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ABSTRACT: This study aims to investigate the influence of problem-based quantum learning on
cooperative learning, self-efficacy beliefs, and metacognitive thinking skills among pre-service teachers
and their views on it. In this research, an experimental research method was used. The participants were
2nd-year students in a state university's English Language Teaching program in Turkey.The data were
collected by Student Letters, Teachers’ Sense of Efficacy Scale, Metacognitive Thinking Skills Scale,
and Attitude Scale for Cooperative Learning. The t-test from parametric tests and the Wilcoxon signed-
rank test from non-parametric tests were used for the study of quantitative data. The content analysis
method was used for the analysis of qualitative data. According to the data obtained from the research,
it was concluded that the problem-based quantum learning model positively affected the attitudes of pre-
service teachers towards cooperative learning and group work, their self-efficacy perceptions, problem-
solving, thinking, research, and decision-making skills. Also, it was concluded that this model was
effective in learning the content of the course, learning the information, and increasing the desire to
learn, their attitudes towards the model changed, and the model was effective and fun.

Keywords: Online education, Face to face education, Problem-based learning, Quantum learning,
Problem-based quantum learning

0Z: Bu calismanin amaci; uzaktan egitimde problem temelli kuantum 6grenme modelinin 6gretmen
adaylarinin isbirlikli 6grenme, 6z yeterlilik inanglar1 ve iist bilissel diisiinme becerilerine etkisini ve
Ogretmen adaylarinin modele iliskin goriiglerini belirlemektir. Bu arastirmada deneysel arastirma
yontemi kullanilmistir. Katilimeilar, Tiirkiye'de bir devlet {iniversitesinde 2. smifta okuyan Ingilizce
Ogretmenligi programi grencileridir. Veriler Ogrenci Mektuplari, Ogretmenlerin Yeterlik Duygusu
Olgegi, Bilisiistii Diisiinme Becerileri Olgegi ve Isbirlikli Ogrenmeye Yonelik Tutum Olgegi ile
toplanmustir. Parametrik testlerden t testi ve non-parametrik testlerden ise wilcoxon isaretli siralar testi
nicel verilerin analizinde; icerik analizi yontemi ise nitel verilerin analizinde kullanilmustir.
Aragtirmadan elde edilen verilere gore problem temelli kuantum O6grenme modelinin Ogretmen
adaylarinin igbirlikli 6grenmeye ve grup calismalarina iliskin tutumlarimi, Ozyeterlilik algilarini,
problem ¢6zme, diigiinme, arastirma yapma ve karar verme becerilerini olumlu etkiledigi sonucuna
ulagtlmistir. Bir biitiin olarak modele bakildiginda bu modelinin dersin igerigi ile bilgilerin
Ogrenilmesinde ve 6grenme isteklerinin artmasinda etkili oldugu ve modele iliskin tutumlarinin degistigi
ve modelin etkili ve eglenceli oldugu sonucuna ulagilmistir.
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GENISLETILMIS OZET

Literatiir taramasi

Problem ¢6zme becerisinin bireyler i¢in 6nemi, kuantum 6grenme modelinin uygulanmasinda baslangi¢
ve stirecle ilgili belirsizlik olmast ve bu durumunda belirli bir program uygulanmasin1 zorlastirmasi
(Puk, 2003) ve kuantum 6grenme modelinin Yalgintag (2019) tarafindan problem ¢6zme, Tschannen-
Moran ve Hoy (2001) ve Afacan ve Giirel (2019) tarafindan ise ozyeterlilik gibi yasam becerilerini
ogrencilere kazandirmada etkili olamayabilecegini ve bu sebeple bu becerilerin kazandirilabilmesi i¢in
bir modele ihtiya¢ duyduklarini ifade etmeleri gbz 6niine alinarak bu ¢alismada kuantum 6grenme ile
baglantili, bu modelin yasam becerileri arasinda sayilan problem ¢6zme, 6z yeterlilik, diisiinme
becerileri gibi becerileri kazandirilmasini hedefleyen bir model gelistirilmistir. Bu ¢calisma kapsaminda
gelistirilen modelde probleme dayali 6grenme yonteminin basamaklari ile kuantum 6grenme dongiisii
birlestirilmis ve bu problem temelli kuantum 6grenme modeli ismi verilmistir. Bu baglamda bu
calismanin amaci; uzaktan egitimde problem temelli kuantum 6grenme modelinin 6gretmen adaylariin
isbirlikli 6grenme, 6z yeterlilik inanglar1 ve iist biligsel diislinme becerilerine etkisini ve dgretmen
adaylarinin modele iliskin goriislerini belirlemektir. Bu amagcla asagidaki problemlere cevap aranmustir:

v' Ogretmen adaylarinin isbirlikli 6grenmeye yonelik tutumlari, dzyeterlilik inanglari ve iistbilissel
diisiinme becerileri ders dncesi ve ders sonrasinda anlamli farklilik gostermekte midir?

v Uzaktan egitimde problem temelli kuantum 6grenme modeline iliskin dgretmen adaylarinin
gorisleri nelerdir?

v Problem temelli kuantum 6grenme modelinde yapilan etkinliklere iliskin dgrenci goriisleri
nelerdir?

v Problem temelli kuantum 6grenme modelinin uygulanma siirecine iliskin 6gretmen adaylarinin
gortsleri nelerdir?

Yontem

Bu arastirmada deneysel arastirma yontemi kullanilmistir. Katilimcilar, Tiirkiye'de bir devlet
{iniversitesinde 2. sinifta okuyan Ingilizce Ogretmenligi programi dgrencileridir. Veriler Ogrenci
Mektuplari, Ogretmenlerin Yeterlik Duygusu Olgegi, Bilisiistii Diisiinme Becerileri Olgegi ve Isbirlikli
Ogrenmeye Yonelik Tutum Olgegi ile toplanmistir. Parametrik testlerden t testi ve non-parametrik
testlerden ise wilcoxon isaretli siralar testi nicel verilerin analizinde; igerik analizi yontemi ise nitel
verilerin analizinde kullanilmustir.

Bulgular ve tartisma

Uygulanan modelin 6gretmen adaylarinin igbirlikli 6grenmeye yonelik tutumlarinda etkili olmadig
sOylenebilir. Mektuplardan elde edilen veriler bu durumun sebebi olarak diistiniilmektedir. mektuplarda
Ogretmen adaylarinin bir kisminin grup caligmalarin1 sevmedigi ve grup calismalarma iligkin
onyargilarmin oldugu goriilmiistiir. Ogretmen adaylar1 grup ¢alismasinin mesakatli bir is oldugunu ve
igbirlikli caligsma aligkanliklarinin olmadigini ifade etmislerdir.

