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Abstract. Education is a field that is affected by technological development and requires rapid
adaptation. Metaverse is one of these technologies and it is predicted that it will take its place widely
in the world of the future, including education in research. However, it is seen that there are few
studies on metaverse and the studies are generally analysed using statistical methods. From this point
of view, the aim of this study was to predict the metaverse knowledge levels of pre-service
mathematics teachers by using Adaptive Neuro-Fuzzy Inference System (ANFIS) and to create models.
The use of fuzzy logic has spread to the field of education with the development of science and
technology. ANFIS combines neural network research and fuzzy logic to utilise the relevant capabilities.
Considering this important advantage, ANFIS model was established to predict the metaverse
knowledge levels of pre-service teachers. The research was conducted with the participation of 192
pre-service teachers. Personal information form and metaverse scale were used as data collection
tools. As a result of the study, the scores of the pre-service teachers obtained from the metaverse scale
were found to be at a moderate level and the real and artificial scores of the pre-service teachers'
metaverse knowledge levels were found to be quite close to each other.

Keywords: Metaverse, Education, Prospective Mathematics Teachers, Artificial intelligence, ANFIS

Oz. Egitim alani teknolojik gelismeden etkilenen ve hizla uyum saglama gerektiren bir alandir.
Metaverse de bu teknolojilerden biridir ve arastirmalarda egitim de dahil olmak Uzere, gelecegin
diinyasinda yaygin sekilde yerini alacagli 6ngorilmektedir. Ancak metaverse Uzerine yapilan
calismalarin az oldugu ve yapilan gcalismalarin da genellikle istatistiksel yontemler kullanilarak analiz
edildigi gortlmektedir. Buradan hareketle calismada, Uyarlanabilir Noro-Bulanik Cikarim Sistemi
(ANFIS) kullanarak matematik 6gretmen adaylarinin metaverse bilgi diizeylerini tahmin etmek ve
modeller olusturmak amaglanmistir. Bulanik mantik kullanimi bilim ve teknolojinin gelismesi ile egitim
alanina da yayilmistir. ANFIS ile sinir agi arastirmasi ve bulanik mantigi birlestirerek ilgili yeteneklerden
yararlanilir. Bu 6nemli avantaj géz 6ninde bulundurularak 6gretmen adaylarinin metaverse bilgi
diizeylerini tahmin etmek igin ANFIS modeli kurulmustur. Arastirma 192 6gretmen adayinin katilimi ile
gerceklesmistir. Arastirmada veri toplama araci olarak kisisel bilgi formu ve metaverse o6lcegi
kullanilmistir. Calisma sonucunda, 6gretmen adaylarinin metaverse 6lceginden elde edilen puanlari
orta diizeyde ¢ikmis ve 6gretmen adaylarinin metaverse bilgi diizeylerinin gergek ve yapay puanlari
birbirine oldukga yakin olarak tespit edilmistir.

Anahtar Kelimeler: Metaverse, Matematik 6gretmen adaylari, Yapay zekaa, ANFIS
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Genisletilmis Ozet

Giris. Metaverse terimi 1992’de Stephenson’un Snow Crash romaninda ilk kez kullaniimistir.
Arastirmacilar 2000 lerin baslarinda beri terimi kullanmaya baslamislardir ama gergek anlamda ilgi
cekici hale gelmesi 2020 lerin baslarinda Mark Zuckerberg’in metaverse projesini ortaya atmasiyla
olmustur (Devy, 2022). Facebook’'un metaverse teknolojisini duyurmasinin ardindan bu duyuru yeni
bir heves yaratmis ve ilk ylksekégretim metaverse uygulamalari ortaya ¢ikmistir (Slabeva, 2022).
Bircok arastirma alaniyla birlikte egitim alaninda da metaversin potansiyel kullanimi, olasi olumlu,
olumsuz yanlari gibi konularda gesitli calismalar glindeme gelmeye baslamistir.

