
 

 

Turk, N., Kalayci, N., Yamak, H.  (2021). Evaluation of 

the effectiveness of science, technology, 

engineering and mathematics (stem) curriculum 

designed and implemented for undergraduate 

programs of faculty of education. International 

Online Journal of Education and Teaching 

(IOJET), 8(3). 1401-1428.  

Received  : 12.08.2020 

Revised version received : 04.04.2021 

Accepted  : 07.04.2021 

 

EVALUATION OF THE EFFECTIVENESS OF SCIENCE, TECHNOLOGY, 

ENGINEERING AND MATHEMATICS (STEM) CURRICULUM DESIGNED AND 

IMPLEMENTED FOR UNDERGRADUATE PROGRAMS OF FACULTY OF 

EDUCATION  

Research article 

Corresponding author 

Nilay Türk  (https://orcid.org/0000-0001-5936-9003) 

Ministry of National Education 

turknilay@gmail.com 

 

Nurdan Kalaycı  (https://orcid.org/0000-0003-1982-2410) 

Gazi University 

nurdankal@yahoo.com 

 

Havva Yamak  (https://orcid.org/0000-0002-1666-0746). 

Gazi University 

havvademirelli@gmail.com 

 

Nilay Türk is currently math teacher at the Ministry of National Education, Turkey. She 

conducts research on teacher training, learning and teaching methods, active teaching 

methods, STEM education and STEM teacher education. 

Nurdan Kalaycı is currently Professor of Curriculum and Instruction at the Department of 

Educational Sciences, Faculty of Education, Gazi University, Turkey. She conducts 

researches on learning and teaching processes, active teaching methods, higher education, 

quality in higher education, gender equality and education. 

Havva Yamak is currently Professor of Science Education at the Department of Mathematics 

and Science Education, Faculty of Education, Gazi University, Turkey. She conducts 

researches on teacher training, science education, chemistry education, technological 

pedagogical content knowledge, STEM education and STEM activities. 

 

Copyright © 2014 by International Online Journal of Education and Teaching (IOJET). ISSN: 2148-225X.  

Material published and so copyrighted may not be published elsewhere without written permission of IOJET.  

https://orcid.org/0000-0001-5936-9003
mailto:turknilay@gmail.com
https://orcid.org/0000-0003-1982-2410
mailto:nurdankal@yahoo.com
mailto:havvademirelli@gmail.com
http://orcid.org/xxxx
http://orcid.org/xxxx
http://orcid.org/xxxx


Turk, Kalayci, & Yamak   

    

1402 

EVALUATION OF THE EFFECTIVENESS OF SCIENCE, 

TECHNOLOGY, ENGINEERING AND MATHEMATICS (STEM) 

CURRICULUM DESIGNED AND IMPLEMENTED FOR 

UNDERGRADUATE PROGRAMS OF FACULTY OF EDUCATION 

 

Nilay Türk 

turknilay@gmail.com 

 

Nurdan Kalaycı 

nurdankal@yahoo.com 

 

Havva Yamak 

havvademirelli@gmail.com 

 

Abstract 

The aim of this study was to evaluate the effectiveness of STEM Curriculum designed and 

implemented for undergraduate programs of faculties of education. The research model is 

experimental. The design is a single group pre-test post-test experimental design. The study 

group consisted of 18 pre-service teachers studying in the Department of Science Education. 

In order to determine the effectiveness of STEM Curriculum, two data collection tools were 

prepared: "Education Module Evaluation Form" and "Interview Form". The Wilcoxon Signed 

Ranks Test was used to analyze the quantitative data and the content analysis was used to 

analyze the qualitative data. According to the findings, it was concluded that the STEM 

curriculum applied positively influenced the development of the competency of pre-service 

teachers to prepare education module (lesson plans, work sheets, measurement-evaluation 

tools) according to STEM education approach. It was concluded that the STEM curriculum 

contributed to the knowledge and skills, professional competencies and awareness of pre-

service teachers about preparing educational material according to STEM education 

approach. 

Keywords: STEM education, STEM curriculum, teacher education, pre-service teacher 

education, program development 

 

1. Introduction 

Education represents an open and dynamic system by its nature, therefore it is in contact 

with other systems that guide society. As the need of the individual and society is met with 

education, changes and other systems affect the education system (Okçabol, 2007, p. 25). 

One of the main objectives of education is to educate the workforce capable of maintaining 

the social life order in harmony with economic, social, scientific and technological 

developments and changes and ensuring the development of the society. One of the most 

important tools that enable a country to achieve this goal is curriculums.  Curriculums should 

be prepared to meet the social, economic, cultural and global needs of both individuals and 

society and to prepare individuals to adapt to changes and developments occurring at local 
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and global scale (Gömleksiz et al., 2005, p. 2; Özdemir, 2011, p. 94). With the increasing 

importance given to curriculums, changes and developments in the world have led to changes 

in the education approach and teaching methods in the programs and brought along new 

approaches and methods. 