Mektuplardan elde edilen veriler incelendiginde 6gretmen adaylarmin 6gretmenlik meslegine iligkin
kazandiklar1 baz1 yeterliliklere iliskin goriislerinin “Ogretim siirecini diizenlemeyi 6grendi”, “Fakli
yontem ve teknik kullanmay1 grendi”, “Ogrenci merkezli egitimi uygulamay1 6grendi”, “Aktif katilimi
saglamay1 6grendi”, “Ogretmenlik meslegine bakis1 degisti”, “Mesleki gelisim i¢in yeni kararlar ald1”
olmak {izere alt1 kategori altinda toplandig1 goriilmiistiir.

Ogretmen adaylarimin ders sonrasi elde ettikleri kazanimlara iliskin goriiglerinin “bilgi”, “beceri”,
“tutum” ve “deger” olmak tizere dort kategori altinda toplandig1 goriilmiistiir.

Mektuplardan elde edilen verilere gore dgretmen adaylarinin problem temelli kuantum 6grenme
modelininin yapisina iliskin goriislerinin “Ogrenci merkezli bir model”, “Problem durumlari $grenmeyi
olumlu etkiledi”, “Disiplinlerarasi iligki kurulmasi &grenmeyi olumlu etkiledi”, “Modelin yapisi
bilgilerin kalici/dersin verimli olmasini sagladi”, “Rapor hazirlamaya dair farkli goriisler” ve “Portfolya
degerlendirme ve haftalik doniit verilmesi daha etkili” olmak {izere bes kategori altinda toplandig
goriilmistiir.
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Mektuplardan elde edilen verilere gore ogretmen adaylarimin problem temelli kuantum Ogrenme
modelinin uygulanma siirecine iliskin goriislerinin “D&nem basindaki olumsuz goriisler donem sonunda
degisti”, “Is yiikii ile ilgili farkli gériisler var”, “Uygulama siirecinde bir takim sikintilar yasadi” olmak
iizere li¢ kategori altinda toplandig1 goriilmiistiir.

Sonug ve oneriler

Problem temelli kuantum 6grenme modelinin 6gretmen adaylarinin igbirlikli 6grenmeye ve grup
caligmalarina iligkin tutumlarina etkisi oldugu sonucuna ulagilmistir. Grup ¢aligmalar1 esnasinda zaman
ayarlama, internet ve teknolojik cihaz erisimi, grup iiyelerinin sorumluluklarini yerine getirmemeleri
gibi problemler yasanabildigi sonucuna ulagilmastir.

Problem temelli kuantum 6grenme modelinin uygulanmas: sonucunda arastirma verilerine gore
Ogretmen adaylarmin 6gretmen 6zyeterlilik algilarinin olumlu yonde degistigi sonucuna ulasilmistir.
aktif katilimin1 saglama ve 6gretim ortamini diizenleme becerilerinin gelistigi goriilmiistiir. Arastirma
bulgularina gore problem temelli kuantum 6grenme modelinin 6gretmen adaylarinin problem ¢6zme,
diisiinme, arastirma yapma ve karar verme becerilerini olumlu etkiledigi sonucuna ulagilmgtir.

Problem temelli kuantum 6grenme modelinin bilgi ve beceri kazaniminda etkili olmasinin yaninda
Ogretmen adaylarinda olumlu yonde tutum degisikligine de neden oldugu sonucuna ulasilmistir. Ders
sonrasi elde edilen kazanimlar incelendiginde 6gretmen adaylarinin 6grenme isteginin arttigi, 6grenci
merkezli egitimin Onemini farkettikleri, grup calismasinin ve Ogrencilerin derse aktif katiliminin
onemini kavradiklar1 goriilmiistiir.

Aragtirma bulgularma gore bu ¢aligma kapsaminda gelistirilen problem temelli kuantum 6grenme
modelinin 6grenci merkezli, 6grenme sorumlugunu 6grenciye veren ve etkili 6grenme saglayan bir
model oldugu ve 6gretmenin roliiniin rehber oldugu sonucuna ulasilmistir. Modelin gelistirilmesinde de
bu anlayisin benimsenmis oldugu diisiiniildiigiinde arastirma sonuglarinin modelin gelistirilme
felsefesini dogruladigi goriilmektedir.

Bu arastirma kapsaminda gelistirilip cesitli etkileri incelenen problem temelli kuantum Ogrenme
modelinin asagidaki bazi problemleri ortadan kaldirdig1 goriilmiistiir: 6grencilerin probleme dayal
6grenme modelinin uygulandigi siniflarda gorevlerini yerine getirecek yeterli zaman bulamamasi,
dgrenme siirecinde gorevlerin fazla olmasi, (Yuan et al., 2011; Unal ve Cakir; 2021), dgrencilerin
bazilarimin gérevleri hig yerine getirmemesi (Silva, Bispo, Rodriguez ve Vasquez, 2018; Unal ve Cakir;
2021), kuantum 6grenme modelinde bir programin uygulanmasini zor olmasi (Puk, 2003) ve kuantum
O0grenme modelinde problem ¢6zme (Yalgintas, 2019), dzyeterlilik (Tschannen-Moran & Hoy, 2001;
Afacan ve Giirel, 2019) gibi yasam becerilerini kazandirmada bazi sikintilarin ortaya ¢ikmasi
durumlarini ortadan kaldirdig1 sonucuna ulagilmistir. Modelin 6grencilerin bilgi, beceri, tutum ve deger
kazanimdaki etkileride gz oniine alindiginda bu modelin etkili bir sekilde ¢alistig1 ve basarili oldugu
sOylenebilir.
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Introduction

Facilitating students' daily lives and preparing them for the business world are two of education's most
important goals. (Trilling & Fadel, 2009). When they become adults, they need to develop their
cognitive skills, including language, mathematics, and other school subjects, and many non-cognitive
skills that will facilitate the application of these subjects to reveal their full potential (National Research
Council, 2012). In a report published by the OECD (2018), it is noted that students should have
interdisciplinary knowledge, practical problem-solving skills, metacognitive thinking skills, and social
and emotional skills such as self-efficacy and cooperation in the 2030s. The 21st-century skills, which
define what skills our children should be equipped with as they are being prepared for the future (Sing,
1991), also determined skills such as critical thinking, problem-solving, cooperation, information
literacy, leadership, and responsibility as the basic competencies that students should have (Brown,
2018; Partnership for 21st Century Skills, 2009). This situation requires the use of methods and models
that support high-level thinking in learning environments, encourage active participation of students,
allow students to transfer what they have learned into practice, while incorporating social, academic,
and life skills.

One of the models that can be used when organizing skill-based educational environments is the
qguantum learning model. In the quantum learning model, there are two groups of skills that students
should acquire. These are academic skills and life skills (Demir, 2006). The quantum learning model,
which aims to integrate academic skills and life skills on common ground and to gain these skills for
students, actively participates students in the learning process and develops a sense of responsibility in
them (Yal¢intas & Sakiz, 2018). Quantum note-taking, quantum memory, quantum writing, and
guantum reading strategies are academic skills. Leadership abilities, innovative problem-solving
methods, self-efficacy, the eight keys to excellence, effective communication skills, and responsibility
are among the lifelong learning skills. (Deporter, Reardon & Singer-Nourie, 1999; Deporter, 2006;
Given & Deporter, 2015).

