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Abstract

The main purpose of this study is to evaluate the findings of science teachers' STEM lesson plan preparation
skills and self-assessment forms and to examine their views on STEM applications. STEM education is an
effort based on the integration of science, technology, engineering, and mathematics to help individuals
gain economic strength, enabling them to find solutions to real-life problems using the steps of scientific
process. In the spring semester of the 2019-2020 academic year, science teaching at a public university in
Ankara was carried out with 18 preservice science teachers (17 females, 1 male) who were studying in the
4th grade. Case study method was used from qualitative research methods within the scope of the study.
The preservice science teachers who formed the study group primarily received basic STEM education and
studied STEM studies. Preservice science teachers were asked individually to prepare STEM lesson plans
that included environmental issues in the secondary school science curriculum. In the study, it is seen that
most preservice teacher do not receive STEM education. Preservice teacher who are practitioners of the
STEM approach can be provided with STEM education with courses to be given during the undergraduate
period. In this study, when the views of teachers and preservice teacher are examined, it is understood that
there should be projects and studies supporting STEM education activities in their university life.
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0z

Bu ¢alismanin temel amaci, fen bilimleri d6gretmenlerinin STEM ders plani hazirlama becerileri ve 6z
degerlendirme formlarina iligkin bulgularini degerlendirmek ve STEM uygulamalarina iligkin goriislerini
incelemektir. STEM egitimi, bilim, teknoloji, miihendislik ve matematigin biitiinlestirilmesine dayali,
bireylerin ekonomik gii¢ kazanmalarina yardimci olmak, bilimsel siire¢ adimlarini kullanarak gergek yasam
problemlerine ¢6ziim bulmalarini saglamak igin yapilan bir cabadir. Caligma; 2019-2020 Egitim-Ogretim
yil1 bahar déneminde Ankara'da bir devlet liniversitesinde fen bilgisi 6gretimi géren 4. sinif 18 fen bilgisi
ogretmen adayr (17 kadm, 1 erkek) ile gergeklestirilmistir. Arastirma kapsaminda nitel arastirma
yontemlerinden durum ¢aligmast yontemi kullanilmistir. Calisma grubunu olusturan dgretmen adaylari
oncelikle temel STEM egitimi almis ve STEM c¢alismalar1 okumustur. Fen bilgisi 6gretmen adaylarindan
bireysel olarak ortaokul fen bilimleri miifredatinda cevre konularini igeren STEM ders planlari
hazirlamalar1 istenmigtir. Arastirmada o6gretmen adaylarinin ¢ogunun STEM egitimi almadigi
goriilmektedir. STEM yaklasiminin uygulayicist olan 6gretmen adaylarina lisans doneminde verilecek
derslerle STEM egitimi verilmelidir. Bu ¢alismada Ogretmen ve Ogretmen adaylarmin goriisleri
incelendiginde iiniversite yasamlarinda STEM egitimi faaliyetlerini destekleyen proje ve caligmalarin
olmasi gerektigi anlagilmaktadir.

Anahtar Kelimeler: Bilim; Ogretmen aday1; Fikir; Oz degerlendirme; STEM
INTRODUCTION

In a world where technology is constantly changing through innovation, education
policies are also parallel the trend of globalization. An international approach is needed
in which science and technology are more supported so that countries can find solutions
to many global problems such as climate change, population density, reduced energy
resources, and reduced water resources. One of these approaches is STEM which consists
of the integration of Science, Technology, Engineering and Mathematics disciplines
(Stohlmann, Moore, & Roehrig, 2012).

For more than 10 years, interest in STEM has increased in terms of both education and
workforce. However, despite the current global interest, no universal definition has been
formed (English, 2016). STEMhas been described as "students gaining knowledge and
skills using different disciplines” or a "learning approach™ (Honey, Pearson, &
Schweingruber, 2014). STEM is also defined as an effort to combine the disciplines of
science, technology, engineering, and mathematics with a single class, unit or lesson

based on links between real-world problems (Moore & Smith, 2014).

STEM education is the name of an integrated effort that removes traditional barriers
between disciplines, focuses instead on the process of solution complex problems using

existing tools and technologies. STEM education requires programs that integrate
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technology and engineering into the science and mathematics curriculum, also promotes

the scientific research and engineering design process (Kelley & Knowles, 2016).

The STEM approach has two goals (Thomasian, 2011). These are to increase the number
of individuals want to do careers in science, technology, engineering, and mathematics
and increase the STEM knowledge of individuals. The second goal is important for
students to be able to evaluate problems, use STEM concepts and find creative solutions
in everyday life. The strong emphasis on the application of information underscores the
philosophy of using STEM knowledge in STEM disciplines and studies in non-STEM
fields (Thomasian, 2011). One of the goals of STEM education is to encourage
individuals to become "STEM literate”. STEM literacy, linking science, technology,
engineering and maths disciplines aim to build different skills for each area. The first of
these goals is scientific literacy which is the ability to use scientific methods to understand
the natural world and accept the variables that affect it. The second is technology literacy
which can use, manage, understand, evaluate technology, and analyze how new
technologies affect our country. The third is engineering literacy which is formed by the
effective use of engineering design processes and scientific and mathematical principles
such as design, production, and operation of machines. The fourth is mathematical
literacy which is the ability of students to come up with, formulate and solve solutions to
mathematical problems in various situations, effectively analyze their ideas when
interpreting, reason (APA, 2010).

