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ABSTRACT: This research was conducted to determine whether there is any effect of the Montessori approach-
based STEM activities on the development of the problem-solving skills of pre-service preschool teachers or not. The
mixed-method was employed in the research. The sample of the research consisted of 50 teacher candidates studying
at the Faculty of Education Preschool Teaching Department in the 2017-2018 academic year. A single grouped
pretest-posttest pattern was created to determine the difference in the problem-solving skills of the pre-service
teachers in the research. The quantitative data gathered during the process of the research were analysed with the
statistical methods; the qualitative data were analysed with the content analysis. In the study, quantitative data were
collected using the “Problem Solving Scale”, and qualitative data were collected using the “Semi-Structured
Interview Form™. The interview form is quantitative and consists of 10 open-ended questions in total. This form was
applied only to 15 volunteers at the end of the study. For 14 weeks, candidates were given Montessori approach-
based STEM training. In the findings obtained as a result of the research; it was observed that there was a significant
difference between the pre-test and post-test scores of problem-solving skills and the qualitative analysis results also
supported the quantitative results. With these findings, it was concluded that the activities developed the problem-
solving skills of individuals and produced solutions to the problem from different perspectives.

Keywords: Montessori approach, problem-solving, STEM.

OZ: Bu arastirma, Montessori yaklasim temelli STEM etkinliklerinin okul éncesi 6gretmen adaylarmin; problem
¢ozme becerilerinin geligimi lizerine etkisinin olup olmadigin1 tespit etmek amaciyla yapilmistir. Aragtirmada karma
yontem kullamlmistir. Arastirma 6rneklemini 2017-2018 egitim ogretim yilinda Egitim Fakiiltesi Okul Oncesi
Ogretmenligi Boliimiinde 6grenim goren 50 Ogretmen aday1 olusturmustur. Arastirmada &gretmen adaylarinin
problem ¢ézme becerilerindeki degisimi belirlemek amaciyla tek gruplu Ontest sontest deseni olusturulmustur.
Aragtirma siiresince elde edilen nicel verilerin analizi istatistiksel yontemler ile nitel verilerin analizi ise igerik analizi
ile yapilmustir. Calismada nicel veriler “Problem Cozme Olgegi” ile nitel veriler ise “Yari-Yapilandirilmis Goriisme
Formu” kullanilarak toplanmistir. Goriisme formu niceli destekleyici nitelikte ve toplamda 10 agik uglu sorudan
olugmaktadir. Bu form ¢alisma sonunda sadece goniillii 15 katilimciya uygulanmistir. 14 hafta boyunca adaylara
Montessori yaklasim temelli STEM egitimleri verilmistir. Arastirma sonucunda elde edilen bulgularda; problem
¢ozme becerilerinin Ontest ve sontest puanlar1 arasinda, anlamli bir farklilik oldugu ve yapilan nitel analiz
sonuglarinin da nicel sonuglar1 destekledigi gézlenmistir. Bu bulgular ile etkinliklerin bireylerin problem ¢dzme
becerilerini gelistirdigi ve soruna farkli bakis agilari ile ¢dzlimler iirettikleri sonucuna ulagilmigtir.

Anahtar kelimeler: Montessori yaklasimi, problem ¢6zme, STEM.
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Today, economic developments and technological changes have changed the
characteristics and competencies expected of people in the 21st-century competitive
world (Cevik & Abdioglu, 2018). These qualifications are the skills of being firm
against the problems, studying inter-disciplinary, having improved communication
skills, creative and problem-solving skills, which is the most significant factor in
education. Problem-solving is the planning of the answer to an existed problem,
presenting a situation or response to achieve a difficult task, suggesting a probability or
showing interest. The most important environment that will help the individual to think
original, productive, different and qualified and to become responsible individuals by
taking solid steps in the future is education environments (Yuvact & Daglioglu, 2018).
Therefore, different and new approaches are needed to educate individuals having these
skills in education environments (Sahin, 2013; Yaman & Yalgin, 2005). It has been
supported in several studies that the Montessori approach (Durakoglu, 2011) and STEM
education are effective in getting individuals to acquire problem-solving skills at early
ages in the 21st century (Uyanik-Balat & Giinsen, 2017). The easiest way to achieve
this is to provide the individual with STEM education with the help of games made in
childhood (Uyanik-Balat & Giingen, 2017). It is suggested that STEM education should
be given at a basic level in order to maintain the effectiveness of scientific process skills
for individuals (Cepni, 2017). Considering these suggestions, in order to increase the
effect and permanence of STEM education to be given in the pre-school period, STEM
education applied based on the Montessori approach philosophy, which is of great
importance in children’s education and school success in this period, will provide a
stronger and more effective education (Cakir & Altun-Yalgm, 2020). These two
educational approaches complement each other with the same goals (to raise creative
individuals who have 21st-century skills, research, question, analyze, produce, find
solutions to problems (Cakir, 2018). Therefore, training of expert teachers who can
integrate these trainings by supporting each other and apply them in the pre-school
period will be effective in education (Cakir, 2018). In the literature, the importance of
bringing up STEM experience to children in the pre-school period and raising
individuals who will produce innovative solutions to complex problems in the future
and contribute to economic developments is emphasized (Aronin & Floyd, 2013).
However, in our country, sufficient teachers could not be trained at the desired level
with this training (Cepni, 2017). The same is true for the Montessori approach in
accordance with Montessori principles, preparing new materials and activities suitable
for the needs of the developing age and using them properly in the program is an
important point that should be adopted in child education (Oguz & Koksal-Akyol,
2006). For this reason, in order to apply the Montessori approach in preschool education
programs, there should be educators who have absorbed this approach in the school.
For this, first of all our teachers who are experts in these fields should be trained. The
fact that two approaches are used jointly in the literature and there are almost no studies
on prospective teachers reveals the deficiency in this field.