One of the methods that are shown as a suitable example of the constructivist approach that can be used
in skills training (Wilson, 1996) or that is stated to be the essence of the constructivist approach
(Krynock & Robb, 1999) is the problem-based learning method. Academic studies in which this method
has been applied show that this method is effective in students' problem solving (Siagian, Armanto &
Siagian, 2019; Abidin et al. 2020; Suparman, Juandi & Tamur 2020), creative thinking (Parlindungan
& Yennita; 2019; Zahro & Mitarlis, 2021), critical thinking (Purba et al., 2020; Seibert, 2021) and
academic achievement (Chen & Wu, 2021). Individuals with problem-solving skills are successful in
life. Because people with problem-solving skills have a flexible, logical, innovative, courageous,
different thinking, self-confident, active, objective, energetic, responsible, creative, and productive
structure (Germi, 2006). The process of developing problem-solving skills requires different abilities
and skills. The development of this skill should be given importance in the progress and comfort of
humanity. Because people have to act according to their own opinion in the face of the difficulties they
experience (Akpinar, 2014).

A model was developed in this study taking into account the importance of problem-solving skills for
individuals, the fact that the quantum learning model does not have a specific starting point and a single
path to follow so it makes it impossible to implement any program (Puk, 2003), and that the quantum
learning model may not be effective in providing students with life skills such as problem-solving
(Yalgintas, 2019), self-efficacy (Tschannen-Moran & Hoy, 2001; Afacan & Giirel, 2019) and therefore
a model is needed for them to fully acquire these skills, and that in the problem-based learning
environment, there are too many tasks related to learning, there is not enough time to perform the tasks
(Unal & Cakir; 2021; Yuan et al., 2011), some students do not fulfill the tasks (Silva, Bispo, Rodriguez
& Vasquez, 2018; Unal & Cakar; 2021). This model aims to eliminate these problems in the quantum
learning model and problem-based learning method and to improve life skills including problem-
solving, self-efficacy, and cognitive abilities, which are connected to quantum learning and are listed
among them. In the model developed within the scope of this study, the steps of the problem-based
learning method and the quantum learning cycle were combined and this model was called the problem-
based guantum learning model. In this context, this study aims to investigate the influence of problem-
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based quantum learning on cooperative learning self-efficacy beliefs, and metacognitive thinking skills
among pre-service teachers and their views on it. In the framework, this basic purpose has looked for
answers to the following questions:

o Are there significant differences between pre-service teachers' attitudes toward
cooperative learning, self-efficacy beliefs, and metacognitive thinking abilities before
and after the lesson?

o What are the pre-service teachers' views on the problem-based quantum learning
model?

o What are the pre-service teachers' views on the activities performed in the problem-
based quantum learning model?

o What are the pre-service teachers' views on the application process of the problem-based
quantum learning model?

Literature review

Quantum learning model

The Suggestopedia studies that Bulgarian educator Dr. Georgi Lazanov developed in the 1970s are the
basis of quantum learning. In the 1980s Bobbi DePorter developed the concept of quantum learning in
the USA, based on the definition of quantum as an interaction that “converts energy to light” (DePorter
& Hernacki, 1992). Quantum learning is defined by Johnson (2002) as learning at the peak of people's
thinking capacity; by Vella (2002) as the process of keeping structures together with personal methods
by using all the neural networks in the brain to create meaningful information; by Hanbay (2009) as a
model that enables individuals to realize themselves as a whole.

Quantum learning, which is created by starting from quantum physics and emerging as a synthesis of
many new theories, includes learning methods and philosophical views that have proven to be effective
for all age groups. These are“NLP”, which enables the individual to develop himself by recognizing his
strengths and weaknesses; "Brain-Based Learning" for consistent learning with the brain's natural
learning process; "Learning Styles", which states that each individual has their own best learning style;
"Multiple Intelligence", which states that individuals have different dominant intelligence dimensions
and that they should be developed as a whole; "Emotional Intelligence"”, which supports academic
success; "Holistic Education”, which advocates the development of individuals as a whole in terms of
body, mind and spirituality and “Creative Thinking” for generating new and original ideas (DePorter &
Hernacki, 1992).

There are five basic principles adopted by quantum learning. These are as follows (DePorter, Rearden
& Nourie, 1999): 1. The learning environment consists of adequate light, purposefully designated plants,
colors, props, positive posters, and music. 2. Everything done in the course is done for the purpose. 3.
Learning becomes more effective and permanent if newly learned information is combined with
previous experiences. 4. Learning includes the risk factor. If the classroom is made more pleasurable,
the student will learn more easily since they will perceive it as safe.5. Things that are worth learning are
also worth celebrating. Appropriate and positive feedback establishes an emotional and positive
connection with learning.

A quantum-referenced education program should not follow a predetermined route but should follow a
flexible path that is suitable for the needs, tendencies, and learning styles of the student (Puk, 2003). For
this reason, DePorter et al. (1999) created the Quantum Learning cycle design, which ensures that in
every lesson, students are interested and curious.. This design consists of Enroll, Experience, Label,
Demonstrate, Review and Celebrate. As an overview, the stages of the quantum learning cycle are as
follows (DePorter, Rearden & Nourie, 1999; Ayvaz & Tuncel, 2011):

» Enroll: At this stage, in which the connection of the subject to be learned with the real world is
established, interest in the subject is created, the attention of the students is drawn and their
curiosity is aroused.
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» Experience: First of all, connections are established by checking old information about the
subject to be taught. At this stage, learners' prior knowledge is activated and their sense of
curiosity is increased and their need for learning is ensured.

» Label: In the labeling stage, new information is tried to be built on students' prior knowledge.
Learning strategies, memory techniques, and thinking skills are used extensively in this stage.

» Demonstrate: At this stage, the learner is free to acquire new information (combine it with
existing information) and use it in various contexts. This stage is essential for learners to
demonstrate what they know, make connections, and practice.

» Review: The review stage is the strengthening of the nerve connections with repetitions so that
the learned knowledge and skills remain in the students' brains permanently.

» Celebrate: In the celebration stage, the achievements of the students are congratulated.
Establishing intimacy between student and teacher depends on honoring student achievements.

Problem-based learning method

By presenting learners with problem situations that they could experience in daily life, the problem-
based learning method develops their critical and creative thinking, research, problem-solving, and
learning skills and prepares them for the profession (Duch, Groh & Allen, 2001). The purpose of this
method is to help students become independent active learners. For this, students are given appropriate
scenarios and they try to increase their problem-solving skills by thinking on their own (Boud & Felletti,
1997). Students take control of their learning during this process. As a result, they become more
motivated to study and actively engage in the process (Barrows, 2002).