Metaverse ve egitim icerikli ¢galismalar gittikge yayginlasiyor olmakla beraber, terim oldukga
yenidir ve metaverse lzerine yapilan egitim arastirmalarin artmasi gerekmektedir. Clinkl metaverse,
bugiiniin en bliyik potansiyele sahip teknolojilerinden biri olabilir ve gelecegin sosyal baglantilarini
sekillendirebilir. Blylik veri, yapay zeka, blok zinciri ve diger dijital teknolojileri entegre eden
metaverse, bireylere acik ve kapsayici bir 6grenme alani ve 6gretim alani sunabilir, yeni bir egitim ve
ogretim reformunu tetikleyebilir (Wu & Gao, 2022). Metaverse’in egitimin gelisiminde roll olacagi
ongorulebilir olmakla birlikte, egitimdeki metaverse yapilari henliz yeterince olgun degildir ve
metaverse'in egitim amaclari icin kullanimi henliz yeteri kadar tartisiimamaktadir. Metaverse'in
egitimdeki kullanimiyla ilgili cevaplanmasi gereken bircok soru bulunmaktadir (Lin, 2022). Birgok
egitimci, metaverse'in 6zelliklerinden ve bu yeni gelisen teknolojinin potansiyel uygulamalarindan
haberdar olmayabilir (Hwang & Chien, 2022). Tirkiye'nin gelecekte sanal ve dijital teknolojilere dayall
egitime adaptasyonu i¢in 6gretmen adaylarinin metaverse gibi yeni nesil internet teknolojileri ile
tanistiriimasi  gerekmektedir (Akpinar et al.,, 2022). Cinkii metaverse egitim hedefleri icin
kullanildiginda o6grencilerin birbirleri ile 6gretmenleri ve cevresi ile etkilesime girmesi daha kolay
olacaktir (Al-Adwan vd., 2023). Ayrica, metaverse konusunda yapilan g¢alismalarin henliz oldukga
yetersiz oldugu ve yapilmis olan ¢alismalarin ¢ogunlugunun analizlerinin istatistiksel yontemler
kullanilarak yapildigi gériilmektedir. Tim bu sonuglar ¢alismanin 6nemini ortaya koymaktadir.
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Yontem. Calisma arastiriimak istenen problemin var olan durumunu ortaya koymaya yonelik oldugu
icin nicel arastirma yontemlerinden betimsel arastirma yontemiyle gergeklestirilmistir. Calismada
matematik 6gretmen adaylarinin metaverse bilgi diizeyleri yapay zeka tabanli model ile tahmin
edilmistir. ANFIS modeli olusturulurken 6gretmen adaylarinin giinliik teknolojiyi kullanma siiresi ve
bilgisayari kullanma vyeterliligi girdi fonksiyonu, metaverse bilgi dizeyi cikti fonksiyonu olarak
belirlenmistir. Calisma 2022-2023 egitim 6gretim yilinda 192 6grencinin katilimi ile gerceklesmistir.
Calismada veri toplama araci olarak kisisel bilgi formu ve Metaverse 6lcegi kullaniimistir. Matematik
ogretmen adaylarinin metaverse bilgi dizeylerinin ANFIS yaklasimi ile analizinde bulanik sistem
MATLAB R2021b Fuzzy Logic Toolbox kullaniimistir. SPSS 20.0 programi kullanilarak matematik
o6gretmen adaylarinin metaverse bilgi dizeylerinin gercek ve yapay zeka puanlari eslestirilmis
orneklemler t testi ile sinanmis ve gercek ve yapay zeka puanlari arasindaki iliskiyi belirlemek igin
korelasyon yapilmistir.

Bulgular. Veriler, MATLAB bulanik sistem kullanilarak modellenmistir. Ogretmen adaylarinin giinliik
teknolojiyi kullanma siresi ve bilgisayari kullanma yeterliligi girdi parametreleri, metaverse bilgi diizeyi
ise cikti parametresi olarak aktarilmistir. Modelin girdi parametreleri 6gretmen adaylarinin glinlik
teknolojiyi kullanma siiresi; kabul edilebilir, cok, cok fazla, asiri, bilgisayari kullanma yeterliligi; yetersiz,
Filiz, A. & Morali, H. S. (2024). Analysis of metaverse knowledge levels of prospective mathematics: ANFIS
approach. Bati Anadolu Egitim Bilimleri Dergisi, 15(2), 1695-1714.
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orta, yeterli, gelismis ve cikti parametresi; disiik, orta, yiksek seklinde olusmaktadir. Ogretmen
adaylarinin metaverse O6lceginden almis olduklari puanlar 33 ile 75 araliginda degismekte olup
ortalamanin 50.91 oldugu goériilmektedir. Ogretmen adaylarinin metaverse bilgi diizeyleri orta
seviyededir (33-47 dislik, 48-61 orta, 62-75 yiiksek). Gergek puanlar tahmin edilen ANFIS puanlariile
benzerlik gostermektedir ve ANFIS modelinin matematik 6gretmen adaylari metaverse puaniyla tutarl
sonuglar 6ngdérmektedir. Matematik 6gretmen adaylarinin gergek ve ANFIS ile tahmin edilen puanlari
arasinda istatistiksel agidan anlaml ve disik bir korelasyona sahip oldugu ortaya ¢ikmistir.