Montessori Approach

Montessori approach is developed by Maria Montessori. It is based on the
child’s ability to learn in the best and easiest way through self-application (Yiicesan,
2017). The Montessori approach advocates that education is a natural process and the
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child will act according to his inner voice and at his speed so that the child can control
himself and achieve permanent learning (Hobbs, 2008). The aim of the Montessori
approach is to develop self-confidence, initiative, knowing what you want and applying
it, acting independently, problem-solving, making a critical analysis, using creativity
skills, concentration, being organized, helping each other, and respecting others (Oguz
& Koksal-Akyol, 2006). In order to achieve these goals, first of all, to enable the child
to live (learn) on his own without forcing the joy of learning; the second is to help
perfect the learning mechanism (Ozdag, 2014). Montessori schools are designed in a
format that allows children to use the necessary teaching materials and engage in
activities related to daily life without the help of adults. In these classrooms, not the
areas dominated by adults, but the areas where children are independent and to develop
their own control are taken as a basis. Considering all these, all items in Montessori
schools or classrooms, especially tables, chairs and cabinets, were prepared according to
the height of the children (Arslan, 2016). The main goal here is to enable the child to
learn freely by doing, touching, and experiencing. Therefore, it aims to raise qualified
and happier individuals for the future (Korkmaz, 2005). Among the most important
features, what makes the Montessori approach different from other approaches is that it
has its own unique materials developed by the founder of the approach. Montessori
materials accommodate the child’s sensory areas and daily life exercises. Its
applications are based on the principle from simple to difficult and the materials are
interesting, natural, vibrant, and colorful. In the Montessori approach, the individual
freely creates a product by using his / her own creativity (Yiicesan, 2017). In Montessori
education classes, trainings consisting of mixed age groups (0-3 and 3-6 ages in 2
groups) are applied, and activities are generally handled individually or in small groups
(Hobbs, 2008). The materials used in the activities provide corrective feedback and are
grouped into language, senses, culture, mathematics-geometry, art, music, and daily life
materials. The Montessori approach positively affects the child physically and mentally;
attaches importance to all kinds of senses, movements, and language education of the
child; it is an approach that contributes significantly to their physical, social and
emotional development (Dereli, 2017).

STEM Education

STEM is an educational approach in which Science, Technology, Engineering
and Mathematics (Mathematics) are given in an integrated manner (Zhou and Wu,
2010). Bybee (2010) describes STEM education as an approach that teaches from pre-
school to 12" grade by integrating mathematics, science-based engineering, and
technology. The process of using STEM education in lessons starts with teaching
science and mathematics knowledge. Afterwards, they are given a problem situation
where they will use this knowledge and now the engineering design processes begin. As
a result of the applied engineering design process, a product emerges. All this process
and the resulting product are expressed as technology (Yildirim, 2019). The aim of
STEM education is to establish interdisciplinary relationships so that learning can be
carried out in a holistic approach. STEM education aims to enable students to look at
problems from an interdisciplinary perspective and gain knowledge and skills with a
holistic education approach (Sahin, Ayar, & Adigiizel, 2014). To learn the effectiveness
of learning by using the principles of age and learning from simple to difficult,
theoretical information in STEM education transformed into applications, products, and
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innovative inventions (Milli Egitim Bakanligi, 2016). Aslan-Tutak, Akaygiin, and
Tezsezen (2017) stated in the results of their studies that teacher candidates should be
made aware of STEM education before graduating from university, and emphasized that
teachers do not have knowledge in areas other than their own fields and that the
necessary information should be given in these fields because STEM is an
interdisciplinary approach. In Arikan (2018), students who encounter a problem
consisting of many variables in real life may not be able to be solved by learning in
schools according to a single discipline. Therefore, it was stated that conveying the
climate of approaching disciplines as a whole and teamwork with the help of STEM
education will contribute to students’ solving their problems (Timur, Timur,
Yal¢inkaya-Onder, & Kiigiik, 2020).

Montessori Approach and STEM

Preschool children are expressed as individuals with enormous potential such as
engineers and problem solvers (Hadzigeorgiou, 2002). By an awareness of the
importance of early childhood education in the world, including Turkey has been a
significant increase in training programs for this area (Dereli, 2017). Materials prepared
in accordance with the principles of Montessori approach included in these programs. It
provides behaviors and skills that include the willingness and pleasure to work in
collaboration, productivity, focusing attention, questioning, creativity, self-confidence,
analyzing, responsibility awareness, how to solve a problem, and respect for themselves
and others (Durakoglu, 2011). For STEM education, which has common goals, Chesloff
(2013) uses the concepts at the center of STEM, curiosity, analysis, creativity,
cooperation, problem-solving and critical thinking. Therefore, he argues that this
education should begin in the preschool period in order to gain these skills in the
individual and to ensure their permanence. When the literature is examined, two studies
have been found among the joint studies of the Montessori approach and STEM.
Acikgdz (2018), in order to determine the extent to which STEM and Montessori
approaches can be applied in the preschool education program and what their similar
and different aspects are, the views of a total of 14 preschool teachers were examined.
Elkin, Sullivan, and Bers (2014) conducted a study on how the robotics curriculum can
be applied in Montessori classes. The study was carried out by 1 preschool teacher, who
is an expert in the field of Montessori, receiving 3-day training on robotics and applying
it to 19 preschool children in his classroom. One of the studies conducted is a qualitative
study that only takes an opinion on two approaches. The other is a study that includes
only the robotic step of STEM education. In this study, all the steps of STEM education
were applied (STEM with simple materials, STEM with types, and robotic coding). In
addition, different examples of activities were applied at each step. For example, 4
different robots and their coding were made in the robotic step.

The aim of the present study is to contribute to the development of the problem-
solving skills of pre-service preschool teachers with the Montessori approach-based
STEM activities. In addition, it is aimed to train teachers to be qualified on STEM
Education and Montessori approach, which is one of the new education programs, and
to become competent educators who can apply for these education programs in their
courses in accordance with the national education curriculum.

Research questions are as the following:
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1. Do STEM activities based on Montessori approach have an effect on pre-school
teacher candidates’ problem-solving skills?

2. What are the pre-service teachers’ feelings and thoughts about activities?
Method

Research Design

Within the scope of the research, the descriptive pattern of the mixed method
was employed. The mixed-method is collecting both qualitative and quantitative data
resources, combining and associating with the purpose of supporting the study results
with more than one proof (Baki & Gokgek, 2012). The descriptive pattern, in which the
quantitative analysis is dominant, was employed. In descriptive patterns, the
quantitative research is dominant and researchers collect quantitative data and analyse it
first. Then, they collect qualitative data to complete, support and refine these data
(Biiytikoztirk, Kilig-Cakmak, Akgiin, Karadeniz, & Demirel, 2016). In handling
quantitative data, the weak experimental pattern, which is among the experimental
research designs, was applied. The basic purpose of needing this method is to measure
the effectiveness of any “thing” (a new learning method or a curriculum) and to make
suggestions (Biiytikoztiirk et al., 2016). The single group pre-test, post-test design was
created to measure the problem-solving skills of the group in the study.