The main features of the problem-based learning method are listed as follows by Barrows (1996), Gijbel
etal. (2005), and Reynolds and Hancock (2010): 1) This method is centered on the students. By engaging
in real-world events, students take responsibility for their education and participate actively.2) A
teacher's responsibility is to guide. 3) Students work in small groups. In this way, collaborative working
skills are developed. 4) Problems increase the student's motivation to learn. Problems are presented to
the learners in different ways such as through articles, videos, pictures, etc. 5) Students gain new
knowledge in the process and develop problem-solving strategies and different solutions. 6) The
problem situations given to the learners are of a quality that will improve the problem-solving skills of
the students.

In the teaching process in which this method is used, problem situations should be complex, semi-
structured (Duch et al., 2001), or unstructured (Albanese & Mitchell, 1993). While preparing scenarios
involving problem situations, real-life situations should be taken into account, they should be interesting
and increase student curiosity. Care should be taken that the solution of the problem includes more than
one alternative solution (Duch et al., 2001; Savery, 2006).

The steps of the problem-based learning method were determined and applied in different ways by
different researchers (Schmidt, 1983; Hmelo-Silver, 2004; Amir, 2016; Abello-romero, Mancilla &
Viancos, 2019). In this study, the problem-solving steps stated by Saban (2004) were adopted.
According to Saban (2004), the steps of the problem-based learning method consist of the 'Finding Step’
in which the problem situation is planned; 'Preparation Step', where the problem situation is prepared,;
"Welcome Step' where the problem situation is encountered; 'ldentification Step', in which what is known
about problem situations and what they need to know is determined; the 'ldentification Step' where the
problem is defined; the 'Collection Step’ where data is collected and analyzed; 'Generation Step’, where
possible solutions are generated; the 'Presentation Step’, in which the solutions are presented, and the
'Decision Step', where the appropriate solutions are determined.

Problem-based quantum learning model

The problem-based quantum learning model is designed in a way that gives the responsibility of learning
to the student, aims to develop students' problem-solving and thinking skills, and requires students to
work both individually and in groups in the process. In Figure 1, the formal view of this model, which
is prepared in the form of a cycle, is shown.



A model that can be applied both online and face-to-face education:Problem based-quantum learning model

Figure 1: Problem based-quantum learning model
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» Attraction: This stage establishes a connection between the subject to be learned and the
real world, generating interest in the subject, the attention of the students is drawn and their
curiosity is aroused. First, a problem situation related to the contents of the unit is
determined. This problem situation can be a cartoon, story, article, etc. may be. Attention is
paid to the fact that the problem situations presented to the student will attract the attention
of the student, increase his curiosity, and are suitable for real life.

» Association: Students are asked to make associations and analyze the problem situation by
examining their previous learning. At this stage, learners' prior knowledge is activated and
their sense of curiosity is increased and their need for learning is ensured. Students try to
identify the problems felt. They examine their knowledge of the issue and the kind of
information they require.

» Meaning: At this stage, students are expected to decide and define the problem situation.

» Exploring: Students are asked to build new information on their prior knowledge. Learning
strategies, memory techniques, and thinking skills are used extensively in this phase. At this
stage, students reach the information they determined in the 'Connection’ stage and analyze
the information. The information obtained is of a quality that will help them to solve the
identified problem.

» Production: At this stage, students demonstrate what they know, associate with other
disciplines, and practice. Discussion techniques, writing techniques, and various student-
centered activities can be applied intensively at this stage. At this stage, they develop
solutions for the determined problem using the information obtained. Care is taken to
establish interdisciplinary associations in solutions.

» Decision: Students present their solutions. Students listening to the presentation are
expected to analyze and criticize/comment on the presentation since it is thought that the
repetitions made are important for the knowledge and skills learned during the presentation
to remain in the brains of the students permanently. Solutions are evaluated and students'
successes are congratulated.

» Reporting: Students report their individual and group work in the previous stages.

This model consists of 7 stages and 3 work types. The application process of the model consists of
individual, group, and class activities. Which stages in the model will be done individually and which
stages will be done with a group can be determined by the practitioner according to the situation of the
class, the characteristics of the course, and the students. Students first work individually, then they come
together with the group and do some activities, and the last class activities are held. In the problem-
based quantum learning model, which can be applied to both face-to-face and distant learning,the
duration of a cycle may vary according to the characteristics of the subject to be taught.
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Methodology

Research model

In this study, the experimental research methodology was applied. The impact of the model was
determined using a "pretest-posttest group design.” An experimental group was designated for the group
in the design. Table 1 shows the design's symbolic representation.

Table 1: Pretest-posttest research design
Pretest Treatment Posttest
= P1 X1 P2

E1: Experiment Group-1, P1: Pretest, P2: Posttest, X1: Experiment Process-1

Working group

The participants were 2nd-year students in a state university's English Language Teaching program in
Turkey. The working group for this study consisted up of participants in the course at the time. In the
working groups, there are 36 female and 19 male students.

Application process

First stage

Within the scope of this research, first of all, a needs analysis study of the Teaching Principles and
Methods course was made and a curriculum design was made. In this context, a Delphi study was
conducted, interviews were held with teachers, teacher candidates, and school administrators, and the
needs analysis study was completed by examining national and international reports and theses.
According to the data obtained, the qualifications that teacher candidates should gain in the Teaching
Principles and Methods course and the structure of the course curriculum were determined. The
curriculum developed is based on an approach that directs pre-service teachers to use high-level thinking
skills including critical, reflective, creative, and analytical thinking, enables permanent and meaningful
learning, is associated with previous learning, and aims to integrate with other disciplines and daily life
around professional competencies, skills and values, For this reason, it is thought that it is necessary to
implement the program within the framework of a model that can be used effectively in both online and
face-to-face education to achieve its purpose.

Second stage
The Teaching Principles and Methods course, which lasted a total of 14 weeks, was designed according
to distance education in the problem-based quantum learning model. The course is designed to be both
individual and group work. 11 groups in total were formed.. Students communicate with each other on
Skype, Zoom, WhatsApp, etc. every week. They wrote the questions they wanted to ask the lecturers in
Google Classroom and their questions were answered. Expectations from students during the course are
explained as follows:
¢ Inthe course, individual, group, and classwork steps were followed every week.
e Classwork was held every Wednesday between 15.30-16.30 on the “UZEM Live Lesson
Platform”.
o Worked in groups of 5 people. Group studies were carried out with the method determined by
each group (zoom, WhatsApp, etc.) before the class study.
e Each group is registered to Google Classroom with the group names consisting of the names of
the people in the group.
e The instructions for the work to be done for each subject (for 2 weeks) were sent to the students
every Friday via Google Classroom
e The reports were taken as e-portfolios. Each group prepared a single portfolio.
e The reports were uploaded to Google Classroom as a single Word file at the end of each topic
(at the end of 2 weeks) until 24.00 on Thursday.
e The head of the group was responsible for the preparation and sending of the reports. The group
leader changed with each report submission.
e Individual studies, group studies, and forms filled during the presentation were included in the
reports.
Each unit of the Teaching Principles and Methods course, which consists of 7 units, is designed to last
2 weeks. The steps that students will follow during these two weeks are described as follows:
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The first week of each unit;
v Individually, the given scenario/situation/video/article was read and the information/situations
here were associated and interpreted with the previous information.
v When associating with prior knowledge, the techniques given in the unit instruction were used.
v Individually interpreted situations and associated previous information were compared,
discussed, and reported with the group. At this stage, the techniques given in the unit instructions
were used.
v The problem situations felt by the group were determined and reported considering the contents
of the unit.
In the class, the prepared report was presented.
While listening to the presentations of the other groups, the "He has, | don't have" form was
filled out individually.
v' After the lesson, the form of "He has, | don't have" was examined and the final version of the
problem situation was decided.