STEM education and engineering practices contribute to the development of self-
confidence of individuals. It provides the development of high-level skills such as logical
thinking, problem solving, critical thinking. It allows the information they learn in
individuals to be permanent, to associate the newly learned information with their
previous knowledge, in short, to gain an interdisciplinary perspective. It allows
individuals to develop their creativity in areas such as prototyping and designing which
are the steps of engineering applications (Morrison, 2006).

It is reported that digital games can effectively promote and improve students' learning
achievement in STEM education and improve our understanding of the application and

practice of digital games in STEM education (Wang, Chen, Hwang, et al., 2022).
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When studies with preservice teacher in STEM education are examined there are not
many studies aimed at examining the skills of preservice science teachers to prepare
STEM lesson plans (Arslanhan & Inaltekin 2020; Bannikova, Boronina, & Kemmet,
2016; Bektas & Aslan, 2019; Bozkurt Altan & Ugiinciioglu, 2019; Giileryiiz, Dilber, &
Erdogan, 2019; Kizilay, 2018; Oztiirk, Y1lmaz Tiiziin, & Cakir Yildirim, 2019; Schulz &
Pinkwart, 2016; Timur & Belek 2020; Ugiinciioglu & Bozkurt Altan, 2018; Yildirim,
2017; Yildinm & Tiirk, 2018; Walan & Gericke 2021; Wang et al. 2022).

The main purpose of this study is to evaluate the findings of science teachers' STEM
lesson plan preparation skills and self-assessment forms and to examine their views on
STEM applications. In line with the study, the following research problems were seek

answered:

1. What are the opinions of preservice teacher on STEM applications at the end of
the study?
2. What are the findings of the self-evaluation forms of the preservice teacher at the
end of the study?
3. What are the findings of teacher candidates' STEM lesson plan preparation skills?
1. METHODOLOGY

Case study method was used from qualitative research methods within the scope of the
study. Case study is a qualitative research approach that enables a thorough investigation
and depiction of the formation of a limited system, situation, or case (Chmiliar, 2010).
With the situation study method, studies such as determining deficiencies in the current
environment, collecting data, analyzing data, and evaluating the results of analysis are
carried out. In addition, it is determined what should be considered in subsequent studies
(Davey, 2009).

In the study, criterion sampling method, one of the purposeful sampling methods, was
used in the selection of participating distance education graduate students. This method
indicates that every individual to be selected has an equal chance. In other words,
individuals are not included in the study group according to a certain criterion
(Biiytikoztiirk, Cakmak, Akgiin, et al., 2016).

The data were collected by the "opinion questionnaire”, which was prepared by the
researchers by examining the literature and then examined by the field experts and
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language experts. In the opinion survey, there are open-ended questions consisting of 19
items about STEM. Open-ended questions were shared with the participants when the
informatics classes were over and the participants were asked to evaluate. In the study,
the data obtained from the opinion survey were analyzed by making content analysis.
With content analysis, those who gave similar answers were gathered under the same
heading and interpreted and a conclusion was reached. In addition, some items were
analyzed by creating "category and code" titles. Category, themes; themes consist of
codes that are related to each other (Yildirim & Simsek 2008).

1.1. Study Group

In the spring semester of the 2019-2020 academic year, science teaching at a public
university in Ankara was carried out with 18 preservice science teachers (17 females, 1

male) who were studying in the 4™ grade.
1.2.Implementation Stages

The implementation phase of the research was carried out by the researcher for fourteen
weeks in the fall semester of the 2019-2020 academic year. The preservice teachers who
formed the study group first received basic STEM education and examined STEM
studies. Preservice teachers were individually asked to prepare STEM course plans within
the scope of the achievements in the secondary school science course curriculum. At the
end of the application, the opinions of preservice teachers about STEM applications were
collected by the semi-structured interview form prepared by the researchers. In addition,
preservice teachers were asked to fill out a self-assessment form at the end of the study
where they could evaluate themselves. The STEM course plans of the teacher candidates,
their opinions on STEM applications and the findings of the self-evaluation form were

analyzed with content analysis.
1.3.Analysis of Data

In the content analysis of the data obtained from preservice science teachers, frequency
values were created according to the explanations of the teacher candidates, while the
percentage values were created by considering more than one explanation made by the

teacher candidates.
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In the research, the opinions of the participants were given in the form of P1, P2 ... PN
(Participants number) by coding without giving the names of the participants. Defining
the characteristics of the participants, expressing the limitations, talking about the data
collection process and analyzes were explained under appropriate headings, and external

reliability was tried to be ensured.
2. DISCUSSION

The explanations of the preservice science teachers participating in the research about
STEM education, their various answers about science-related disciplines, their views on
the contributions of STEM education, and the contributions of the STEM education they
received are given in Tables 1-4, respectively.