When the new teaching practices used throughout the world are examined, it is seen that 

student-centered approaches/ methods/ techniques are preferred where interdisciplinary 

approach is predominant. Recently, STEM education has come to the forefront with the 

introduction of engineering education in schools, considering that engineering will provide a 

good environment for mathematics, science and technology education (Akgündüz et al., 

2015, p. 5). The main purpose of STEM education is to enable students to learn about the 

world in which they live in an integrated way instead of decomposed learning (Dugger, 2010, 

p. 2). STEM education is an approach based on the integration of STEM fields (Bybee, 2013; 

Moore et al., 2014; Sanders, 2009). STEM training is also preferred because it provides the 

preparation of the workforce that will develop and sustain national economies in a 

continuously expanding and globalizing economy (Kelley & Knowles, 2016, p. 2). Higher 

education institutions are important because they train teachers to implement STEM 

education, provide academic support to the trainers involved in the implementation of STEM 

education approach, and train qualified workforce needed by the society with pre-service 

training provided in STEM fields (Erdem, 2013, p. 114). 

Most of the responsibility for training the workforce of a country belongs to teachers. The 

ability of teachers to fulfill this responsibility properly depends on the quality of the their 

education. Therefore, the education faculties of universities and experts and institutions that 

develop the programs of education faculties have great responsibilities. The quality of 

workforce will increase at the same rate as pre-service teachers being educated in high 

quality and in a good environment (Erişen, 2001, p. 7). Since curriculums are one of the 

important elements that make higher education a powerful, successful and effective one 

(Barnett & Coate, 2005), the development of undergraduate programs of the faculty of 

education in a way that will enable pre-service teachers to acquire the competencies expected 

from them will positively affect the success of STEM education applied in educational 

institutions.  

The role of the teacher in the classroom has started to change with the application of 

approaches/ methods such as STEM education that center the student and design the learning 

process with an interdisciplinary/ transdisciplinary approach in the classrooms. However, 

some studies on the teachers show that teachers have no information about new methods and 

they need in-service training on these methods (Asilsoy, 2007, pp. 112-114; Memişoğlu, 

2008, p. 138). But teachers work in different learning environments today, they have different 

and current professional needs (Livingston, 2017, p. 141). Teachers who will implement 

STEM education need lessons and workshops that demonstrate how to integrate STEM areas 

while collaboratively solving the real-life problem (Shernoff et al., 2017, p. 13). 

For the success of STEM, it is very important that the teachers who will design the 

learning process from beginning to end have content knowledge and pedagogical content 

knowledge about STEM. On the other hand, Çorlu (2012) states that the teachers who will 

apply STEM education should have integrated teaching knowledge. This knowledge may 

help teachers to teach in the best way students STEM disciplines that they can use in their 

daily lives and occupational choices (Holdren et al., 2010, p. 57). Thus, students will be able 

to learn the concepts of science, technology, engineering and mathematics successfully and 

find solutions to the problems of the real world. 
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Within the scope of the project which was carried out by STEM centers of universities, 

educations that promote the STEM education and workshops are organized. With the STEM 

center established by Istanbul Aydın University, it aims to increase the competence of 

teachers and students in STEM fields and to contribute to the transformation of schools into 

STEM schools (STEM School, 2018). In the STEM Center (BAUSTEM) established in 

Bahçeşehir University, a STEM curriculum has been developed for primary schools. In 

addition, trainings are given to increase the STEM competencies of teachers and STEM 

research is carried out (Bahçeşehir University, 2018). Hacettepe Science, Technology, 

Engineering and Mathematics Education and Applications Laboratory (Hacettepe STEM & 

Maker Lab) since 2009, such as Advanced Applications in Science Teacher Education (S-

TEAM), Assessment Strategies in Research-Based Science Learning (SAILS) and 

Mathematics and Science for Life (MASCIL) projects based on innovative approaches were 

carried out. In addition, STEM & MakersFest Expo is held every year, hosted by Hacettepe 

University, where conferences with participants from different institutions and workshops for 

teachers and students are held (H-STEM Lab, 2018). Teacher workshops and projects are 

carried out in the BILTEMM Education Application and Research Center within the Middle 

East Technical University (METU) to improve the educational opportunities offered to 

schools, teachers and students (METU, 2018). STEM laboratory was established within Muş 

Alparslan University in the fall term of 2013-2014. Within the scope of this laboratory, pre-

service science teachers are trained (Yıldırım, 2016, p.36). The fact that the studies are 

teacher-dominated causes the criticism that the pre-service teachers are not educated in 

accordance with the requirements of the age. Bers and Portsmore (2005) emphasized the 

importance of pre-service teachers' learning new approaches and methods in their study. 