<]

The second week of each unit;

v Individually, the information required to solve the problem was obtained.

v The information obtained was reported using the techniques given in the unit instruction.

v" The information obtained individually was discussed and analyzed with the group using the
technique given in the unit instruction.

v" Using the analyzed information, at least two different solutions were developed with the group.

v Associations with other disciplines (other educational science courses) were established in the
solutions developed.

v In the class, the prepared report was presented.

v" While listening to the presentations, everyone completed the peer review form individually.

The Teaching Principles and Methods course, which was organized according to distance education in
the problem-based quantum learning model, was completed in 7 cycles in total, each unit being one
cycle. An example unit cycle is presented in Table 2:

Table 2: A unit cycle in the problem-based quantum learning model

Week | Unit Cycle Practices Time |Work types Activities
1. Attraction * Encountering the Out of |Individual | * Cartoons, stories, articles, etc. examination
problem course
hours
K 2. Association * Associating with Out of Group | * Quantum writing
g previous knowledge course * Quantum memory-association
1 * Problems felt hours
iT * Determination of
needed information
3. Meaning * Identifying the problem| Course Class *Presentation
hours  'He has, I don't have the form
4. Exploring * Reaching for Outof |Individual | » Quantum writing
information course « Note-taking techniques
* Analysis hours * Quantum memory-classification
» Multiple intelligence activities
5. Production * Generating solutions | Out of Group | e Discussion techniques
* Making course » Writing techniques
é interdisciplinary hours « Student-centered activities
= associations
k= 6. Decision * Sharing solutions Course Class *Presentation
§ * Determining the hours * Quantum memory-revival, acrostic, linking
n solution * Peer evaluation
*Evaluation
* Congratulation
7. Reporting * Reporting Out of Group | * Report submission
course
hours
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As can be seen in Table 2, the course process includes both individual and group work, and both course
activities and out-of-course activities. In the first week of the cycle, students who listened to the
presentation during the presentation were asked to fill in the "He has, | don't have" and in the second
week of the cycle, "Peer evaluation™ forms were filled. In these forms, students were asked to evaluate
the work of other groups and compare them with their work. In this way, it was ensured that the students
saw the deficiencies in their studies and completed them.

Data collection
“Student Letters”, “Teachers’ Sense of Efficacy Scale”, “Metacognitive Thinking Skills Scale” and
“Attitude Scale for Cooperative Learning” were used to collect data.

v Student letters: At the end of the semester, the students were required to write a letter outlining their
views and feelings regarding the procedure in order to assess their attitude toward the lesson. In the
study group, 55 out of 55 students wrote letters.

v Teachers’ sense of efficacy scale: The scale's 24 items and three sub-factors—student engagement,
instructional strategies, and classroom management—were developed Capa, Cakiroglu, and Sarikaya
(2005). The reliability values of the scale's sub-factors were as follows, according to the study's
reliability and validity: student engagement (r=82), instructional strategies (r=86), and classroom
management (r=84). Calculated for all scale items, the Cronbach's Alpha reliability coefficient was
found to be 93.

v' Metacognitive thinking skills scale: The scale consisting of 18 items and four sub-factors was
developed by Tuncer and Kaysi (2013). The scale's four sub-factor structure was shown to be able
to explain 56,579% of the total variation, and the Metacognitive Thinking Skills (MTS) scale's
Cronbach's alpha coefficient was calculated to be.881. The metacognitive thinking skills of students
who score higher on the scale are higher, while those with low scores are lower.

v Attitude scale for cooperative learning: Consisting of 28 items and one dimension, the scale was
developed by Sahin, Arseven, Okmen, Eris & ilgan (2017). It was seen that 28 items explained
45.38% of the total variance. In the internal consistency study of the scale, the Cronbach's Alpha
coefficient was found to be 0.95 and the two-half reliability was found to be 0.90. Students who score
high on the scale have more positive attitudes towards cooperative learning, while those with low
scores have negative attitudes.

Data analysis
The analysis of the quantitative and qualitative data collected in the research is as follows:

v" Quantitative data analysis: The Kolmogorov-Smirnov test was initially used in the analysis of
guantitative data to determine whether the results were normal. According to the results of the
normality test, it was seen that the students' attitudes towards cooperative learning and the
metacognitive thinking skills scale did not show a normal distribution, while the teacher self-
efficacy belief scale showed a normal distribution. In analysis; the t-test from parametric tests and
Wilcoxon signed-row test from non-parametric tests were used.

v/ Qualitative data analysis: Content analysis was used to examine student letters. There were three
stages to the data analysis procedure. Data organization, data summarization, and data
association/interpretation are these processes (Kili¢ et al., 2019). Data were combined, grouped,
and prepared for analysis at the stage of organization. In order to express each participant, the forms
were coded. Direct quotations also made use of these codes. Data summarization included the use
of coding and categorization procedures. The data's meaningful components were classified, and
these codes were gathered into groups and subcategories. At the association/interpretation stage,
the categories that emerged themselves were interpreted by connecting them to one another.
Pseudonyms were also given to the students to ensure confidentiality in the presentation of the data.
The statements of the students are quoted using their original words.
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Findings and discussion

The research findings were examined under six headings: “Pre-service Teachers' Attitudes Towards
Collaborative Learning”, “Pre-Service Teachers' Teacher Self-Efficacy Beliefs”, “Pre-Service Teachers'
Metacognitive Thinking Skills” and “The Structure of the Problem-Based Quantum Learning Model”,
“Activities in the Problem-Based Quantum Learning Model”, “The Implementation Process of the
Problem-Based Quantum Learning Model”.

Pre-service teachers' attitudes towards collaborative learning

Table 3 contains the findings of the Wilcoxon signed-rank test, which was conducted to see if there was
a statistically significant difference between the pre-test and post-test scores on the pre-service teachers'
attitude scale toward cooperative learning.

Table 3: Wilcoxon signed ranks test results regarding pretest-posttest scores

n Mean of Ranks Sum of Ranks z p
Negative Rank 14 15.11 211.50 -1.233 217
Positive Rank 19 18.39 349.50
Ties 1

Table 1 shows that there was no significant difference in pre-service teachers' attitudes toward
cooperative learning compared to the Wilcoxon signed-rank test result (z=-1.233, p.01). Accordingly, it
can be said that the model applied is not effective in the attitudes of pre-service teachers towards
cooperative learning. The data obtained from the letters are thought to be the reason for this situation.

