05 19 160 102 Drug3 positive 03 29 20 156 Drugl 1 positive 07 0 21
49 Drug2 2 positive 03 25 52 103 Drug3 positive 0 14 31 157 Drugl 1 positive 0 09 4
50 Drug2 2 positive 09 22 71 104 Drug3 positive 0 23 26 158 Drugl 1 positive 1 0 0
51 Drug2 2 positive 03 3 66 105 Drug3 positive 09 23 12 159 Drug3 3 positive 0 04 62
52  Drug2 2 positive 02 05 185 106 Drug3 positive 08 08 9 160 Drugd3 3 positive 11 0 22

53 Drug2 2 positive 1,1 21 160 107 Drug3 positive 03 12 5

W W W W W W w w s, DB

54 Drug2 2 negative 29 04 41 108 Drug3 positive 02 05 6

Table 2 shows the textual contradictions (positive, negative and neutral) of the polarity values
for the 160 drug reviews. The Table also shows the numerical values generated from textual
expressions. Numerical transformation was performed as follows: p+ and p- were used to quantify
the polarity of the drug.

4.3. Ranking Drugs

The user values for the drugs to be calculated and used in the sequence are expressed as V;. The

number n represents the number of comments, and m represents the count of drug types in the data
set. With the numerical values obtained by the Sentiment analysis, V; is calculated as follows. For the

drug coded as j; the total calculated values of the drug TW;, in the data set are divided by the total
number of drugs (T'C;) for each drug.

This calculation is shown by Equation (3).

_ v

V= ©)

TW; value is calculated with Equation (4) using p*, p~, uf, and mc;.

_gn_{ufix (o ++xpp x=1)mE =]
v, Zl:l{ 0 ,yme; # J’
i=1,2,....,n,j=1,2,...,m 4
TC;value is calculated with Equation (5) using mc;.
1, me;=j . .
. = n ’ t = =
TC 121{0, me; ;t].,l 1,2,...,n,j=1,2,....m (5)
Table 3. Drug Rankings
Drug Name TW; TC; V; Ranking
Drugl 38 13 2,923 3
Drug?2 3342 90 37,133 1
Drug3 238 15 15,866 2
Drug4 78,92 42 1,879 4
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Table 3 shows that when the drugs are ranked according to the calculated
V;, the drugs are from the highest to the lowest as follows “Drug2”, “Drug3”, “Drugl” and “Drug4”.

According to Table 3, it is seen that Drug?2 is the most used drug according to the number of
comments and the number of user comments found useful. It can be inferred from this that this drug
IS given to patients more by healthcare professionals. At the same time, it means that the drug that is
found to be the most useful drug with comments is given most frequently by doctors. This can be said
that healthcare professionals choose the right drug in patient treatment. Table 3 also shows that
according to user experience, Drug2 is the most useful drug in Alzheimer's disease. This table reflects
the opinions of users or relatives of users as opposed to the opinions of health professionals. When
using medication for any disease, the advice of professional healthcare professionals should be
followed. However, the results of this table are useful for healthcare professionals to have an idea of
the users' experiences in advance.

5. CONCLUSION

Nowadays, it is very important in terms of both time and cost to produce meaningful results
from many texts, such as business reports, comments on social media, and printed documents. Text
mining is used in many areas, such as health, communication, astronomy, and production.

In this study, reviews of Alzheimer's drugs were evaluated with Sentiment analysis, and the
drugs were ranked. Although the number of comments made for each drug was different, a total of
160 reviews and 11183 helpful comments were analyzed in the study including the number of useful
comments in the analysis means adding more people to the data set. The polarity (positive, negative,
and neutral) values of the reviews were calculated with the Sentiment analysis. Total values were
obtained by multiplying the number of useful comments by these values. Average values were
obtained by dividing the total values by the number of drugs, and the drugs were ranked.

Considering that most of the information is stored as a text document, it increases the
importance of text mining. In many other studies, as in this study, text mining can be used to
determine whether textual information is meaningful in a short time. It may also help to decide the
decision-making units according to the positive, negative, and neutral status of the text. The examined
texts can be separated and/or classified according to the polarity value.

Sentiment analysis can be used to rank other drugs such as Alzheimer's drugs. The study may
provide guidance for patients and their relatives who will be using the drug for the first time or who
are not satisfied with the medication used. This study can also be found useful in terms of evaluating
patient opinions from pharmaceutical companies. Many products can be evaluated similarly, such as
the evaluation of other drugs by this method.

Since the comments received in the study on Alzheimer's drugs did not include demographic
data, no evaluation was made. In future studies, patient data to be collected from a different website
or hospitals and analyses on demographic factors can be made and compared with this study.

Medication reviews can be combined with the opinions of healthcare professionals to make
more accurate decisions. In order to make similar drug evaluations, healthcare professionals can
further expand their drug evaluations by adding categorical data according to patient age, gender or
presence of other diseases. In this way, data and text mining techniques can be used to make more
accurate decisions.
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