Table 1: Explanations of Preservice Teacher on STEM Education

Explanations on Frequency Percentage
STEM education %) (%)  Somestatements
Abbreviation 9 15.0 -“STEM is a word that is an abbreviation of Science,
An integrated 18 30.0 Technology, Engineering and Mathematics. (P8)”
approach ' -“STEM education aims to create a generation that can solve
Career awareness 6 10.0 everyday life problems and create new discoveries by creating
21st century skills 11 18.3 a harmonious integration between Science, Technology,
Solution to daily life Engineering, Mathematics disciplines, asking questions,
problems 9 15.0 exploring, producing projects based education (P5)”
-“STEM education approach develops students' skills such as
creative thinking, critical thinking and problem solving in the
. field of production and invention. When they enter the
Creating product 7 1.7 business world, it is aimed that they can easily adapt to the

qualities that business life wants thanks to their project skills.
(P4)”

Table 2: The Opinions Of The Preservice Teacher About The Relationship Of The Science
Course With Other Disciplines

Frequency Percentage

Disciplines Some statements

(®) (%)
Mathematics 17 20.0 -“Science is associated with all disciplines. For
Engineering 15 17.6 example, cooperation is also made with music in
Technology 9 10.6 solving a problem related to the frequency, intensity
Physics 7 8.24 and timbre of the sound. It is particularly associated
Chemistry 7 8.24 with  mathematics, engineering, technology and
Biology 7 8.24 Science. (P11)”
Astronomy 4 4.71 -“It is suitable for cooperation with many fields.
World Science 1 1.18 Examples of these fields are mathematics, technology,
Social studies 3 3.53 engin_eering_, natural sc_iences. (_P15)” ) _
Turkish 6 706 -“It is mainly associated with physics, chemistry,
English 1 118 biology, then mathematics, Turkish, engineering. (P4)”
Visual Arts 1 1.18
Geometry 1 1.18
Art 1 1.18
Music 2 2.35
Health 1 1.18
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Natural Sciences

1.18
1.18

Table 3: Preservice Teacher' Thoughts on The Overall Contributions of STEM Education

Thoughts on the contributions of

STEM education f P (%) Some statements
Creative thinking skills 6 -“It enabled the students to develop their creative
Gaining the skill to 4 thinking skills, to know the problem situation and the
design steps to make the design / product they will create, to
Gaining product 3 respect different ideas and to learn how to use different
creation skills disciplines together. (P1)”
Gaining the skill to 2 -“It allows them to learn by living by doing it. (P9)”
respect different ideas -“STEM activities contribute to students' self-esteem
Gaining critical 5 development. It also develops high-level skills such as
thinking skills critical thinking, problem solving, collaboration, which
Gaining problem 5 are 21% century skills. (P12)”
solving skills -“It also support the qualities necessary for STEM
stuzoernts Ge_lining 21st century 5 75.4 literate individuals to catch up with. (P5)”
skills
Establishing 3
interdisciplinary
relationship
Learning by doing and 5
by living
Providing self- 2
confidence
development
Becoming STEM 3
literate individual
For Contrib_uting to 4 -“The teacher also contributes to his professional and
teachers professional 7.01  personal development. (P5)”
development
Increasing the level of 4 -“STEM education is very important in advancing our
development technology and reaching the level of developed
For Technological progress 3 175 countries. (PZ)”
countries  Increasing labor -“_STEM aims to devel(_)p a workforce thgt collaborates
3 with group friends and is highly communicator, open to

qualification

change and produce. (P9)”

Table 4: The Thoughts Of The Preservice Teacher For The Contributions Of STEM

Education Received Within The Scope Of This Course

Thoughts on the contributions of f P Some statements

STEM education to them (%)

Gaining the ability to learn STEM 5 10.0 "It has won the ability to think critically. | have learned
implementation stages " solutions to solve our problems from everyday life.
Gaining the ability to guide students 18 36.0 Teamwork has improved my skill. (P2)”

Gaining critical thinking skills 5 10.0 -“Creating products using imagination gives the
Gaining the ability to solve daily life 5 10.0 ability to produce practical solutions to problems and
problems " creative thinking skills. (P4)”

Gaining communication skill 2 4.00 -"For a period of time, we offered solutions to the
Gaining the ability to establish an 2 4.00 problems of ourselves and our environment, which
interdisciplinary relationship ' improved our analytical thinking skills and gained
Creating product 3 6.00 communication skills. (P18)"

Gain learning skills by doing 1 200 -1 h_ave _develope(_j the ability to think a_nd find
Gaining innovative thinking skill 1 200 Solutions in a multifaceted way about a project and
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Gaining creative thinking skill 6 12.0 about making and solving it. I'm in a position to guide
the students. Through this course, | also learned what
stem's content consists of and how to apply STEM to
gains in science. (P15)"

-"Thanks to this course, | understood how to establish
a relationship with other sciences in transferring the
gains in the science course to the students, and thus
what the students will learn by doing and living.
(P14)"

-"It allows for innovative thinking. (P5)"

Gaining analytical thinking skill 2 4.00

The preservice science teachers who participated in the study that they had not received
STEM-based education until this year. The preservice teacher stated that they received
this education as courses in the 3rd and 4th grades of the university and received it in the
form of distance education from a different university and by participating in the
TUBITAK project.

Frequency and percentage values of the views of preservice science teachers about the
inclusion of STEM-based activities in science lessons (Table 5), their views on the fact
that its use may have different advantages for the teacher (Table 6), and that its use may
provide an advantage for students to gain creativity, critical thinking, and collaborative
skills (Table 7), it can be a problem for teacher-centered time management, material
supply, crowded classrooms (Table 8), individual differences in student-related practices,
communication and task sharing difficulties among students (Table 9), it is more suitable
for biology and physics. while some of them stated that it can be applied in all subjects
(Table 10).