Tartisma ve Sonug. Calismanin ilk arastirma probleminde, glinlik teknolojiyi kullanma siiresi ve
bilgisayari kullanma vyeterliligi degiskenleri kullanilarak ANFIS modeli ile 6gretmen adaylarinin
metaverse bilgi dlizeyleri puanlari elde edilmistir. Bu puanlar; 33-47 araliginda disiik, 48-61 araliginda
orta, 62-75 araliginda ise yiiksek olarak ifade edilmistir. Ogretmen adaylarinin metaverse bilgi diizeyleri
noro-bulanik ¢ikarim sistemi yaklasimi ile degerlendirilmistir. Bu yaklasim ile modelin girdi ve g¢ikti
degiskenlerine bagli olarak bulanik kural kiimesi olusturulmus ve egri altinda kalan alanin merkezini
alan defuzzification yaklasimi centroid yontemi ile dogru degerlere ulasiimistir. 1000 dongli sayisi
olusturularak kesin tahmin bulgulari elde edilmistir. Ogretmen adaylarinin metaverse bilgi diizeyi
puanlari bu islemlerden sonra yapay olarak elde edilmistir. Literatiirde metaverse ile ilgili yapilmis olan
calismalarda istatistiksel yontemler kullanilarak analizler yapilmistir. Yapay zeka yontemleri
kullanilarak yapilmis ¢alismalara rastlanilmamaktadir. Bu calisma hem 6gretmen adaylarin cesitli
egitsel Ozelliklerini degerlendirip ortaya ¢ikarmak hem de nérobilimsel yaklasimlarin egitimde
kullanilmasina rehberlik etmesi agisindan 6nemli bir 6rnek teskil etmektedir. Calismanin ikinci
arastirma probleminde carpici sonuglar ortaya g¢ikmistir. Betimsel istatistik sonuglari, 6gretmen
adaylarinin metaverse Olceginden elde edilen puanlarinin orta diizeyde ¢iktigini gostermektedir.
Alanyazinda yapilan galismalarda benzer sonuglar ile karsilasilmaktadir. Ipsos (2022)'un 29 lkeyi
kapsayan anket ¢calismasinda metaverse hakkinda bilgi sahibi olan kisilerin %52 oraninda oldugunu
bulmustur. 2022 Haziran ayinda Amerika Birlesik Devletleri’nde yapilan bir ¢evrimici arastirmada Z
kusaginin metaverse hakkinda bilgi diizeyinin diger kusaklara gore daha fazla oldugu tespit edilmistir.
Talan ve Kalinkara (2022) yaptiklari arastirmada da Bilgisayar Muhendisligi Bolimii’nde okuyan
Universite 6grencilerinin %70,6’sinin metaverse kullanmadigini tespit etmistir. Buradan ogrencilerin
metaverse konusunda yeterli bilgi sahibi olmadiklari, uygulamayi ¢ok iyi bilmedikleri ve deneyimlerinin
yetersiz oldugu séylenebilir. Dolayisiyla metaverse uygulamasinin heniiz yaygin olarak kullanilmamasi
6grenme Ogretme ortamlarinda etkinligi konusunda yeteri kadar arastirma bulunmamasi bunun
onemli bir nedenidir. Calismada matematik 6gretmen adaylarinin metaverse bilgi dlizeylerinin gercek
puanlari ile ANFIS yaklasimiyla olusturulan yapay zeka puanlari arasinda karsilastirma yapilmistir.
Ogretmen adaylarinin metaverse bilgi diizeyleri gercek ve yapay puanlari birbirine oldukga yakin olarak
tespit edilmistir. ANFIS yaklasimi ile tahmin edilen metaverse bilgi diizeyi puanlari ile 6lcekten elde
edilen metaverse bilgi diizeyi puanlari arasinda istatistiksel olarak anlamli bir fark yoktur. Olgekten elde
edilen puanlar ile ANFIS yaklasimi ile olusturulan yapay zeka puanlari arasinda anlamli ve dusik bir
korelasyon vardir. Bu sonuglar, ANFIS yaklasiminin 6gretmen adaylarinin metaverse bilgi dlizeylerini
tahmin etmek icin kullanilabilecek uygun bir alternatif bir yontem oldugunu ortaya koymaktadir.
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Introduction

The term metaverse was first used in 1992 in Stephenson's novel Snow Crash. Researchers
have been using the term since the early 2000s, but it really became interesting in the early 2020s
when Mark Zuckerberg introduced the metaverse project (Devy, 2022). After Facebook announced the
Metaverse technology, this announcement created a new enthusiasm and the first higher education
Metaverse applications emerged (Slabeva, 2022). Along with many research areas, various studies on
the potential use of metaverse in the field of education, its possible positive and negative aspects have
started to come to the agenda.
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With the expansion of the metaverse in the field of education, new possibilities for combining
the virtual world with physical classrooms, collaborative, co-operative and problem-based learning can
be created (Araya & Avila, 2018). Venugopal et al. (2023) asserts that the use of metaverse technology
to transform the learning process can result in a truly successful learning environment by allowing
students to "live" a particular experience and improving the visual component of the educational
process. This is in contrast to traditional classroom education, where students absorb knowledge more
intensively and of higher quality. In addition, Sebastian (2022) found that increased awareness of the
metaverse can lead to a better understanding of its potential and reduced concerns about its adoption.
Research demonstrates that virtual and digital technologies have the ability to revolutionize traditional
education (Dickey, 2005; Sheehy, Ferguson & Clough, 2007).