When the data from the letters were analyzed, it became clear that the pre-service teachers' opinions on
collaborative work could be divided into four categories: “They do not want to do group work”, “They
cannot communicate to do group work”, “They have difficulties during group work”, and “They think
that group work is fun and effective”.

v They do not want to do group work: Some of the pre-service teachers were seen to dislike group
work and have prejudices about group work. Pre-service teachers claimed that group work was a
challenging task and they did not have cooperative working habits.

v They cannot communicate to do group work: It was observed that during the distant education
procedure the pre-service teachers could not communicate effectively with each other due to
problems such as illness, internet, and access to technological devices. These problems are the
problems arising from the distance education process, regardless of the model applied in the course.
In addition to these, it was observed that pre-service teachers had difficulties in communicating
because they had difficulties in arranging time.

v' They have difficulties during group work: Some of the pre-service teachers stated that their
groupmates did not make the necessary effort during group work and that they had to take on the
responsibilities of the group members. This situation prevented pre-service teachers from carrying
out group work effectively. Pre-service teachers think that it is difficult to be patient with group
members and to find a common point in group work.

v" They think that group work is fun and effective: Although there are some problems in the group
work process, pre-service teachers think that discussing and analyzing common ideas through
collaborative work is a good experience, that it is more beneficial than individual work, and that
group work done within the scope of this model is more productive and valuable than other group
work. It was observed that there were students who were satisfied with group work, found group
work easy and enjoyable, and found themselves successful in group work.

Pre-service teachers' teacher self-efficacy beliefs

Table 4 contains the findings of a t-test that was conducted to see if there was a significant difference
between the pre-test and post-test scores on the teacher self-efficacy belief scale for pre-service
teachers:
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Table 4: Comparison of pre-test and post-test scores of pre-service teachers’ teacher self-efficacy

beliefs scale
Test N X S.S t p
Pre-test 33
Total 3.80 43 -2.48 0.018
Post-test 33 4.00 44
Using Teaching Pre-test 33 381 52 2133 0.041
Strategies Post-test 33 4.00 .46 ' .
Pre-test 33
Classroom 3.80 42 -2.036 0.050
Management Post-test 33 4.00 49
Ensuring Student ~ Pre-test 33 3.78 53 -2:298 0.028
Participation Post-test 33 3.99 a4

When Table 4 is examined, between the pre-test and post-test scores, there was a significant difference
in total (t=-2.48, p<0.05), the dimension of using teaching strategies (t=-2.133, p<0.05), and the
dimension of ensuring student participation (t=-2.298, p<0.05), and this difference appears to be in
favor. In the classroom management dimension (t=-2.036, p<0.05), it was seen that the averages
increased, but there was no significant difference. In this case, it can be said that the teaching principles
and methods course, in which the problem-based quantum learning model was applied, positively affects
the teacher self-efficacy beliefs of the pre-service teachers.

When the data from the letters were analyzed, it became clear that the opinions of the pre-service
teachers on some of the qualifications they gained regarding the teaching profession were grouped under
six categories: “He learned to organize the teaching process”, “He learned to use different methods and
techniques”, “He learned to apply student-centered education”, “He learned to actively participate”, “He
changed his view of the teaching profession”, “He made new decisions for professional development”.

He learned to organize the teaching process: Pre-service teachers were found to think that they have
learned to prepare an effective lesson plan in their professional life, to create a learning environment
suitable for cooperative learning, and to prepare and use different materials.

He learned to use different methods and techniques: Pre-service teachers stated that they understood
how the methods could change for each lesson and subject and learned how to use these methods. T11
expresses his opinion on this subject as follows: “We learned by applying many different methods this
term. It's all in my mind. | look forward to applying these learned principles and methods in my class.”

He learned to apply student-centered education: It was observed that pre-service teachers learned to
apply student-centered teaching and to prepare a student-centered teaching model when they started
their profession.

He learned to actively participate: It was observed that pre-service teachers learned how to ensure active
participation of students during the lesson, how to communicate with students, how to manage all kinds
of classroom mobility and how to approach individual differences with an understanding.

He changed his view of the teaching profession: At the end of the application, it was observed that there
was a change in the professional perceptions of the pre-service teachers. It was observed that teachers
realized how valuable they are, there were positive changes in their perception of teaching and they
learned what needs to be done in teaching life.

He made new decisions for professional development: To be an effective teachers, pre-service teachers
realized their shortcomings and made new decisions to close this gap. Accordingly, pre-service teachers
decided to plan, organize time, and learn the basics of educational philosophy, acquire different books
on methods and techniques, and gain the habit of reading research and articles in the next process.
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Pre-service teachers' metacognitive thinking skills

Table 5 contains the findings of the Wilcoxon signed-rank test, which was conducted to see if there was
a statistically significant difference between the pre-test and post-test scores on the pre-service teachers'
metacognitive thinking skills scale.

Table 5: Wilcoxon signed ranks test results regarding pretest-posttest scores.

n Mean of Ranks Sum of Ranks z p
Negative Rank 15 11.67 175.00 -.337 .736
Total Positive Rank 12 16.92 203.00
Ties 1
Negative Rank 11 11.00 121,00 -.521 .603
Thinking Skills Positive Rank 12 12.92 155,00
Ties 6
Reflective Negative Rank 13 12.92 168,00 -.192 .848
Thinking Positive Rank 13 14.08 183,00
Towards Problem ~ Ties 4
Solving
Negative Rank 14 12.46 174,50 -.704 481
Decision Making  Positive Rank 10 12.55 125,50
Ties 5
Alternative Neg_a.tive Rank 9 11.28 101,50 -1.393 .164
- Positive Rank 15 13.23 198,50
Evaluation Ties 6

According to the Wilcoxon signed-row test results, Table 5 shows that there was no significant
difference in the total score (z=-.337, p.01) for the pre-service teachers' metacognitive thinking skills,
in the thinking skills dimension (z=-.521, p<.01), in reflective thinking towards problem-solving
dimension (z=-.192, p<.01), in decision making dimension (z=-.704, p<.01) and in alternative evaluation
dimension (z=-1.393, p<.01). This situation differs in qualitative data.

There was a finding that the opinions of the pre-service teachers regarding the learning outcomes they
gained after the lesson were grouped under four categories: " information", "skill", "attitude" and
"value".

v Information: Pre-service teachers claimed they had acquired the following information within the
scope of the model:
¢ Information on the course content: 90% of the course, educational sciences concepts and terms,
various fields and subjects, many websites, forums, and resources
¢ New methods and techniques
e Note-taking techniques
e Various thinking techniques
v Skill: Pre-service teachers thought that they acquired the following skills within the scope of the
model:
e Problem-solving skills: Analyzing the problem, developing solution proposals, generating
ideas, structuring knowledge
Research skill
Critical thinking skill
Ability to apply methods and techniques
Ability to do group work
Careful reading skill
v’ Attitude: Pre-service teachers thought that they gained the following attitudes within the scope of
the model:
e Personal attitude: The desire to learn increased, he understood the importance of planned and
programmed work,
o Professional attitude: He realized the importance of student-centered education, learning
through research, group work, feedback, use of materials, and active participation of students
in the lesson. T8 expressed his opinions on this subject as follows: “We did a lot of research
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this term. The process was always under our control. Then | realized that the more active the
student is in the process, the more he learns. Now | understand why student-centered
education is important.”
v" Value: It was observed that the students thought that they gained the values of responsibility, justice,
tolerance, respect, and patience as a result of the application of the model.