Table 5: Preservice Teacher 's Thoughts About its Usible Of STEM-Based Activities

Thoughts about its Codes for the use of

Es'ble of STEM- STEM-based f P (%) Some statements

ased activities in activities in science

science courses courses
Active participation 10 52.6 -“STEM activities make students more
Creativity skills 2 105 active. (P2)”

-“Skills such as research, inquiry,
creativity, critical and analytical thinking
and decision-making are some of the

Yes, its always characteristics  sought in  qualified

usible. t‘f]ri'rﬂgf]'ga”d analytical 3 455 individuals. | think that the fields of
science and mathematics and engineering
and technology associated to these fields
have an important role in acquiring these
skills. (P8)”

No, it can't be used High number of -“Teachers should have the infrastructure

all the time or in all students in the 1 5.26 for STEM. It should definitely be used in a

environment. classroom
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Lack of infrastructure 1

Teacher's not having
enough information

Time consuming

5.26 small class where the
596 conditions are met. (P1)”

’ -“It's a time taker event. The appropriate
media, should also be sufficient in terms of
5.26 materials. (P15)”

appropriate

Table 6: The Advantages Of The Use Of STEM-Based Activities in Terms Of Teacher

Advantages of using STEM-

based activities in terms of f P (%) Some statements
teacher
Self development 10 27.0 -“It contributes to us being a teacher who develops the
Guidance to the student 4 10.8 spirit of guidance by being involved in teamwork between
Vocational satisfaction 6 16.2 teachers, knows the method of how to solve daily life
Effective participation of 4 108 problems. (P4)” _ . o
students ' -“It allows the teacher to explain the subject by making it
Different perspective 3 8.10  concrete.(P15)”
Embodying 5 135 -“Themself enhancement provides. It by increasing
Creativity skills 1 270  innovative to think, their horizon to expands. It saving
Problem solving skill 1 270  different perspective. (P18)” L )
Teamwork between teachers 1 2.70 -“The teacher reaches vocational satisfaction with the
effective participation of students. He tells the lesson more
Student-teacher communication 2 5.40 as concretely. Strengthens communication between

teacher and student. (P3)”

Table 7: The Advantages Of The Use Of STEM-Based Activities in Terms Of Student

Advantages of using STEM-based

[0)

activities in terms of student f P (%) Some statements
Gaining meaningful learning skill 4 4.44 -“Students' motivation increases, scientific process
Gaining reflective thinking skill 1 1.11 skills develop, psychomotor skills develop, lesson
Gaining critical thinking skill 8 8.88 success increases. They perform meaningful learning,
Gaining interest and motivation students' perspectives change, self confidence increases,
against the lesson 7 [ feelings of responsibility increase. (P5)”
Developing collaboration skill 8 8.88 -“Of the students science, mathematics and technology
Gaining 21st century skills 4 4.44 literacy level increases, saves students the skill to think
Gaining scientific process skills 1 111 reflective thinking. (P11)” _
Lesson Success 2 299 -“Gives students problem solving skill, they gain 21st
Gaining psychomotor skills 3 3.33 Cfgfl}‘g\;klu_s' (59) d e th head
Gaining different perspective 1 1.11 } -trained students take the get ahead among

. . those who want to pursue careers in these fields with the
Gaining self confidence 4 4.44 ) . . v

. . . knowledge, proficiency and skills they gain. (P8)
Gaining creativity skill 11 12.2 e o B
Gaini £ ibilit 1 111 -“It gives students the ability to design in the process of

aining awareness of responsibility . creating products. (P4)”

ImprO\_llng science, technology and 6 6.66 -“It gives students critical thinking skill. It allows
ma_th_ literacy . - students to realize aware of daily life problems. Prevents
Gaining the ability to solve daily life 4 8.88 students' from being individuals consuming, ensures
problems ) ) that there are individual who produce. Improves
Gaining problem solving skills 4 4.44 students' creativity. Improves students' ability to work
Becoming productive individual 7 777 collaboratively. Improves students' communication
Gaining the ability to design 1 111 skills. (P18)”
Gaining career development skill in 6 6.66
STEM field '
Gaining communication skills 3 3.33
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Table 8: The Disadvantages Of The Use Of STEM-Based Activities For Teachers

Teacher disadvantages use of f P Some statements
STEM-based activities (%)
Time management shortage 14 325 -“The teacher may have trouble in terms of time. In addition,
Shortage of material supply 12 279 both teachers and students may experience difficulties
Shortage of crowded classrooms 6 13.9 economically. STEM can also be difficult to apply where
Inadequacy of application 10 232 there are many students in the classroom. (P5)”
information : -“STEM activity for every topic is very difficult to find.
(P16)”
-“The teacher should be knowledgeable about STEM.
Gainings relationship 1 232 Otherwise, it's very difficult to an application. (P9)”

-“Not every STEM activity can be associated with
achievements in the curriculum. (P1)”

Table 9: The Disadvantages Of The Use Of STEM-Based Activities For Students

Disadvantages of STEM-based P

activities fog students f (%) Some statements

Difficulty in application stages 6 33.3  -“After a while, students may get tired of doing the project
Difficulty communicating 5 27.8  stages. There may be problems among students. (P8)”
between students -“If students cannot be explained the STEM project steps in
Task sharing distress 1 555  detail and properly, students have difficulty understanding the
Distress in terms of interest 2 11.1  project subject and making projects related to the subject, and
Individual differences between 4 222 they cannot and cannot fully comprehend it. (P2)”

students

- If the division of labor is not done well in the group study,
active students are at the forefront, passive students may be
bored. (P11)”