Study Group

The research was carried out with 50 teacher candidates studying in the 3rd
grade in the pre-school department in a university of a medium-sized city in Eastern
Anatolia. Easily accessible sampling model is used. 15 of the group are boys and 35 are
girls. The study was implemented under the name of Preschool Science Education
course. In the study, the volunteering of the candidates was taken as a basis in the
survey applications. In addition, while determining the group, it was taken as a basis
that they had not received any previous training in these areas.

Data Collection Tools

In the study, Problem Solving Scale developed by Heppner and Petersen (1982)
and adapted to Turkish for the first time by Taylan (1990) was used to determine the
problem-solving skills of prospective teachers in the sample group. The problem-
solving scale consists of 35 items that describe how individuals react to their problems
in their personal and daily lives and how they react (Kaya, 2010). On the scale, there are
6 sub-dimensions: impetuous style, thinking style, evaluative approach, self-confident,
planned approach, and avoidant approach. The reverse items in the scale are items 1, 2,
3, 4,11, 13, 14, 15, 17, 21, 25, 26, 30 and 34. The Cronbach Alpha coefficient of the
scale was found to be .79.

In collecting qualitative data in the study, a semi-structured interview form
consisting of 10 open-ended questions prepared in writing by the researcher for
problem-solving skills was used. The purpose of the questions is to determine the
opinions, feelings and thoughts of pre-school teacher candidates about the activities
carried out in parallel with the quantitative questionnaires. In order to ensure validity,
all items of the problem-solving scale were taken as the basis and analyzed in
accordance with the research purpose. In addition, these questions were prepared in
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order to determine how and in what direction the development of the problem-solving
skills of the candidates, different perspectives and social communication skills of the
activities performed during the process. The comprehensibility and suitability of the
questions prepared were examined by 3 different experts, and then finalized and applied
to 15 volunteers at the end of the process. The interviews were recorded and transcribed
and analyzed by the researcher. Each question is included in the results section under
the heading of table analysis. The questions are given below.

1. The questions related to opinions of the pre-service teachers are “Did these
activities change your perceptions of problem-solving? If yes, can you explain
with an example?”

2. The questions related to opinions of the pre-service teachers are “How did the
Montessori approach-based STEM activities influence your thoughts towards the
problems you encountered?”

3. The questions related to opinions of the pre-service teachers are “Were you able
to reach a common conclusion in solving problems within the group? How did
you do this? What way did you follow?”

4. The questions related to opinions of the pre-service teachers are “Did you
encounter any problems while doing these activities? If yes, how did you solve
the problems you encountered?”

5. The questions related to opinions of the pre-service teachers are “What way do
you follow in case of problems (during the event) you encounter?”

6. The questions related to opinions of the pre-service teachers are “What did you
feel when you could not get the result in any event? Did you think why you
could not reach? Did you try to find a solution? How?”

7. The questions related to opinions of the pre-service teachers are “Did you find
solutions to the problems in the activities? What changes occurredd in your
thoughts and studies when you realised that you had reached the right answer?”

8. The questions related to opinions of the pre-service teachers are “Could you tell
us about the ways to solve the problem situations you encounter in the
activities?”

9. “Can you anticipate the problems you may encounter while doing other activities
yourself after these activities?”

10. The questions related to opinions of the pre-service teachers are “Do you still
try to find new ways, even if you know that you cannot reach the conclusion
about a problem you encounter?”

Process

For the Montessori approach-based STEM activities, which will be applied to 50
pre-school teacher candidates for 14 weeks, the relevant literature was first scanned.
Activities in line with the results; care has been taken to ensure that STEM education
and Montessori approach contain the basic features and common goals. For example,
the ability of teacher candidates to integrate them with different fields by using the
knowledge of their own fields (the dimension of STEM fields integration) and the
excitement that they can create new products in line with the purpose specified in these
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areas (the dimension of creating products freely using the individual’s own creativity of
the Montessori approach), to be used in their professional life and individual
development, attention has been paid to having the qualifications to use its experience
and knowledge to solve problems. If it is stated how the STEM and Montessori
approach is integrated into the activities; the materials in the Montessori approach
applications are interesting, vibrant and colorful. STEM materials also contain a level
encountered in daily life that can attract the attention of the child (plastic bottle, motor,
rope, colored binding cables, cap, plastic cup, etc.). Montessori materials accommodate
the individual’s sensory areas and daily life exercises. Similarly, while selecting STEM
materials, it includes the sensory field and subjects that can be seen in daily life by
making, living, touching. Both approaches contain the characteristic of going from
simple to difficult. In addition, individuals were enabled to solve the problem with their
own ideas without any intervention in case of making mistakes in the activities. There
are 14 activities, and the materials used are composed of materials that will include
different application areas. These are, respectively, from the recycling of simple
materials that can be found in all areas of daily life (for example, discarded plastic
bottles and lids, straws, plastic cups, cardboard boxes, insulating electrical cables, tin
coke boxes, etc.), type (made of starch and colored with food dyes) they are small
sponges in the form of a cylindrical, wetted special cloths are easily glued with each
other by touching them and the desired design is shaped) and robotic-coding design
legos. In this process, it was tried to contribute to the development of the problem-
solving skills of the teacher candidates, to establish a relationship between the
information they acquired and the situations they encountered in daily life, and to create
their own products by building new things. After setting up groups of no more than 4
people, firstly, the short and required level of theoretical information about how to do
about the activity of that week (for example; required mathematics and science
information, showing the figure drawings of the determined activity) were introduced
and the necessary materials were introduced. In the events, activities consisting of
simple materials, robotic coding with legos and type (small, colored, cylindrical sponge-
like materials prepared from corn starch for preschoolers, where designs are created by
sticking together when wetted) studies were done. In applications made for these
purposes, for example, the subject of rain formation and its stages, including science
and mathematics, was given to the candidate. The candidates were asked to create a
product that is entirely up to their creativity by the group in line with the materials and
time given. Later, as an example of those made with simple materials, in the activity
named “energetic glass”, a circuit institution from the candidates, engineering design,
using mathematical measurements to keep balance and a robot using daily materials
such as colored pencils and pet glasses has been asked to design. Again with the given
legos, the group was asked to design the machines in an amusement park that they
encounter in daily life and how these machines work was taught by giving coding
training in the computer environment. The coding activities part covers STEM-based
robotics activities. For example, they have created activities such as a washing machine,
traffic light, carousel with STEM engineered and made STEM-based robotic
applications by coding these designs on the computer. In the twelve weeks of 14 weeks,
they were asked to create products within the scope of the topics determined by the
experts. In the remaining 2 weeks, the candidates were asked to create products within
the scope of the topics and materials determined entirely. For example, a group
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presented the concepts of number from the types by integrating the stages of the
butterfly with the stages of formation, by narrating the design they created.