Structure of the problem-based quantum learning model

The data obtained from the letters showed that there were six groups in which the pre-service teachers'
opinions on the problem-based quantum learning model were divided: "A student-centered model",
"Problem situations have a positive effect on learning”, "Establishing an interdisciplinary relationship
has a positive effect on learning”, "The structure of the model has made the information permanent / the
lesson productive"”, "Different views on report preparation” and "Portfolio evaluation and weekly

feedback are more effective".

v" A student-centered model: It was determined that pre-service teachers perceived the applied model
as a modern, democratic, cooperative, and active learning model. It was seen that the problem-based
quantum learning model encourages students to research and learn, is based on learning by doing
and experiencing, and is thought to provide effective learning when the steps of the model are
followed. T8 expresses his opinion on this subject as follows: “For the first time in my life, | had a
student-centered education. In this process, | had the opportunity to criticize my teachers in the past.
| realize their mistakes better now.”

v" Problem situations have a positive effect on learning: It was determined that pre-service teachers
found the problem situations interesting and problem situations showed them how a lesson should
not be, saved the lesson from monotony, and shed light on the problems that pre-service teachers
may encounter in their professional life.

v Establishing an interdisciplinary relationship has a positive effect on learning: It was observed that
students found it fun to establish interdisciplinary relationships while solving problems within the
scope of the model, and this enabled them to acquire new information and reinforced their existing
knowledge.

v" The structure of the model has made the information permanent / the lesson productive: The model's
features such as students' doing research in the process, their efforts being essential, applying the
knowledge they acquired, establishing interdisciplinary relationships, acquiring information for
homework rather than exams, making discoveries on their own, synthesizing and sharing
information, ensured that the information was permanent/productive.

v" Different opinions on report preparation: Although the pre-service teachers found it tiring and time-
consuming to prepare a report, it was observed that they thought that the report preparation process
contributed to their learning.

v" Portfolio evaluation and weekly feedback are more effective: The fact that the evaluation was based
on the prepared reports and there was no exam was welcomed by the pre-service teachers. It was
seen that giving feedback to the reports helped them to close their deficiencies. However, it was
stated that group evaluation put some individuals in trouble.

Activities in the problem-based quantum learning model

The data obtained from the letters showed that the pre-service teachers' opinions on the activities of the
problem-based quantum learning model could be divided into three categories: “Individual activities
positively affected learning”, “Classroom activities” and “Group work”.

v Individual activities positively affected learning: It was observed that the activities performed by the
pre-service teachers individually enabled them to learn new information and came prepared for the
lesson and increased their active participation in the lesson.

v Classroom activities: The opinions of the pre-service teachers on the classroom activities within the
scope of the model as follows:

e He thinks that it is both stressful and beneficial: It was observed that the pre-service teachers
thought that the presentations made within the scope of classroom activities were not only
stressful, but also fun, they allowed them to see different ideas, and that the short presentations
increased their interest.
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e It contributed to individual development: Thanks to the presentations, pre-service teachers
thought that their self-confidence increased, their fear of speaking in public decreased, and their
perspective on teaching changed. T22 expressed his opinion about the presentations as follows:
“l am a bit of a shy person. So when | was going to do the presentation, | was getting stressed
from the evening. But over time, my self-confidence developed. | feel more comfortable now.”

e Peer evaluation forms affected learning positively: Pre-service teachers reported that they had
compulsory participation in the lesson, followed the presentations better, learned different ideas,
and had the chance to complete their deficiencies, thanks to the forms they filled during the
presentations.

v Group work: The opinions of the pre-service teachers on the group activities within the scope of the
model are as follows:

o It helped them to strengthen their mental skills: It was determined that pre-service teachers
thought that their observation skills increased, they learned to develop different solutions and
contribute to a common product thanks to group work.

e He realized the importance of sharing ideas: Pre-service teachers claimed that group works
taught them how to share ideas and that hearing different ideas improved them.

o He gained skills that he could use in his professional life: It was observed that the pre-service
teachers thought that they could play a better and stronger role in the next group work, their
self-confidence improved, they became aware of their responsibilities, and they realized that
they could improve themselves from the deficiencies of their groupmates.

e Communication skills improved: During group work, it was observed that pre-service teachers
made new friendships, developed existing friendships, and learned to get along with their peers.
T38 expressed his opinion on this subject as follows: “It was very good for me to meet with our
friends in such a process. We created a group on WhatsApp for this lesson. But we were talking
about other things as well. Thus, we became close. | met good people.”

The implementation process of the problem-based quantum learning model

The data obtained from the letters showed that the pre-service teachers' opinions on the problem-based
guantum learning model's implementation process could be divided into three categories: “Negative
opinions at the beginning of the term changed at the end of the term”, “There are different opinions
about the workload”, “There were some difficulties in the implementation process”.

v" Negative opinions at the beginning of the term changed at the end of the term: It was found that
pre-service teachers thought that this model would not be efficient at the beginning of the term and
they were worried and afraid, but at the end of the term, their opinions changed. At the end of the
term, pre-service teachers stated that this model is a fun and effective method and they feel lucky
and valuable. T43 expresses his thoughts on this subject as follows: “lI must admit that at the
beginning of the term | was very opposed. | said nothing like that would happen. But | was very
surprised to see what | learned at the end of the semester. | couldn't believe it." It was determined
that this model enabled pre-service teachers to comprehend and accept the constructivist
philosophy and they thought that they had the most interesting and different experiences.

v" There are different opinions about the workload: While some of the pre-service teachers thought
that the workload was too much, some of them stated that it did not take more than one day to
complete both individual and group homework and when they looked at the information they
learned, they did not think that the workload was too much.

v There were some difficulties in the implementation process: Pre-service teachers were observed to
have difficulties in arranging a time to complete the tasks. It is thought that this situation is not due
to the model but to the individual traits of the pre-service teachers or their inability to get used to
the process of distance education. It was stated that not giving sample applications in order not to
hinder the creativity of pre-service teachers during the application process made them indecisive
and had difficulty in reaching sufficient information.
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Results and recommendations

Attitude towards cooperative learning

It has been concluded that the pre-service teachers' attitudes toward group work and cooperative learning
are affected by the problem-based quantum learning model.. Although there was no significant
difference in quantitative data, there was an increase in the averages. The fact that in the distance
education process, pre-service teachers had prejudices about group work and could not communicate
effectively due to illness and technological problems may have prevented a significant difference.
However, it can be said that the model has a positive effect on cooperative learning according to both
the increase in the averages and the findings obtained from the qualitative data. Senocak, Taskesenligil,
and So6zbilir (2007) and Wyness and Dalton (2018) also stated that The cooperative learning skills of
students are positively affected by the problem-based learning model.