- Activities may not be of interest to every student. It could be
an inefficient lesson for them. (P4)”

Table 10. STEM-Based Activities’ Compliance With Science Topics

Which science

E)(;F;:acc? iél;ﬁmes f P (%) Some statements
are suited
Environment 3 12.0 -“I think it’s more suitable on issues such as for
Biology Recycling 1 4.0 Environment. (P4)”
Biology based 2 8.0
Earth, Sun and 1 40 -“I think it is more suitable on issues such as - 93 -ort
Moon ' he insulation and transmission of sound. (P13)”
Electric 2 8.0 -“Since we also use engineering in STEM activities,
Sound 1 4.0 I think it is suitable for all physics subjects. (P18)”
Physics based 5 20.0
Physics Simple machines 1 4.0
Heat and 1 40
temperature
Force and 1 40
movement
Work and energy 1 4.0
Al topics 6 240 -“I think it is suitable for all subjects of science

courses, as one step of STEM covers science. (P11)”

Topics in which preservice science teachers prepare a STEM-based activity plan are given
in Table 11. It has been determined that the preservice science teachers prepared the
STEM-based activity plan from biology and physics. At the end of the study, the data
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obtained for the self-evaluation forms of the preservice science teachers were subjected
to content analysis. The data obtained because of the content analysis are presented below.

Table 11: Topics Where Prospective Teachers Prepare STEM-Based Activity Plan

STEM Based Activity Plan Prepared topics Freq(:cj)ency Percentage (%)
Landless agriculture 2 111
Reproduction, growth and development in living things 1 5.55
Let's get to know the living things 2 111
Environmental pollution 2 111

Biology Bioplastif: making 2 111
Composting 2 111
Let's protect our bones 1 5.55
Substance cycles 1 5.55
Hygienic door 1 5.55
Household waste and recycling 1 5.55
Gas pressure 1 5.55

Physics  Energy transformations 1 5.55
Sucking the light 1 5.55

The frequency and percentage values of the responses of preservice science teachers to
their thoughts on the difficulties they face in preparing STEM-based activities are shown
in Table 12. Preservice science teachers stated that they have difficulty in preparing
STEM-based activities such as time management, material selection, prototype drawing,
problem status determination. They also stated that they have difficulty in subject
compliance, writing the implementation stages, attracting attention, preparing an activity
plan, writing activities suitable for the student level (Table 12).

Table 12: Explanations Of The Difficulties Experienced By Preservice Teacher in Preparing
For A Lesson Plan

Frequency Percentage

STEM-based activities Some statements

U] (%)
Time management 3 10.3 -“I had a hard time preparing events based on the age of
Prototype drawing 5 17.2 the class to be applied. | think I'm going to have trouble
Material selection 3 10.3 drawing prototypes, too. (P2)”
Implementation stages 4 13.8 -”I had a hard time preparing activities based on the age
Attracting interest 2 6.89 of the class to be applied. I think I'm going to have trouble
Student level 1 3.44 drawing prototypes, too. (P18)”
Compliance with the -“I think I'm going to have difficulty determining the
subject 4 13.8 problem situation and using the time. (P11)”
Event plan 2 6.89 -“I had a hard time preparing an event plan and how to get

the students' attention. (P17)”

-“It's hard to find STEM activity for every topic. I had a
5 17.2 hard time finding the right effiency for my chosen subject.

| also had trouble writing the implementation stages of the

event and choosing materials. (P3)”

Determining a problem
status

Most preservice science teachers who participated in the study stated that teachers who

will use STEM-based activities in science courses should be guiding students during

www.sbedergi.com - editor@sbedergi.com


http://www.sbedergi.com/
mailto:editor@sbedergi.com

Sosyal Bilimler Elektronik Dergisi & Electronic Journal of Social Sciences

activities, create guidelines and choose appropriate activities. They also stated that time
management is important (Table 13). Preservice science teachers in the study will use
STEM-based activities in science classes, teachers to guide students, teachers to master
STEM approach and students to choose quality activities that will improve 21st century
skills such as critical thinking, creativity, prepare explanatory instructions before starting
activities, provide effective time management during the event, select activities according
to the student level, manage effective classrooms they have indicated that they must
provide the mark (Table 13).

In order to determine the STEM lesson plan preparation skills of the preservice science
teachers who participated in the study, the course plans prepared by the preservice science
teachers were subjected to content analysis. “STEM lesson plan template graded
document” created by BAUSTEM (2021) was used for content analysis (Appendix 1).