The bibliographic study of Tlili et al. (2022) on metaverse in education presents interesting
results. Some of these include the fact that the USA is the leading country in academic studies, about
42% of the studies use mixed methods, 53% of the studies are in the fields of mathematics, natural
sciences and engineering, and 63% of the studies were conducted at the higher education level (Tlili et
al., 2022). Although metaverse and educational studies are becoming more and more widespread, the
term is quite new and educational research on metaverse needs to increase. Because one of the
technologies that has the most promise right now could be the Metaverse, which has the ability to
influence how people interact in the future. Big data, Al, blockchain, and other digital technologies can
all be integrated into the Metaverse to provide people with an inclusive, open learning environment.
This might lead to a new wave of education and training reform (Wu & Gao, 2022). While it is
foreseeable that the Metaverse will have a role in the development of education, Metaverse in
education are not yet mature enough and the use of the Metaverse for educational purposes is not
yet sufficiently discussed. There are many questions to be answered about the use of the metaverse
in education (Lin et al., 2022). It's possible that many educators are unaware of the metaverse's
features and the possible uses for this cutting-edge technology (Hwang & Chien, 2022). For Turkey's
adaptation to virtual and digital technologies-based education in the future, preservice teachers
should be introduced with new generation internet technologies such as metaverse (Akpinar et al.,
2022). When the metaverse is used for educational goals, it will be easier for students to interact with
each other, their teachers and the environment (Al-Adwan et al., 2023). In addition, it is seen that the
studies on Metaverse are still quite insufficient and the analyses of the majority of the studies have
been conducted using statistical methods. All these results reveal the importance of the study.

Filiz, A. & Morali, H. S. (2024). Analysis of metaverse knowledge levels of prospective mathematics: ANFIS
approach. Bati Anadolu Egitim Bilimleri Dergisi, 15(2), 1695-1714.
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Literature review
Studies examining the level of metaverse knowledge according to various variables

According to the results obtained by Savas et al. using statistical methods on the metaverse
knowledge level scale with physical education teacher candidates, it is seen that the knowledge level
of male teacher candidates is higher. In the same study, it was reported that there was no statistically
significant difference in the metaverse knowledge levels of the participants related their daily internet
usage status, but those with higher internet usage skills had higher metaverse knowledge levels (Savas
et al., 2022). In a study conducted by Statista (2022c), it was determined that 14% of adults in the
United States had very good knowledge of the metaverse, 24% had some knowledge, 31% had heard
of the concept of metaverse but did not know what it was, and 31% had never heard of the term
metaverse before. In the survey conducted by Ipsos (2022) covering 29 countries, it was found that 52
per cent of those who have information about the metaverse are 52 per cent and more men than
women (59 per cent) answered yes (Ipsos, 2022). Talan and Kalinkara (2022), in their research on a
sample of 34 second-year students studying in the Computer Engineering Department of a state
university, found that the majority of students (70.6%) had not used Metaverse before (Talan &
Kalinkara, 2022). In their study on 157 physical education teachers to determine the level of metaverse
knowledge, Turan et al. concluded that those who heard the term metaverse in the general metaverse
knowledge level were higher than those who did not, and those in the age group of 37 years and over
were at a higher level than those in the 27-31 age group (Turan, et al., 2023). Aburbeian et al. (2022)
stated that in their research, they found that participants at younger ages (less than 20 years old) were
more interested in the Metaverse than other age groups (Aburbeian et al., 2022). Statista evaluated
the results of the research conducted in Singapore in February 2022 and announced that similarly, they
found that the metaverse knowledge level of younger participants (between the ages of 18-35) was
found to be higher, while the level of knowledge decreased towards older ages (Statista, 2022a). In an
online survey conducted in the United States in June 2022, it was found that Generation Z had more
knowledge about the metaverse than any other generation (Statista, 2022b). In a another study,
participants who used the Internet for four hours a day had a greater understanding of what the
metaverse meant than those who used it for one hour (Akpinar et al., 2022). According to Akpinar's
conclusion, this circumstance is most likely caused by people's knowledge with and interest in modern
technologies—the Internet (Akpinar et al., 2022). Ozdemir stated that the finding of a weak positive
correlation between the participants' daily average social media use and the average score of the
technology sub-dimension could be associated with the students' following the developments in the
metadata through social media (Ozdemir et al., 2022).