It was determined that there might be issues with scheduling, access to the internet and technological
devices, and group members failing to perform their responsibilities during group work. It is thought
that these problems are caused by distance education. In their studies, Batubara (2020), Alharthi (2020),
Hebebci et al. (2020), and Cilek et al. (2021) have noted that technology issues with distant education
have a negative impact on the teaching process.

Self-efficacy belief

According to the research findings, the use of the problem-based quantum learning model resulted in a
positive effect in pre-service teachers' perceptions of their own teacher self-efficacy.It was observed that
students' perspectives on the profession changed, and their skills of using student-centered method
techniques, ensuring active participation of students, and organizing the teaching environment
improved. Considering that Tschannen-Moran and Hoy (2001) and Afacan and Giirel (2019) stated that
the quantum learning model may not be effective in gaining life skills such as self-efficacy, it is thought
that it is important for this model to gain this skill. It is thought that the problem-based quantum learning
model's combining knowledge and practice and enabling students to use the information they have
reached are effective in this situation.

Metacognitive thinking skills

The research findings resulted in the conclusion that the problem-based quantum learning model had a
positive impact on pre-service teachers' problem-solving, thinking, research, and decision-making skills.
It was seen that the positive effects of problem-based learning on thinking, problem-solving, and
research skills (Lohman & Finkelstein, 2000; Bashith & Amin, 2017; Simamora, Sidabtur & Surya,
2017; Hussin, Harun & Shukor, 2019) is effective in gaining skills such as problem-solving, different
thinking and responsibility, which are considered among life skills of quantum learning.

The problem-based quantum learning model was found to be effective in helping pre-service teachers
learn new skills and information as well as change their attitudes. When the lesson's learning outcomes
were analyzed, it became clear that the pre-service teachers had a greater motivation to learn, were more
aware of the value of student-centered education, and understood the value of group works and the
students' active participation in the lesson.

It was observed that this model developed within the scope of the research was also effective in gaining
values such as justice, responsibility, and respect for pre-service teachers. The fact that this model
requires group work, gives the responsibility of learning to the student, and includes the processes of
accessing and using this information has been effective in gaining values such as responsibility, respect,
patience, and fairness. Because in value acquisition, The use of inquiry-based participatory models,
which are process-based, student-centered, participatory, and encourage group learning and student
participation, will help students develop their critical thinking, problem-solving, and cooperative skills.
(Schwartz, Tessman & McDonald, 2013).
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Problem-based quantum learning model

Structure and characteristics

The problem-based quantum learning model developed as a part of this study's scope is a student-
centered model that assigns the responsibility of learning to the student and offers successful learning,
and it was concluded based on the research findings that the teacher's role is that of a guide. Considering
that this understanding was adopted in the development of the model, it was seen that the study's findings
were regarded to confirm the model's development philosophy. In addition, it was seen that the problem
situations used in the problem-based quantum learning model attracted students' attention and that
establishing interdisciplinary relationships while defining and solving the problem in the process was
effective on student learning. It can be said that establishing interdisciplinary relationships, which is an
important part of quantum learning, is also effective in this model. While establishing interdisciplinary
relations, students learn from their own experiences and construct knowledge, as in student-centered
education (Daley, 2003). According to studies, this type of student-centered education provides students
with depth in meaning, increases the level of recall of information, and increases their motivation to
learn (Smart & Csapo, 2007). Ersoy and Baser (2011) also concluded in their study that problem
situations used in problem-based learning have a positive effect on student learning.

It was concluded that both the preparation of the report and the feedback given to the reports during the
process had a positive effect on student learning and that the evaluation system done on the portfolio,
not the exam, affected the students positively. Kaya et al. (2020) examined the effect of feedback in
their studies and concluded that feedback positively affects student learning and self-esteem. Sulistyo et
al. (2020) and Barrot (2020) examined the effects of using portfolio assessment in the teaching process
and stated that portfolio assessment was effective in student learning and students had positive attitudes.
These studies are consistent with the results of this study.

According to the research findings, it was concluded that the individual activities of the students
increased their active participation in the lesson by coming prepared. Brevik (2020) and Dolean and
Lervag (2020) examined the effect of homework done before the lesson on students and stated that
homework had a positive effect on student learning. It was concluded that student presentations in the
classroom were stressful, but students' self-confidence increased. It was observed that giving tasks
related to the presentation to the students who listen to the presentation during the presentation, on the
other hand, allowed the presentations to be followed better and gave the students the chance to complete
their deficiencies. Geng et al. (2020) stated that bad student presentations negatively affected distance
education in their study examining student views on distance education. This situation shows that the
student presentations made during this application process eliminate the negative situations during the
presentation.

Effects on pre-service teachers

It was seen that group work contributed to pre-service teachers' mental skills, professional life, and
social/communication skills. With the group work, it was concluded that the friendship relations, sense
of responsibility, and cooperative working skills of the pre-service teachers improved. Despite several
problems arising from distance education, it is thought that pre-service teachers' sharing of information,
analyzing, and producing new solutions in group studies carried out regularly every week in the
problem-based quantum learning model contribute to these positive results.

Looking at the model as a whole, it was concluded that this model was effective in learning the content
of the course and information and increased the desire to learn, their attitudes towards the model
changed, and the model was effective and fun. It was concluded that in the problem-based quantum
learning model, students' doing research in the process, applying what they learned, establishing
interdisciplinary relationships, and learning with their efforts made the lesson productive and the
information permanent. In student-centered education, learning is more effective when students actively
participate in the process (Scott, Buchanan & Haigh, 1997). Studies in the literature show that the
problem-based learning method (Uygun & Tertemiz, 2017) and the quantum learning model (Trice,
2012; Usanmaz et al., 2017) both provide permanent learning. These research support the findings of
the present study.
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Conclusion

The problem-based quantum learning model was observed to eliminate some problems in the quantum
learning model and problem-based learning method. The problem-based quantum learning model gives
the responsibility of learning to the student, aims to develop students' thinking and problem-solving
skills, and requires students to work both individually and in groups in the process. This model affects
the attitudes of pre-service teachers towards cooperative learning and group work and the perceptions
of teacher self-efficacy changed positively according to the research data. Also the problem-based
guantum learning model positively affected the problem-solving, thinking, research, and decision-
making skills of pre-service teachers. It is thought that the problem-based quantum learning model can
be implemented in both online and face to face education effectively. Considering the effects of the
model on students' knowledge, skills, attitudes, and value acquisition, it can be said that this model
works effectively and is successful. Teachers should be encouraged to develop new learning models to
improve teaching practices in distance learning.
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