Table 13: Explanations For Recommendations For Teachers Who Will Use STEM Activities
in Science Classes

P
Classes (%) Some statements
Creating directive 13.8  -“In order to make the process better, the necessary

25.0 explanations should be expressed to the students in a
556  properly clear language. Students should be given a
11,1  directive. Every question students ask should be
16.7 answered tirelessly and they should help when
16.7  necessary. (P5)”
-“I recommend that students answer every question
they ask tirelessly, step through it in descriptive
language when starting the application, and specify
why such an activity is held. (P4)”
Student level eligibility 4 11.1  -“It is necessary to prepare in a preliminary way, to
prepare the directive in an explanatory way. In this way,
we can prevent the loss of time. (P6)”
-“Teachers should know about STEM and choose
appropriate activities for students. (P18)

Guidance for students

Ensuring effective class management
Ensuring time management
Effective activity selection
Dominion to topic

oo R~ DN OO =

The content analysis of because of the examination of STEM course plans prepared by
preservice science teachers is shown in Table 14. All the preservice teacher correctly
stated the "science™ gains that were considered as central discipline in their STEM plans.
In their STEM lesson plans, 3 preservice teachers stated their science gains by associating
them with other STEM disciplines: technology, engineering, and math gains. In their
STEM lesson plans, 15 preservice teachers correctly stated their social product gains. All

the preservice teachers have correctly specified the materials and resources to be used in
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product development in their STEM lesson plans. In addition, 6 preservice teachers

correctly stated the knowledge-based life

Table 14: Information On Content Analysis Of STEM Lesson Plans

Codes for lesson plans

X2, X4, X16, X18.

Gain of A X1, X2, X3, X4, X5, X6, X7, X8, X9, X10,
discipline X11, X12, X13, X14, X15, X16, X17, X18.
Mathematic A X2,X6,X7,X10,X11,X12,X13,X14,X15,X16,X
S 18.
Gain of M X1, X3, X4, X5, X8, X9,X17.
Cognitive other Engineering A X4, X5, X6, X7, X10, X13, X14, X15, X186,
process gains STEM X18.
Target discipline M X1, X2, X3, X8, X9, X11, X12, X17.
. S Technology A X2, X4, X5, X6, X7, X10, X11, X12, X13,
gains X14, X15, X16, X18.
M X1, X3, X8, X9, X17.
21stcentury A X2, X14, X16, X18.
skills M X1, X3, X4, X5, X6, X7, X8, X9, X10, X11,
X12, X13, X15, X17.
Social product A X2, X3, X4, X5, X6, X7, X8, X9, X10, X13,
gains X14, X15, X16, X17, X18.
M X1, X11, X12.
Materials A X1, X2, X3, X4, X5, X6, X7, X8, X9, X10,
Used X11, X12, X13, X14, X15, X16, X17, X18.
RESOUIFCES A X1, X2, X3, X4, X5, X6, X7, X8, X9, X10,
X11, X12, X13, X14, X15, X16, X17, X18.
Knowledge- Writing A X1, X2, X6, X7, X8, X10, X11, X12, X13,
Based Life X15, X17.
Problem M X3, X4, X5, X9, X14, X16, X18.
Planningof A X6, X7, X8, X12, X15, X17.
Knowledge the M X1, X2, X3, X4, X5, X9, X10, X11, X13, X14,
“Based Life _ prototype X186, X18.
Problem Limitations A X1, X2, X4, X5, X6, X7, X8, X9, X10, X11,
(BTHP) X12, X13, X14, X15, X16, X17, X18.
M  X3.
Professions, Professiona A X2, X4, X5, X6, X7, X9, X11, X12, X13, X15,
Duties and I groups X18.
Responsibilitie M X1, X3, X8, X10, X14, X16, X17.
S
Presentation of Visual, A X1, X6, X7, X8, X9, X12, X14, X16, X17,
BHTP and story and X18.
Presentation of video M X2, X3, X4, X5, X10, X11, X13, X15.
Limitations narration
Information Open-ended A X1, X2, X4, X5, X6, X7, X8, X9, X11, X12,
Acquisition research X14, X18.
questions M X3, X10, X13, X15, X16, X17.
Idea Research A X1, X9, X13, X15, X17, X18.
Lesson Development questionsto M X2, X3, X4, X5, X6, X7, X8, X10, X11, X12,
Content help them X14, X16.
come up
with new
ideas
Product A X1, X2, X3, X4, X5, X6, X7, X9, X10, X11,
Development X12, X13, X14, X15, X16, X17, X18.
M  X8.
Test To Testing A X1, X3, X4, X5, X6, X7, X8, X9, X10, X11,
process X12, X13, X15, X17.
M
A

X2, X4, X16, X18.
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Research M X1, X3, X4, X5, X6, X7, X8, X9, X10, X11,

questions to X12, X13, X15, X17.

make them

think at an

advanced

level
Sharing and Presenting A X1, X4, X5, X6, X7, X8, X12, X13, X15.
Mirroring M X2, X3, X9, X10, X11, X14, X16, X17, X18.

Rubriks A X4, X5, X6, X7, X8, X12, X13, X15.

M X1, X2, X3, X9, X10, X11, X14, X16, X17,

X18.

Appropriate:A; Missing:M;

problem and the planning phase of the prototype in STEM lesson plans. The 17
prospective teachers correctly stated the limitations that would determine the process of
creating the prototype. The 11 preservice teachers correctly stated the professional groups
in which the students will assume their duties and responsibilities throughout the course.
In STEM lesson plans, 10 preservice teachers correctly stated the presentation of the
knowledge-based life problem with engaging visuals, videos, and stories. In the
information acquisition department, 12 preservice teachers correctly stated the open-
ended questions that students can study. 6 prospective teachers correctly stated the
research questions to be asked for new ideas that students will develop before drawing
prototypes. 17 preservice teachers correctly stated the product development process. 8
preservice teachers correctly stated the stage of presenting the product to their friends. 8

preservice teachers correctly stated their evaluations (Table 14).