Table 1
STEM Activities Based on Montessori Approach
Weeks Event names
1 Balloon car
2 Parachute making
3 Traffic light (from a can of coke)
4 Mousetrap car
5 Non-knockdown CD
6 Remote control snake
7 Energetic glass
8 Carousel robot construction (design and robotic coding)
9 Traffic light (design and robotic coding)

10 Washing machine (design and robotic coding)
11 Sensor door (design and robotic coding)
12 Type studies

Activity presentations prepared by the student candidates (STEM activity
13 presentations prepared based on the Montessori approach philosophy by leaving
the subject selection to the candidates.)

Activity presentations prepared by the student candidates (STEM activity
14 presentations prepared based on the Montessori approach philosophy by leaving
the subject selection to the candidates.)

Data Analysis

The quantitative data gathered as a result of the study were analyzed with the
statistical methods. In the analysis of these data, In order to determine any statistical
method in the analysis of these data, considering the histogram graphs and skew
coefficient of all measurements, the compliance of the values with the normality
assumption was checked with the Kolmogorov — Smirnov test (the sample was taken
into account because the sample number is over 30) in order to determine whether the
data shows normal distribution or not (p>.05). The graphs and values emerged to
indicate that the data show normal distribution. Paired samples t-test was applied to
determine whether there was a significant difference between the problem-solving
scores in the sample group pretest and posttest results. In the paired samples t-test, pre
and post-test averages are compared on the same sample group (Can, 2016).

Qualitative data were subjected to content analysis. In these analysis methods,
codes and relevant categories are created from the interviews made by the researcher.
In the content analysis, the data were analyzed in four stages: coding the data, finding
the categories, organizing-defining the codes and themes, and interpreting the findings
(Yildinnm & Simsek, 2008). Interviews were made with 15 people. More than one code
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was created in some versions of some of the students. The interview data were recorded,
transformed into text, and analyzed in accordance with the stages of content analysis.
The codes and categories created in the validity and reliability dimension of the data
analysis were analyzed by 4 different experts and the results were combined.

The equation P = (Na x 100) / (Na + Nd) (P: percentage of agreement, Na:
amount of agreement, Nd: amount of disagreement) stated by Miles and Huberman
(1994) was used. The percentage of agreement calculated by the researchers was found
to be 75%. It was stated by Yildirnm and Simsek (2008) that when the agreement
percentage in the reliability calculation is 70%, it can be assumed that the reliability
percentage has been reached.

Ethics Committee Information

Erzincan University Human Rights Ethics Committee is a study dated
30.11.2017 and numbered 09/09. In the study, volunteer individuals in the sample group
selected to collect data were informed about the subject by signing a consent form.
None of the actions against the Scientific Research and Publication Ethics have been
carried out and all the rules in the Higher Education Institutions Scientific Research and
Publication Ethics Directive have been followed.

Findings
The quantitative and qualitative findings gathered in the research are presented
in tables with their interpretations below.

The paired samples t-test results for the pre and post-test scores of the problem-
solving skills of the pre-service teachers are presented in Table 2. The paired samples t-
test was applied to determine the effect of activities on the problem-solving skills of the
pre-service teachers and to find out the significant difference between the pretest-
posttest scores. In the results of the test, it was observed that there was a significant
difference between the scoring average (pre-test=139.20) before the application and the
average (post-test=151.10) after the application (t(49)=-3.383, p<.05). Thanks to this
significant difference, it can be claimed that the education given developed the problem-
solving skills of the preschool pre-service teachers. In order to analyze the qualitative
data, each question is analyzed separately and a table is created and interpreted below.

Table 2
The Paired Samples T-Test Results Related to Problem-Solving Skills.
Measurements n X SS t sd p
50 139.20 18.67
Pre-test
-3.383 49 .001
Post-test 50 151.10 19.51
p<.05
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Table 3

Paired Samples T-Test Results for Sub-Dimensions of the Problem Solving Skill Scale
Bottom Dimension Measurements N X Ss t p
Impetuous style Pre-test 44 34.95 5.96 -4.513 .000
Impetuous style Post-test 44 40.63 6.30
Thinking style Pre-test 48 23.56 3.75 -.443 .659
Thinking style Post-test 48 23.85 4.0
Evaluative approach Pre-test 48 27.50 4.64 -1.174 .246
Evaluative approach Post-test 48 28.54 5.31
Self-confident Pre-test 50 19.48 3.12 .061 951
Self-confident Post-test 50 19.52 3.48
Planned approach Pre-test 49 13.42 3.00 -2.643 011
Planned approach Post-test 49 14.83 2.0
Avoidant approach Pre-test 48 18.31 3.45 -.891 417
Avoidant approach Post-test 48 18.89 3.82

Lower dimensions (1: Impetuous style, 2: Thinking style, 3: Evaluative approach, 4: Self-confident, 5:
Planned approach, 6: Avoidant approach)

Paired samples t-test results for detecting the difference between pre-test and
post-test scores of 6 sub-dimensions of the pre-service teachers’ problem-solving skills
scale are shown in Table 3. In the results of the test, there was a statistically significant
difference in the 1st and 2nd sub-dimensions (p<.05), while no difference was found in
the 2, 3, 4, and 6th dimensions (p>.05).

Table 4

The Opinions of the Pre-Service Teachers Related to the Question “Did These Activities
Change Your Perceptions of Problem-Solving? If Yes, Can You Explain With An
Example?”

Category Code Name Frequency (f)

Trial and error 3

. Scientific overview 3

Method and Technique . .
Different solutions 2
Problem-solving 1
Clearance of prejudices 4
Individual Qualification Dealing with the problem 3
Self-confidence 2
Other 4
Total 22
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In Table 4, the answers of the teacher candidates regarding the question are
given and 3 separate categories have been created. In the category of method and
technique; the statements about the positive thoughts and problem-solving methods
provided in the perceptions of the pre-service teachers in solving a problem after the
activities were included. The candidates stated that they did not deal with a problem
(especially about science) before the training, even if they did not find it, they stopped.
However, after this training, they constantly learned to develop different perspectives on
the problem, tried by making trial and error, found new ways, learned from their
mistakes and succeeded in reaching a solution by offering different solutions to the
problem that will arise in the next event, and they learned to look at the problems they
encountered from a more scientific perspective have done.