Neuro-fuzzy systems (ANFIS)

Artificial intelligence methods can be used as an alternative method to reduce research cost,
minimise information processing time and predict the performance of complex systems. One of the
widely used algorithms in artificial intelligence methods is ANFIS (Wiangkham & Vongvit, 2023).
Adaptive Neuro Fuzzy Inference System (ANFIS) is an artificial neural network method developed by
Jang in the early 1990s (Ytcel, 2010). The advantages of artificial neural networks are combined with
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fuzzy logic in the hybrid analytical method known as ANFIS (Mehdi & Nachouki, 2022). ANFIS has the
ability to update itself by using input and output functions due to its network structure (Tas, 2022).

ANFIS gives perfect results by determining the most appropriate functions with the least error
rate (Ylcel, 2010). It works with the least error rate because it is multi-layered. There are five layers in
ANFIS method. In layer 1, which is also called the defuzzification layer, the number of networks and
the number of input variables are equal. In the 2nd layer, rules are generated and each network
corresponds to these rules and number generated by ANFIS. In layer 3, the normalisation layer, each
network sees the networks from layer 2 as input values and represents the firing power of each rule.
In layer 4, which is the clarification layer, the parameters are also called result parameters. The last
layer is layer 5, which is the collection layer. With a single network, the sum of the outputs of all rules
is calculated. The output value of each network is summed and the real value is reached (Cemil, 2015).

Classical performance assessment is used as an evaluation method in education systems
(Gokmen et al., 2010). In this system, students' performances such as achievement and attitude are
evaluated based on test results. However, while evaluating the characteristics of students, evaluating
only by looking at the test results brings some limitations. Fuzzy logic, which is not a classical
performance evaluation, provides effective results to overcome these limitations. The use of fuzzy logic
model provides flexibility in evaluation methods (Gokmen et al., 2010). With the development of
science and technology, the use of fuzzy logic has spread to wide areas (Arslan & Zirhlioglu, 2021). One
of these areas is the field of education (Namh & Senkal, 2018). ANFIS combines neural network
research and fuzzy logic to utilise the relevant capabilities (Gokmen et al., 2010). Considering this
important advantage, ANFIS model was established to predict the metaverse knowledge levels of pre-
service teachers.

This study

The field of education is a field that is affected by technological development and requires
rapid adaptation. Many issues such as meeting the demands of children born in the age of technology,
keeping up with the contemporary world, making education programmes compatible with new
technologies, informing and training teachers, providing the necessary technical infrastructure and
equipment have entered the world of education and require rapid study. Metaverse is one of these
technologies and research is predicted to take its place widely in the world of the future, including
education. However, it is seen that there are few studies on metaverse and the studies that have been
conducted are generally analysed using statistical methods. According to this perspective, the study's
objectives are to develop models and use the Adaptive Neuro-Fuzzy Inference System (ANFIS) to
anticipate pre-service math instructors' levels of metaverse knowledge. The study aimed to provide
answers to the following questions:

1. Is it possible to predict the metaverse knowledge levels of pre-service mathematics teachers with
ANFIS approach?

2. Does the artificial intelligence score produced by the ANFIS approach differ from the real scores of
pre-service math instructors' metaverse knowledge levels?

Filiz, A. & Morali, H. S. (2024). Analysis of metaverse knowledge levels of prospective mathematics: ANFIS
approach. Bati Anadolu Egitim Bilimleri Dergisi, 15(2), 1695-1714.
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Methodology

Research model

Since the study aimed to reveal the existing situation of the problem to be investigated, it was
carried out with descriptive research method, one of the quantitative research methods. Descriptive
research is a research model that tries to reveal the event, individual or object that is the subject of
the research with its existing situation (Gay & Airasian, 2000). In the study, the metaverse knowledge
levels of pre-service mathematics teachers were estimated with an artificial intelligence-based model.
While constructing the ANFIS model, daily technology usage time and computer usage proficiency of
pre-service mathematics teachers were determined as input functions and metaverse knowledge level
was determined as output function.

Sample of the study

The participants of the study were selected using convenience sampling method among the
students of Primary Mathematics Teacher Education at Biruni University in Istanbul and the students
of Secondary Mathematics and Primary Mathematics Teacher Education at Dokuz Eylil University in
Izmir. The study was carried out in 2022-2023 academic year with the participation of a total of 192
students, 144 students of Primary Mathematics teaching and 48 students of Secondary Mathematics
teaching. 76 of these students are studying at a foundation university and 116 of them are studying at
a state university.

Data collection tools
The characteristics of the data collection tools used in the study are given below.
Personal information form

In the personal information form, there are questions about gender, grade level, department,
university type, daily technology usage time, technological development follow-up, taking technology
course at university, computer usage competence and playing games in digital environment. In the
study, the appropriate data for fuzzy logic are the duration of daily technology use and computer usage
proficiency of pre-service teachers. Other variables are not suitable for fuzzy logic because it is not
possible to blur them due to their nature.