STEM education is an effort based on the integration of science, technology, engineering,
and mathematics, which emerges to help individuals gain strength economically, allowing
them to find solutions to real-life problems using scientific process steps (NRC 2012,
U.S. Department of Education, 2015). With STEM approach, it is expected that the results
such as designing, organizing, and implementing the curriculum in the period from
kindergarten to 12th grade will be again converted (Myers & Berkowicz, 2015). When
the literature is examined, there are many studies supporting the results of the study. In
the study conducted by Timur & Inangli (2018), preservice teachers indicated that STEM
education is a combination of science, mathematics, engineering, and technology,
provides learning by doing and living, performs meaningful learning by connecting
science subjects with daily life, and they indicated that it produced solutions to problems

encountered in daily life. In the study conducted by Ozturk et al. (2019), the perceptions
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of preservice teachers towards STEM were examined. In this study, most preservice
teachers indicated that STEM is an interdisciplinary approach and means experimenting
and projecting. Nevertheless, some preservice teachers have stated that STEM means
product extraction, creativity, imagination, innovation, self-confidence, and problem
solving. The preservice teachers indicated that STEM education is an integrated approach
formed by the integrating of science, mathematics, engineering, and technology fields.
They stated that it is an approach that transforms knowledge into practice in a process
that continues from pre-school to university, facilitates adaptation to business life,
provides 21st century skills, finds solutions to daily life problems, and finally a product
has emerged.

STEM education is not a separate course, but a paradigm in which the disciplines of
science and mathematics are blended with technology and engineering applications
(Akgiindiiz 2016). In the study conducted by the Kizilay (2018), preservice teacher stated
that mathematics is used in the field of science, technology emerges with the combination
of science, engineering and mathematics, engineering has science and mathematics in it,
engineering activities reveal technology; science, technology, engineering, and
mathematics they have indicated that they have completed it each other. In the study
conducted by the Aslan and Bektas (2019), most preservice teacher associated science
course with mathematics, engineering and technology. In addition, prospective teachers
associated the science course with physics, chemistry, biology, social sciences, and
natural sciences. In this research, preservice science teachers, the science course is
associated with mathematics, engineering, and technology disciplines. This result shows
that preservice teachers understand that science, one of STEM disciplines, is associated

with other disciplines.

In the study conducted by Ugiinciioglu & Bozkurt Altan (2018), preservice teachers stated
that STEM activity they do was suitable for STEM education, that they learned by having
fun, associated with daily life, won interdisciplinary perspective, carried out learned by
doing and living. In addition, preservice teachers stated that STEM activities provide
lasting learning and won 21st century skills such as collaboration, problem solving,
analytical thinking, creative thinking and critical thinking. With STEM approach, it is
aimed to educate individuals who can hold the economic power that will provide an

advantage in the industrialization of countries. In addition, it is one of the objectives of
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STEM approach to make countries industrially and economically developed countries, to
increase the number of students studying STEM fields in universities and who want to
continue their business life in these fields, and to educate STEM literate individuals
(Cevik & Ozgiinay 2018; NRC 2011). In the study, most preservice teachers stated that
STEM education improves students' creative thinking, critical thinking, and problem-
solving skills, provides learn by doing and living and provides 21st century skills. When
the field is examined, the contributions of STEM education in terms of student, teacher

and country support this result.

STEM training allows individuals to have knowledge in engineering and technology.
Helps them design, develop prototypes. Develops creativity and problem-solving skills,
supports  self-confidence development, improves interdisciplinary perspectives
(Morrison, 2006). In the study, most preservice teachers stated that they had not received
STEM education until this year. The preservice teachers who received STEM education
until this year stated that they received this training in the form of distance education and
within the scope of TUBITAK project.

In the research, all the preservice teachers indicated that the STEM education they
received within the scope of this course was very useful in terms of guiding the students.
Preservice teachers have indicated that they have learned the stages of applying STEM in
projects, that they can find solutions to daily life problems with this training, and that they
have gained critical thinking skills. This result supports the benefits of STEM education

received by prospective teachers within the scope of this course.

In the study conducted by Yildirim (2017), preservice teachers stated that STEM-based
activities can be used in lessons by having project designs made to students, allowing
students to use their imagination, and ensuring active participation. Some preservice
teachers have stated that STEM-based activities cannot be applied in lessons due to
limited hours of study, too much responsibility for the teacher, negative attitudes of
teachers and lack of knowledge about STEM. In the research, most preservice teachers
stated that STEM-based activities can be used in science courses and that permanence
can be increased with STEM activities that can be applied in many subjects. They also
stated that students can gain skills such as problem solving, critical thinking and
questioning with STEM activities. Some preservice teachers stated that STEM-based
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science activities cannot be always implemented in any environment and due to the large
number of students in the classrooms, lack of infrastructure, lack of adequate knowledge
of teachers and time consuming. In addition, preservice teachers stated that through
STEM-based activities, teachers can embody science lessons, gain creativity and
problem-solving skills known as 21st century skills and improve their communication

with their students.