In the individual qualification category; Statements containing the contribution
of positive effects on candidates’ perceptions in solving a problem after the activities to
their competencies were included. In this category, the candidates included opinions
stating that their prejudices such as not being able to do or not being able to solve any
problem were demolished and their self-confidence increased in problem-solving, each
activity they made facilitated the next one and that they could overcome the problems.

In the category of ‘other’, some pre-service teachers stated that they did not have
a very in-depth effect on their perceptions about the problem as they found the training
given short.

Some of the preservice teachers’ views on the question are given below.
“...We are purified in our prejudices. We learned that there is nothing we cannot do...”

“... Sure. For example, the teacher liked the binding system we use in the traffic light event,
which led me to create new roads. It allowed me to gain different perspectives...”

“... Provided. While I used to find a solution to a problem, now | wonder if I can find different

solutions...”

In Table 5, the answers of the teacher candidates regarding the question are
given and 6 separate categories have been created. In the learning category; pre-service
teachers teach that the activities teach how to find different solutions and perspectives
for the solution of a problem, to deal with different aspects of the problem, to reach the
solution of the problem carefully, patiently, by making mistakes, step by step, to learn
by living by doing one-to-one and to use concrete expressions suitable for children they
stated.
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Table 5

The Opinions of the Pre-Service Teachers Related to the Question “How Did the
Montessori Approach-Based STEM Activities Influence Your Thoughts Towards the
Problems You Encountered?”

Category Code Name Frequency (f)
Different perspective 5
Be patient 3
Learning By doing 2
Use of electronic tools 1
Embodying abstract issues 1
Mental activities 8
Thinking Skills Abstract and versatile 5
Generating hypotheses 1
Fixing social relationships 3
In Terms of Social Cooperation 2
Perspectives Sharing 1
Don’t listen 1
In Terms of Education Preschool period 2
Opportunities Career 1
By trying and wrong 2
Product Creation Following the stages 2
Methods Going from part to whole 1
Putting the problem on the versatile table 1
Noticing the situation 4
Awareness Level Helps in solving problemsThe beauty of education 3
1
Total 50

In the category of thinking skills; the candidates stated that various thinking
skills for any problem were developed after the activities. In other words, they stated
that their mental thinking activities developed in the face of a problem situation, they
thought more creatively and critically, they could think abstractly and put forward many
hypotheses in the face of the problem, and they were able to use their versatile thinking
skills to create the product in the light of these hypotheses.

In the category of social aspects; they stated that the activities performed
positively affect their social skills, for example, they reached the result more easily by
making collaborative practices in the face of the problem. They also stated that thanks
to these activities, they listened patiently and respectfully to each other, shared
information and overcome the problem in solidarity because they were doing as a group
to solve a problem, and their negative thoughts towards their groupmates decreased
(their social relations improved).

In the category of educational opportunities; the candidates stated that the
Montessori approach-based STEM activities are suitable for preschool children and
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teachers can easily apply these activities in their professional lives. They also talked
about the importance of providing the child the opportunity to find the problem that
arises in any activity.

In the category of product creation methods; the candidates talked about the
methods they have used to reveal the product against the problems during the activities.
They stated that they gained experience from the mistakes they made for the problems
they made, that they progressed carefully while making the product, that they discussed
the problem from many aspects and strived for its solution, reached from the piece to
the whole and made very good products by trial and error.

In the awareness category, the candidates talked about the beauty of the
activities, the benefits they provided to them, and their awareness of a situation.

They stated that it helps them develop their ability to create different solutions in
the solution of a problem and design remarkable products.

Some of the preservice teachers’ views on the question are given below.

“... I didn’t know about STEM. Especially that it can be applied in the pre-school period.. then
we found and started to use examples that we learned in our presentations...”

“...It was a very good education. It helps us a lot in problem-solving. Before we started an
activity, we produced something about it, then we posed a problem. Then we got it resolved. It
helped a lot in these matters...”

“... Montessori is already an education in itself. Once, it offers children learning by doing. Our
aim is to find the problem for the child and find the result himself. It activates the thoughts and
mental activities of the child as it gives this opportunity...”

Table 6

The Opinions of the Pre-Service Teachers Related to the Question “Were You Able to
Reach A Common Conclusion in Solving Problems Within the Group? How Did You Do
This? What Way Did You Follow?”

Category Code Name Frequency (f)

~

Collaborative work
Social Competence Joint decision making
Business departments

Achievement
Joint solution
Respect for ideas
Mental Achievements Presenting ideas
Don’t try ideas
Logic

P NN B B OO OO O

Recognizing mistakes

Don’t put effort
Not give up
Behaviour Calm
Getting information

N e e e

Product satisfaction

Total

N
[e0)
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Table 6 includes the answers of the teacher candidates regarding the question
and 3 separate categories were created. In the social competence category; the teacher
candidates are able to make group decisions in solving the problems that arise during
the activity, and while doing this, they can work collaboratively, come together as a
group to reach common decisions and conclusions, allow the implementation of every
opinion put forward, the method they use such as creating a team spirit and the
behaviors they pay attention to.

In the category of mental acquisitions; it includes expressions about what the
ideas and methods they produce in solving the problem mentally bring. The preservice
teachers stated that they offered everyone their ideas to reach the solution of the
problem, they cared and tried all the ideas, they found the mistakes as a result of the
experiments, and they achieved success in the solution by combining the common
decision taken by the group with the ideas found to be correct and logical.

In the behavior category, the behaviors of the teacher candidates during the
implementation phase of the common decisions they take to reach the result are
included. Statements were included stating that each member of the group made an
effort to achieve a result, that they acquired information focused on revealing the
product, that they maintained their calmness in case of negative results, and they made
trials until they reached the result again and again, and that they wanted the product to
be satisfied for every member of the group.

Some of the preservice teachers’ views on the question are given below.

“... In the early days, I was saying everyone should listen to my opinion. But after listening to
me, | saw that we got the wrong conclusions. Later, | learned to act with the group and make
joint decisions. Because sometimes someone else can see something that | do not see...”

“...There was teamwork. We used to divide work. We would try and respect everyone’s opinion
among ourselves and we took whatever happened...”

“... There were some difficulties with different people at first, but this was a group work and
somehow we had to make sacrifices and meet common results and we succeeded...”

“...We always decided as a group. Everyone has come up with their minds. We did it according
to who got the most votes...”