Metaverse Scale

The Metaverse scale was developed by Siileymanogullari et al. (2022) to determine the
knowledge levels and awareness of students studying at various levels at a state university. The scale
consists of 15 items. The data were analyzed using confirmatory and explanatory factor analyses. The
scale consists of four sub-dimensions: technology (7 items) digitalisation (3 items), social (2 items) and
lifestyle (3 items). The scale is a Likert-type five-point scale. The response options for the items are 1
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(strongly disagree) 2 (disagree) 3 (undecided) 4 (agree) 5 (strongly agree). The total scale's Cronbach's
o value was determined to be 0.813, while the values for each element were 0.805, 0.732, 0.705, and
0.713, respectively. The entire scale has a minimum score of 15 and a maximum score of 75. To
ascertain the students' levels of metaverse understanding, these scores were divided into three
groups. The range of 33-47 points corresponds to low knowledge level, the range of 48-61 points
corresponds to medium knowledge level, and the range of 62-75 points corresponds to high
knowledge level.

Data analyses

Fuzzy system MATLAB R2021b Fuzzy Logic Toolbox was used to analyse the metaverse
knowledge levels of pre-service mathematics teachers with ANFIS approach. The input variables of the
model created with ANFIS approach are daily technology usage time and computer usage competence.
The output variable is the level of metaverse knowledge. The rule base was created by defining the
cluster intervals, membership levels and membership functions of the input and output variables.
Fuzzy inference system (FIS) was trained using the optimisation technique for the best performance of
the ANFIS model. Then, artificial metaverse scores of pre-service teachers were created. The artificial
scores obtained are given in Appendix 1 together with the real scores.

In the second research question, using SPSS 20.0 programme, the real and artificial intelligence
scores of pre-service mathematics teachers' metaverse knowledge levels were tested with paired
sample t test and correlation was performed to determine the relationship between real and artificial
intelligence scores.

Findings
Prediction of metaverse knowledge levels of prospective mathematics teachers with ANFIS model

The data were modelled using MATLAB fuzzy system. Pre-service teachers' daily technology
usage time and computer usage competence were used as input parameters, and metadiscourse
knowledge level was used as output parameter. In the input parameter of the model, pre-service
teachers' daily technology usage time and computer usage competence consist of four membership
functions and in the output parameter, pre-service teachers' metadiscourse knowledge level consists
of three membership functions. Input and output parameters were created with the data obtained in
line with the answers given by pre-service teachers to the metaverse scale (Table 1).

Tablo 1.
Fuzzy variable sets
Input variable fuzzy sets Fuzzy sets of output variables
Usage time Proficiency level Metaverse knowledge leve
Acceptable insufficient Low
Much Medium Medium
Too much Sufficient High
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Figure 2. Rule viewer of the ANFIS

Figure 1 shows the adaptive neuro-fuzzy based model that was created for the study, and
Figure 2 shows one of the outcomes that came from this neuro-fuzzy model. Membership functions
are defined according to the input and output parameters of the model. The defined membership
functions are shown in Figure 3. The input parameters of the model are defined in Table 1 as
acceptable, much, too much, excessive, computer usage proficiency as insufficient, medium, sufficient,
advanced and output parameters as low, medium, high. Estimation was made by creating a number of
1000 cycles. Among the 192 datasets, 134 (or 70%) were utilized to train the model, and the remaining
58 (30%) were used to test it. Figure 4 displays the ANFIS model's structure.
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Comparison of metaverse knowledge levels of prospective mathematics teachers in actual and
model prediction

It was investigated if there was a statistically significant difference between the artificial scores
predicted by ANFIS techniques and the real scores computed based on the pre-service math
instructors' responses to the metaverse scale. Table 2 displays the descriptive statistics results for the
artificial intelligence and real scores.
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Table 2.
Descriptive statistics results for real scores and artificial intelligence scores
Metaverse N Min Max X SD
knowledge
level scores
Real scores 192 33.0 75.0 50.91 6.91
Artificial scores 192 455 57.0 50.90 2.84

Paired examples The difference between the real and artificial scores that ANFIS predicted was
calculated using the t-test (Table 3). The scores of the pre-service teachers from the metaverse scale
ranged between 33 and 75 and the mean score was 50.91. Pre-service teachers' metaverse knowledge
levels are at medium level (33-47 low, 48-61 medium, 62-75 high). The artificial scores of the
metaverse knowledge level created with the ANFIS model vary between 45.5 and 57.0 and the mean
is 50.90. Similarly, the artificial scores of the pre-service teachers' metaverse knowledge levels created
with the ANFIS model are at medium level (33-47 low, 48-61 medium, 62-75 high). It is seen in Table 2
that the real and artificial scores of pre-service teachers' metaverse knowledge level are very close to
each other. Furthermore, upon examination of the standard deviations, it is observed that the scale
scores' standard deviation is greater than the ANFIS model scores' standard deviation.