In the study conducted by Yildirim & Turk (2018), preservice teachers stated that it is
important to use STEM education in elementary and preschool periods, and that
individuals develop characteristics such as creativity, imagination, curiosity, self-
confidence, responsibility, and empathy. They stated that with STEM-based activities,
students can find solutions to daily life problems, increase their interest and motivation
towards the course, perform meaningful learning, increase course achievements,
collaborative work and develop 21st century skills. In addition, they stated that STEM-
based activities give students different perspectives, contribute to the development of self-
esteem of students, increase their desire to pursue a career in STEM, improve science,
technology, and mathematics literacy, and improve psychomotor skills. In the research,
most preservice teachers stated that teachers may have time problems and difficulty in
supplying materials when implementing STEM-based activities. They noted that factors
such as teachers lacking is missing knowledge of applying STEM and difficult to
implement in crowded classrooms can be disadvantageous in implementing STEM-based
activities. They also stated that it is a disadvantage that not every STEM application is

associated with curriculum gains.

In the research, preservice teachers stated that the implementation stages of STEM-based
activities may be difficult for some students and communication problems may occur
between students during the application. In addition, preservice teachers stated that
although task sharing is done, the proneness of some students may outpace other students,
and STEM activities may not be of interest to every student. In the study, preservice
teachers stated that STEM-based activities are suitable for all science subjects. In
addition, preservice teachers stated that STEM activities are suitable for biology subjects
such as environment and recycling, as well as other biology-based subjects. They stated
that the earth, suitable for other physics subjects such as earth, solar and moon, electricity,
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sound, simple machines, heat and temperature, force and motion, work, and energy, as

well as physics-based subjects.

Akgilinduz & Akpmar (2018) stated that because of STEM applications, students provide
active learning in the field of science and mathematics, and their creativity, critical
thinking, collaboration, and problem-solving skills have improved. In the study, most
preservice teachers stated that when preparing STEM activities, they have difficulty in
determining problem status, drawing prototypes, and implementing activities. They also
stated that they have difficulty in determining appropriate efficacy. In the research,
preservice teachers stated that the homogeneous distribution of groups will facilitate
teaching, guide students throughout the activity, activities will increase students'
motivations, students may have difficulty writing an activity report, and small age group
may complicate the activity process. In the study conducted by Guleryuz et al. (2019),
teachers stated that they should have STEM knowledge, use interdisciplinary approaches,

learn about engineering design processes, and have knowledge about the field.

There are very few studies on the ability of preservice teachers to prepare STEM lesson
plans. Bozkurt Altan & Ugiinciioglu (2019) stated in their study that STEM-oriented
course planning skills of preservice teachers have improved because of STEM practices.
When STEM course plans are examined, it is seen that preservice teachers write
appropriately about the "science™ gains that are considered as central disciplines, and 3
preservice teachers associate their science gains with other STEM disciplines:
technology, engineering, and mathematics gains. It is seen that 15 preservice teachers
correctly wrote about social product gains, the materials, and gains of all preservice
teacher to be used in product development, the knowledge-based life problem in STEM
lesson plans of 6 teacher candidates, and the planning stage of the prototype. It is seen
that 17 preservice teachers correctly stated the limitations that will determine the process
of creating the prototype, and 11 preservice teachers correctly stated the professional
groups in which the students will assume their duties and responsibilities throughout the
course. In STEM lesson plans, 10 preservice teacher present the knowledge-based life
problem with intriguing visuals, videos, and stories, and 12 preservice teachers correctly
stated the open-ended questions that students can study in the information acquisition
department. It is seen that 6 prospective teachers correctly stated the research questions

to be asked for new ideas to be developed before the prototype drawing, 17 teacher
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candidate product development processes, 8 teacher candidate products to present the

product to their friends.

CONCLUSION AND SUGGESTIONS

It is understood that STEM education is related to life, the environment, and the whole
life of the individual, and in this context, it will have future benefits. In the interviews, it
was seen that the pre-service teachers approached STEM education positively. Projects
to increase the STEM skills of preservice teacher studying in STEM education faculties
should be developed, in-service training modules should be created, cooperation should
be made with engineering, science and literature faculties, and industry and school
cooperation should be given importance. Based on this study, when the opinions of
teachers and preservice teacher were examined, they stated that there should be projects
and studies supporting STEM education activities in their university life. As a result, it is
important to develop STEM strategies that will ensure cooperation between the science,
mathematics and technology-design teachers of the schools, as well as supporting
students' critical and creative thinking skills. This study supports the views of pre-service
teachers. Suggestions developed based on the findings reached as a result of the research

are organized under two headings as suggestions for practitioners and researchers.

¢ In the study, preservice teachers prepared a lesson plan by focusing on the discipline
of "science” from STEM disciplines. With different studies to be carried out,
preservice teachers can prepare a lesson plan by centering other STEM disciplines.

e In the study, it is seen that most preservice teachers do not receive STEM education.
Preservice teachers who are practitioners of the STEM approach can be provided with
STEM education with courses to be given during the undergraduate period. In
addition, with the cooperation of education faculties and engineering faculties,
preservice teachers can be provided with applied STEM projects.

e There are few studies in the literature that examine STEM lesson plans prepared by
teacher candidates. In this direction, studies can be carried out that examine the STEM
lesson plans prepared by preservice teachers at different class levels and branches.

e There are few studies in which teacher candidates related to STEM approach evaluate
themselves with a self-assessment form. Different studies can be carried out using

STEM approach and self-evaluation forms.
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