Table 7 includes the answers of the teacher candidates regarding the question
and 3 separate categories were created. In the problem-solving category; candidates
applied for expert help to solve the problems that arise in the activities (for example,
lack of material, lack of theoretical knowledge, inability to reach a result), they tried
different ways by taking different opinions of the group members, they tried to notice
their mistakes by doing the activity again and again, that they joined together as a
group, helped them in their own field. They stated that they made use of the knowledge
and science-mathematics knowledge, followed the instructions in the guides given in
some activities and reached a solution by using trial and error methods considering
different possibilities.
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Table 7

The Opinions of the Pre-Service Teachers Related to the Question “Did You Encounter
Any Problems While Doing These Activities? If Yes, How Did You Solve the Problems
You Encountered?”

Category Code Name Frequency (f)

a1

Group collaboration
Expert assistance
. Try different ways
Problem Solving inf i
nformation
Guidelines

Correcting mistakes

Be patient
. Competition ambition
Attitudes Towards Problem N
Competition pleasure

Strain

Inability to place materials

B N R P NN R R WM D

Problems .
Lack of material

N
[op}

Total

In the category of attitudes towards problem; statements stating the candidates'
attitudes towards the problems they encountered were included. They stated that even if
they have difficulties in the face of problems, they never give up with the ambition to
reach results and compete, they tried hard again and again patiently, and they did it by
enjoying the excitement of the competition.

In the category of problems, the problems that the teacher candidates
encountered in the activities were included. These problems are the lack of material and
the difficulties they experience in material placement.

Some of the preservice teachers’ views on the question are given below.
“...We met. We solved them by helping each other. We found it by trying different ways...”

“...Yes. For example, when we were making materials, we did it first in the balloon car event,
but the car was not driving fast, we used science knowledge in this problem. In other words, we
used smaller and lighter materials due to speed and usage. In this event, we learned that the
more we reduce the friction, the faster it goes...”

“..I had difficulties in making materials with some simple materials, but since there are
competitions or something that adds pleasure to the lesson, we quickly resolved the problem as a
group...”

Table 8 includes the answers of the teacher candidates regarding the question
and 2 separate categories were created. In the category of problem-solving methods; the
methods applied by the candidates to solve the problems they experienced during the
activity were mentioned. In other words, they first determine the problem situation in
the face of existing problems and if there is missing material in the activity, they remove
the missing part by making different designs with other materials in their possession to
provide it, they make a group meeting and distribute work and tasks for the problem,
make a literature review or consult expert opinions, statements were included stating
that they tried to determine different hypotheses for the solution and tried to determine
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them by trial and error and that they tried to detect the error by looking at the guides and
proceeding step by step.

Table 8

The Opinions of the Pre-Service Teachers Related to the Question “What Way Do You
Follow in Case of Problems (During the Event) You Encounter?”

Category Code Name Frequency(f)

©

Expert opinions
Group meeting
Work sharing
Elimination of missing materials
Generating hypotheses
Problem Solving Methods Guu?es
Retries
Literature review
Step by step progress
Identifying the problem

Understanding the problem

R R R R R NN W W

Do not ask me question

Respect for ideas
Brainstorming
Skill-Knowledge Hand skill
Area information

N = = AN

Designing different parts

Total

(62
o

In the knowledge-skill category; they talked about the methods used by pre-
service teachers in problem-solving and the knowledge-skills they gained as a result.
Individuals stated that they gained the skills of generating different ideas, designing
different pieces by brainstorming as a group against the problem, gained the skills to
respect each other's views, and again, in order to reach a solution, they consulted the
ideas of their friends, whom they trusted in their field knowledge and manual skills.

Some of the preservice teachers’ views on the question are given below.

“...With divisions of labor within the group. After the first weeks, our problems decreased as we
got to know each other. As a group, we listened to everyone’s ideas and distributed tasks...”

“...First I determine the problem. Then I proceed step by step. STEM taught me this already. I
grasp the problem, proceed step by step, and reach the result...”

“...In our group friends, we turned to everyone according to their own hand skills and
knowledge in the field. For example, one of them collected materials, the other detected the
missing materials, and the other produced a solution to the problem by using field information...”
In Table 9, the answers of the teacher candidates regarding the question are
given and 2 separate categories have been created. In the attitude category, the attitudes
that include the feelings of the candidates when they cannot produce products while
performing the activities are included. These; when candidates do not reach the result,
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they stated that they were depressed, they were very upset, they were angry, they always
continue with the ambition to reach a result, they felt bad and they had a hard time
reaching a solution. When they reached the result, they stated that they had good
feelings.

Table 9

The Opinions of the Pre-Service Teachers Related to the Question “What Did You Feel
When You Could Not Get the Result in Any Event? Did You Think Why You Could Not
Reach? Did You Try to Find A Solution? How?”

Category Code Name Frequency (f)

Do not be sad 3

Getting angry 3

Attitude Strain 2
Good feelings 2

Ambition 1

Solidarity

. . Learning by doing
Creating Solutions .
Stage Review

N BB~ O

Exchange of ideas

Total 26

In the category of generating solutions, they stated the solutions that the teacher
candidates applied when they could not reach the result. These; they stated that they
received help from experts, senior classmates, groupmates and friends in other groups
who were knowledgeable about the subject, they tried to find the existing mistakes by
constantly starting the construction of the activity, they tried to find the existing
mistakes, they tried different ways by exchanging ideas within the group, and they
found solutions by correcting the mistakes.

Some of the preservice teachers’ views on the question are given below.

“...I was very sad when you couldn’t. Of course, | thought about the solution. I disassembled it
and did it all over again. | reviewed the stages again...”

“...We had a hard time when we couldn’t reach a result. Then we went back over and over
again. We corrected our mistakes and came to a conclusion, which was a very good feeling.
Even if we were forced, it was beautiful. Seeing our own mistakes and correcting it ourselves,
trying again, exchanging ideas on our mistakes as a group...”

“...I got so angry when I couldn't reach it. I said I should definitely arrive. Then I thought and
tried to find different ways and reached...”

The answers of the teacher candidates related to the question are given in Table
10 and 2 separate categories have been created. In the readiness category; the candidates
stated that they have feelings that increase success such as happiness and self-
confidence that comes from reaching the right results by producing solutions to the
problems that occur and that all these feelings positively affect their level of readiness
for the next event so that they expect the next event with even more enthusiasm,
determination, curiosity, and excitement. They also stated that they enjoyed what they
did and that all this motivated them.
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Table 10

The Opinions of the Pre-Service Teachers Related to the Question “Did You Find
Solutions to the Problems in The Activities? What Changes Occurred in Your Thoughts
And Studies When You Realised That You Had Reached the Right Answer?”