The Paired Samples t-test was used to compare the real and artificial ratings of pre-service
teachers' metaverse knowledge levels (Table 3).

Table 3.
Paired Samples t-test actual and ANFIS model predicted scores
Metaverse N Mean SD df t p
knowledge level
scores
Real scores 192 50.91 6.91 191 .022 .982
Artificial score 192 50.90 2.84

The actual scores from the metaverse scale and the scores derived using the ANFIS technique
do not differ statistically significantly, as shown by the analytical results in Table 3 [t(191)=.022; p>.05].
This finding indicates that there is no discernible difference between the actual and ANFIS-predicted
metaverse scale scores. In other words, the actual scores are similar to the predicted ANFIS scores and
the ANFIS model predicts consistent results with pre-service mathematics teachers' metaverse scores.

A correlation was made between the actual and ANFIS predicted scores of pre-service
mathematics teachers' metaverse knowledge levels (Table 4). The correlation coefficient was assessed
as low in the range of 0.00-0.30, medium in the range of 0.30-0.70, and high in the range of 0.70-1.00
during correlation interpretation.

Table 4.
Paired Samples correlations actual and ANFIS model estimated scores
N Correalation Sig.
Real and Aritificial score 192 .248 .001
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Table 4 shows that there is a statistically significant and low correlation between the actual
and ANFIS predicted scores of pre-service mathematics teachers (r=.248; p<.05).

Discussion, Conclusion and Recommendations

The study aims to predict the metaverse knowledge levels of pre-service mathematics teachers
by creating an ANFIS model. In order to develop the input and output variables of the ANFIS model,
real data were acquired from the responses provided by pre-service mathematics teachers on the
metaverse scale and the personal information form. Pre-service teachers' degrees of metaverse
knowledge were assessed based on their daily technology usage time and computer proficiency. The
ANFIS model of the research was estimated according to the inputs of daily technology usage time and
computer usage proficiency and the output of metaverse knowledge level scores. The similarity
between pre-service teachers' metaverse real scores and artificial intelligence scores generated by
ANFIS approach was analysed by statistical tests.

In the first research problem of the study, the scores of metaverse knowledge levels of pre-
service teachers were obtained with the ANFIS model by using the variables of daily technology usage
time and computer usage competence. These scores were expressed as low in the range of 33-47,
medium in the range of 48-61, and high in the range of 62-75. The neuro-fuzzy inference system
approach was used to assess pre-service teachers' metaverse knowledge levels. With this approach, a
fuzzy rule set was created depending on the input and output variables of the model and the correct
values were reached with the centroid method of the defuzzification approach that takes the centre
of the area under the curve. The number of 1000 cycles was created and exact prediction findings were
obtained. The metaverse knowledge level scores of pre-service teachers were obtained artificially after
these procedures. In the studies on metaverse in the literature, analyses were made using statistical
methods. There are no studies using artificial intelligence methods. This study constitutes an important
example in terms of both evaluating and revealing various educational characteristics of pre-service
teachers and guiding the use of neuroscientific approaches in education.

Remarkable findings surfaced in the study's second research problem. The metaverse scale
scores of pre-service teachers are at a medium level, according to the findings of descriptive statistics.
Similar results are encountered in the studies conducted in the literature. In the survey study of Ipsos
(2022) covering 29 countries, it was found that the rate of people who had knowledge about the
metaverse was 52%. In an online study conducted in the United States in June 2022, it was determined
that the level of knowledge of Generation Z about the metaverse is higher than other generations.
Mundy et al. (2019) applied a questionnaire on augmented reality to special education and
instructional technology teachers and stated that teachers perceived themselves as intermediate or
advanced in augmented reality. Uygur et al. (2018) stated that 51% of pre-service teachers had
knowledge about augmented reality applications in their study with pre-service teachers. Savas et al.
(2022) examined the metaverse knowledge levels of prospective physical education and sports
teachers in terms of various variables and concluded that the metaverse knowledge levels of
prospective teachers with high internet usage skills were also high. Therefore, it can be said that
metaverse knowledge level is closely related to the competence of using technology. In contrast to
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these results, in a study conducted by Statista (2022c), it was determined that 14% of adults living in
the United States as of January 2022 had very good metaverse levels, 24% had some knowledge, 31%
had heard the term metaverse but could not define what it was, and 31% had never heard the term
metaverse. In their study, Talan and Kalinkara (2022) found that 70.6% of university students studying
in the Department of Computer Engineering did not use metaverse. From this point of view, it can be
said that students do not have sufficient knowledge about metaverse, they do not know the
application very well and their experience is insufficient. Therefore, the fact that the metaverse
application is not yet widely used and there is not enough research on its effectiveness in learning and
teaching environments is an important reason for this.