Category Code Name Frequency (f)

~

Don’t make you happy
Self-confidence
Readiness Excitement
Success
Perseverance

Finding a solution

. Request to move on to the next step
Attitude .
Product design

N W B~ © DD DN DN B

Active participation

w
a1

Total

In the attitude category; similar to the statements in the readiness category, as
the candidates overcome the problems, everyone in the group actively participates in the
activity against another problem, they want to find new things in constant search, they
want to design different ideas and products, develop solutions, desire to do their best
and they stated that they constantly strive to move on to the next stage.

Some of the preservice teachers’ views on the question are given below.

“...Of course. We set out on a road and finally reached the right path, and this increases people’s
enthusiasm and makes them happy. Most importantly, you say ‘I did it’...”

“...Yes. It excites me to have a lot of effort and to move forward. And it motivates the event to
be held next week...”

“...Yes. I tasted the sense of success. For example, | am building a machine; light is on, it
sounds and moves. | had the pleasure of designing something. This also increased my self-
confidence towards the work...”

“...When one finds the truth, one starts to study other ideas. In other words, I come up with
different ideas such as | mean this is happening in this and if I combine this and this, I can reach
this conclusion...”

Table 11 includes the answers of the teacher candidates regarding the question
and a single category was created. In this category; the methods applied for the solution
of the problems arising during the activities were mentioned. The candidates applied to
the science field for the solution of the problem that emerged, if there were any missing
materials, they closed the gap by designing that material from other materials
themselves, they proceeded by trying the group views put forward and correcting the
mistakes, they tried to influence the juries who would evaluate the product by keeping
the verbal defense of the designs strong, they stated that they consulted experts and
checked the stages by looking at the given guides.
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Table 11

The Opinions of the Pre-Service Teachers Related to the Question “Could You Tell Us
About the Ways to Solve the Problem Situations You Encounter in the Activities?”

Category Code Name Frequency (f)
Science knowledge 4
Missing part design 2
Group comments 2
Troubleshooting Ways Trial and error way 1
Oral defense 1
Expert opinions 1
Guides 1
Total 12

Some of the pre-service teachers’ views on the question are given below.

“...For example, there was no wheel on the balloon car. Everyone had bought the wheel before,
it was not up to us. That’s why we couldn’t maintain balance, so the air was wasted. That’s why
we designed wheels that can enter thereby combining two different circle shapes. So we solved
the problem...”

“... For example, we made the way for it to go fast in the car event, we first made it for a long
time and then looked at it. We broke it and shortened it and solved the situation where it goes
faster...”

“...We discussed the problem with our group friends. Then we looked at the guides, checked the
stages over and over and we did it....”

Table 12

“Can You Anticipate the Problems You May Encounter While Doing Other Activities
Yourself After These Activities?”

Category Code Name Frequency (f)
Experience 4
Sensing danger 3
Critical Thinking Tendency Measure-prevention 3
Enough information 3
Don’t be fast 1
Partially 3
Other s
Distribution of work 1
Inability to guess 1
Total 19

Table 12 includes the answers of the teacher candidates regarding the question
and 2 separate categories were created. In the category of critical thinking disposition;
they stated that the candidates had the ability to anticipate the dangers of a problem they
will encounter as a result of the activities given, in other words, critical thinking
disposition behaviors. Having enough information about these trends and how they
emerge, to have enough information about the activities they will do, to be able to
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anticipate the danger in advance and take the necessary precautions, and to make
preparations for the next steps, to learn from their mistakes in their activities, that is, to
be able to move faster to the next by experience and now a lot of information is settled
in their minds.

In the other category, only one of the candidates stated in his answer to the
question that he could not sense the problem beforehand, but he made sense when this
problem happened to him. On the other hand, 3 people stated that they could partially
sense the problem and take measures, depending on the type of problems that may arise.
On the other hand, the job distribution code stated that individuals overcame the
problem by making divisions of work according to the status of group members among
themselves.

Some of the preservice teachers’ views on the question are given below.

“...We know what to do, when the professor gives the draft, we look at it first and, as an
estimate, we do what is necessary immediately... We do business segments, for example, to be
fast...”

“...0f course. I made this mistake here before, but I am preparing myself for the next one, in
order not to make the same mistake again...”

“...Yes. This situation is about experience. So, our prediction increased with this training. We
are more cautious against problems so...”

Table 13

The Opinions of the Pre-Service Teachers Related to the Question “Do You Still Try to
Find New Ways, Even If You Know That You Cannot Reach the Conclusion About A
Problem You Encounter?”

Category Code Name Frequency (f)

Struggle 9
Don’t try to the end
Verbal defense
Claim
Method
Group supports
The quest

Move forward

R N NN B 0w

Disagreement

Don’t hope
Feeling — Thought Don’t be frustrated

= NN

Not giving up

Total 35

In Table 13, the answers of the teacher candidates regarding the question are
given and 2 separate categories have been created. In Method - Method category; the
candidates talked about the efforts and methods they have made to reach the result for
the solution of the problem. All of the candidates stated that they had a feeling of
constantly producing new things and trying to achieve a solution in the face of the
problem. For this, the group members stated that they constantly support each other, try
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to produce different ways, use their time until the last minute and do their best, conduct
specific theoretical researches, and always want to move their products forward, that is,
to a higher level.

In the Emotion-Thought category, codes indicating the pre-service teachers'
feelings and thoughts when they could not reach a solution in the face of a problem
were included. In the face of this situation, the candidates; first of all, even if they were
disappointed, they always kept their hopes alive and they tried to find different ways
again without giving up, one person stated that after trying all the ways, he started to get
bored and left the solution of the problem to his other friends.

Some of the preservice teachers' views on the question are given below.

“...Even if we could not reach a good result, we thought of new ways. Our material was not very
good, but we said that if we defend it well, we can succeed and we won the second place...”

“...Itried to the end. I tried until the last drop. But I think these are about supporting each other
as a group. If only one person did, he would surely give up. We have given each other a lot of
support so that we can do it; they did it, we gasped to each other why we couldn’t do it and we
achieved good results...”

“...We have already done this with this training. Our teacher did not like what we did at first.
We were disappointed, but we did not despair, we added something to it and presented it and
succeeded in being the first...”

Result and Discussion

It was determined at the end of the quantitative analysis that STEM activities
based on the Montessori approach improved the problem-solving skills of pre-school
teacher candidates and it was observed that this result was supported by the qualitative
analysis. It can be interpreted that the activities carried out in line with the analysis
results were effective in developing the problem-solving skills of prospective teachers.
It supports the results in the literature that STEM education improves the problem-
solving skills of the individual. Sungur-Giil and Marulcu (2014) stated in their study
results that teachers, an engineering-design-based course would commonly improve
students’ psychomotor, problem-solving and social thinking skills. Elkin et al. (2014)
conducted research on how to apply the robotics curriculum in early childhood
Montessori classes. In the results of the study, they prepared a report that includes
robotics education can be effective in preschool and how it should be integrated into
lessons. Strong (2013) stated in his study that STEM education improves scientific
process skills. Sullivan (2008) stated that robotics and science literacy education
contributed to the development of students' thinking and scientific process skills. In
Kaya (2010) and Koékdemir (2003) studies, STEM education included ideas and
conclusions stating that it will provide an interdisciplinary perspective, improve
problem-solving, engineering design and creativity skills, and increase students’
interest-motivation towards courses.

The qualitative analysis results collected with the semi-structured interview
forms of the study also appeared to support the quantitative result, that is, the activities
developed the problem-solving skills. The candidates stated that they achieved positive
changes in their perceptions and skills about problem-solving after the activities. They
stated that thanks to the activities, they learned not to give up in the face of problems
and to develop different scientific perspectives on the problem with their experience.
They stated that their prejudices such as not being able to solve the problem were
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destroyed, their self-confidence increased, their motivation and knowledge (success)
towards science lessons increased. In a study supporting the results, Judson (2014)
found a significant difference in terms of academic achievement between the STEM-
applied experimental group and the non-applied control group as a result of the
experimental and control group research on students' academic achievement of STEM
applications. Cevik and Abdioglu (2018) examined the effect of a science camp on 8th-
grade students' STEM achievement, science motivation and metacognitive awareness.

As a result, they found that STEM activities significantly increased STEM
achievement and that STEM achievement had a high level of correlation with science
motivation and metacognitive awareness. Bakirct and Kutlu (2018) examined the
opinions of science teachers about STEM education. As a result, the teachers stated that
STEM education would increase students’ interest and motivation towards the course,
gain different perspectives and improve their decision-making skills. Yildirim (2019)
stated in his study, which included the opinions of pre-service science teachers about
biomimicry applications in STEM education, that the candidates had different
perspectives thanks to the activities and that their motivation increased by producing
solutions in the face of problems.

Among the qualitative results of the study, they stated that acting as a group in
solving a problem in activities positively affected their social skills and communication
skills. The studies of Tarkin-Celikkiran, and Aydin-Giinbatar (2017), which supports
the positive results of working as a group in the research; they stated that the teacher
candidates who will be trained with STEM activities will be more successful in creating
interdisciplinary connections. In addition, they stated that doing STEM practice with
group interactions with friends while solving problems was more positive. Akgiindiiz
and Akpmar (2018) stated that in STEM education study results, students gained
science and mathematics achievements with STEM applications in preschool education;
they found that it developed 21st-century skills such as creativity, critical thinking,
collaboration, and communication. In addition, in this study, they stated that STEM
education practices developed creativity and communication skills in children,
especially during the engineering design cycle, by presenting original ideas and
evaluating alternative solutions that emerged from different ideas. Kececioglu (2015)
researched the effect of Montessori approach on social development skills of the
individual compared to normal education and recorded positive results. Ceylan (2014)
supports the research results by stating that STEM education improves students’
creativity, academic achievement, and problem-solving skills. Kogyigit and Kayili
(2008) conducted a study to compare the social skills of kindergarten children who
received an education with the Montessori approach and received an education with the
normal curriculum. According to the results of the study, they stated that kindergarten
students studying with the Montessori approach observed that there was a significant
difference in social cooperation, social interaction, and social independence sub-
dimension scores from kindergarten students who received education according to the
normal curriculum. In the study, teacher candidates stated that doing collective activities
in cooperation in the face of a problem leads to a result more easily. Again, thanks to
these activities, the candidates stated that they overcame each other with patience and
respect, exchange information and overcome in solidarity as they did as a group to solve
a problem and that their negative social relations towards their groupmates improved.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(2), 93-119



The Investigation of the Effect of Montessori Approach-based... 115

Finally, in the qualitative results of the study, prospective teachers stated their
opinions regarding the suitability of STEM activities to preschool children. They stated
that these activities can be applied easily due to their remarkable, fun and curious
features, and some of them stated that the dimensions of the materials used are suitable
for the child's muscle skills, that is, if the safety of the materials such as adhesives is
ensured, they will be more suitable for children.

Hartzler’s (2000) study, which supports the results, concluded that the
mathematics and science activities taught in consideration of engineering design
increase the student’s interest in the course, desire to learn and succeed, supports the
qualitative results of the study. Doppelt, Mehalik, Schunn, Silk, and Krysinski (2008)
stated in their study that STEM education has a very important place in increasing
students’ interest in science, desire to learn, and succeed. Akins and Burghardt (2006)
investigated the application of mathematical reasoning in solving a design-related
problem in their research with middle and high school students, titled Developing K-12
mathematical understanding through engineering design projects. As a result, they
stated that progress was observed in all students’ mathematics and science tests, and
although there were no significant changes in the scores of some of the students who
participated in engineering activities, these students improved their skills in analyzing,
explaining, commenting or reasoning about mathematics, science, and technology.

Recommendations

This study was carried out with the pre-service teachers at the third class of
preschool teacher training department of the faculty of education in a state university.
New researches to be conducted based on this study can be carried out on different
faculties and classes (except for 4th-grade students; the pre-service teachers are not able
to focus adequately on activities because they concentrate on the KPSS). This study can
be carried out for longer periods. Moreover, the fact that the study took place in a
university and was completed within a certain period of pre-school science education
course also created a limitation in discussing the effects of the study. Instead of
considering the Montessori approach-based STEM applications developed by the
researchers in a limited way within the pre-school science education course, it can be
recommended to be given to pre-service teachers as a lesson.

Statement of Responsibility

Zehra Cakar; planning and implementation of activities, analysis, methodology,
resources, literature review, formal arrangement, verification, reporting, writing -
reviewing and inspection. Sema Altun-Yal¢in, Determination of problem situation,
determination of sample group, determination of activities, planning and
implementation of activities, selection and application of data collection tools,
verification, analysis.
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