The real scores of pre-service math instructors' metaverse knowledge levels were compared
to the artificial intelligence scores produced using the ANFIS approach in this studylt was discovered
that there was little difference between the real and artificial metaverse knowledge level ratings of
pre-service math teachers. The metaverse knowledge level scores derived from the scale and the
metaverse knowledge level scores computed using the ANFIS technique do not differ statistically
significantly. Between the scale results and the artificial intelligence scores produced by the ANFIS
method, there is a strong yet weak association. These results reveal that the ANFIS approach is a
suitable alternative method that can be used to estimate the metaverse knowledge levels of pre-
service teachers.

In the study, the metaverse knowledge levels of pre-service teachers were analysed using
artificial intelligence techniques. Considering the fact that artificial intelligence applications are rarely
used in educational environments and the efforts to integrate them into the education system, the
importance of the study emerges.

Limitations and recommendations

There are some limitations in the study. The sample of the study consists of pre-service
mathematics teachers studying in two universities in Turkey. In future studies, the metaverse
knowledge levels of teachers or secondary and high school students can be investigated. In the study,
the metaverse knowledge levels of pre-service teachers were analysed with the ANFIS model
approach. Since a causal inference cannot be made, more precise results can be obtained by adding
longitudinal studies. As input variables of the ANFIS model, daily technology usage time and computer
usage competence were used. The model can be created by using alternative variables instead of these
variables. Since there are few academic studies on fuzzy logic and artificial intelligence methods in
educational environments, their number can be increased.
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Appendix
Student Real Scores Artificial Scores
S1 46 50
S2 57 55
S3 52 49
S4 55 55
Sayfa | 1709 ss5 58 55
S6 58 49
s7 45 46
S8 48 46
S9 57 49
s10 66 55
s11 45 55
512 49 49
S13 66 50
S14 63 52
S15 59 55
S16 56 52
S17 45 52
S18 57 50
S19 57 47
S20 60 49
521 45 49
522 43 46
523 47 46
S24 45 46
S25 46 47
526 51 48
527 43 48
S28 51 49
S29 50 49
S30 60 55
S31 59 52
S32 58 52
$33 45 49
S34 45 55
S35 55 55
S36 50 50
S37 52 49
S38 45 52
S39 51 49
540 51 49
S41 53 49
S42 51 50
S43 43 55
S44 50 48
S45 46 50
S46 55 49
S47 51 52
S48 51 47
549 62 55
S50 59 52
S51 53 55
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52 42 49
53 53 55
S54 49 49
S55 52 55
S56 60 55
S57 45 50

Sayfa | 1710 s58 46 50
S59 51 49
S60 65 55
S61 40 53
$62 50 53
S63 51 50
S64 35 50
S65 54 49
S66 50 50
S67 45 46
S68 63 52
S69 38 52
S70 51 49
s71 58 55
s72 45 52
S73 51 49
S74 49 55
S75 46 49
S76 55 52
577 46 46
S78 52 55
S79 56 55
580 45 53
S81 46 49
582 45 49
583 47 49
584 43 47
585 45 46
586 48 46
587 49 53
588 60 50
589 52 49
S90 57 55
591 45 52
592 47 55
593 42 49
594 44 49
S95 58 53
S96 75 53
597 48 49
598 53 52
599 45 49
5100 61 52
5101 50 49
5102 55 52
5103 51 50
5104 47 52
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5105 56 57
5106 42 49
5107 52 52
5108 53 52
5109 45 49
5110 56 52

Sayfa | 1711 s111 59 55
5112 58 57
5113 53 50
5114 53 49
5115 56 55
5116 45 50
5117 48 49
5118 49 52
5119 55 50
5120 45 49
5121 61 49
5122 45 55
5123 44 49
5124 34 52
5125 57 52
5126 60 55
5127 54 52
5128 52 50
5129 45 50
5130 38 47
5131 45 49
5132 56 55
5133 45 50
5134 47 49
5135 63 49
5136 37 55
5137 53 46
5138 33 53
5139 55 50
5140 57 50
5141 45 52
5142 53 52
5143 58 52
5144 45 52
5145 54 55
5146 56 50
5147 58 47
5148 59 46
5149 51 55
5150 46 55
5151 36 50
5152 58 49
5153 45 49
5154 56 55
5155 55 52
5156 35 46
5157 54 49
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5158 50 55
5159 49 57
5160 50 52
s161 56 49
5162 55 50
5163 46 55

Sayfa | 1712 sie4 43 49
5165 55 53
5166 56 49
5167 50 48
5168 49 49
5169 45 49
5170 51 55
5171 50 52
5172 53 49
5173 46 55
5174 46 50
5175 45 52
5176 59 49
5177 47 49
5178 45 46
5179 45 50
5180 52 52
5181 52 52
5182 49 47
5183 60 52
5184 56 46
5185 44 47
5186 75 49
5187 45 50
5188 45 55
5189 61 55
5190 44 49
5191 55 46
5192 55 52
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