After the announcement of STEM education approach, it started to be applied in schools and 

the idea that pre-service teachers should be trained with the necessary professional 

knowledge, skills and experience to apply this approach started to prevail. In some published 

reports (Akgündüz et al., 2015; Holdren et al., 2010; MOE, 2016; TÜSİAD, 2014;) and in 

researches (Akaygün & Aslan Tutak, 2016; Altunel, 2018; Gökbayrak & Karışan, 2017; Kim 

et al, 2015; Koehler, Feldhaus, Fernandez, & Hundley, 2013; Marulcu & Sungur, 2012; 

Yildiz, Alkan, & Cengel, 2019) it was stated that STEM education approach should be 

included in the undergraduate programs of the education faculty in order for pre-service 

teachers to successfully apply STEM education. 

When the curriculums of the lessons related to STEM fields published by the Ministry of 

National Education in 2018 are examined, it is seen that the interdisciplinary approach is 

taken into consideration, and the activities aiming to the development of products by 

integrating the information about the learning outcomes of each unit under the name of 

“Science, Engineering and Entrepreneurship Applications" are included in the Science 

Curriculum. With this study, the Ministry of National Education initiated the transition to 

STEM education in the curriculum. The undergraduate programs of the Faculty of Education, 

which are of great importance in the training of pre-service teachers who will be the 

implementers of the programs, are also gaining importance in this context. When the course 

names and course contents of the updated undergraduate programs (Science, Mathematics, 

Computer and Instructional Technology, Physics, Chemistry, Biology) were examined, it was 

determined that there were no courses related to STEM education (Council of Higher 

Education, 2018). Çolakoğlu and Günay Gökben (2017) state that although various studies 

have been carried out within the STEM centers/ laboratories in universities, no progress has 

been achieved in terms of STEM education yet, and no undergraduate or graduate education 

programs related to STEM have been opened in any faculty of education. This situation 

necessitates the opening of a course on STEM education for the undergraduate programs of 

faculties of education and designing a curriculum that includes all aspects of this course. For 
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this reason, STEM Curriculum was designed by researchers for undergraduate programs of 

faculties of education in the fall semester of 2016-2017 and applied in the spring semester of 

2016-2017. The curriculum is applicable worldwide, as it includes international STEM 

activities that can be used in all education faculties, and it is prepared with international 

literature in mind. The aim of this study is to evaluate the effectiveness of STEM Curriculum 

designed for undergraduate programs of faculties of education. The research questions related 

to the aim of the research are given below. 

1. Is there a significant difference between the pre-test and post-test scores of the 

education modules prepared by pre-service teachers according to STEM education approach? 

2. What are the pre-service teachers' opinions on the STEM curriculum? 

3. What are the pre-service teachers' suggestions for STEM curriculum? 

4. What are the pre-service teachers' opinions on the contribution of STEM curriculum to 

their future teaching career? 

 

2. Methodology  

2.1. Model 

The research model is experimental. The experimental design is a single group pre-test 

and post-test experimental design. This design is often used in research on the benefits of 

new curriculum (the design of curriculum) or the importance of the new teaching method 

(Cohen et al., 2006, p. 212). In this design, the significance of the difference between the pre-

test and post-test values  of a single group is tested (Büyüköztürk et al., 2014, p. 201). In this 

context, quantitative data were obtained within the scope of pre-test and post-test. The change 

between these data was examined.  The independent variable of the research was the STEM 

curriculum and the dependent variable was the competence to design the learning-teaching 

process according to the STEM education approach. After the curriculum was implemented, 

qualitative data were obtained through interviews with pre-service teachers. The interview 

technique was used in order to determine the opinions and suggestions of the pre-service 

teachers on the dimensions of the STEM curriculum (content, learning-teaching process, 

measurement-evaluation) and their professional contribution. Interviews using semi-

structured interview forms allow the questions to be re-organized and discussed by providing 

flexibility during the interview, even though the questions are ready in advance, they allow 

specific information to be collected from the participants, and the majority of the form 

consists of questions to be clarified (Ekiz, 2003, p.62; Merriam, 2009, p.87). While these 

interviews provide fixed choice answering, they also enable in-depth research in the relevant 

field (Büyüköztürk et al., 2014, p.150-152). 

Since qualitative and quantitative data were needed in the research, the mixed method was 

used in the study. The study was conducted using a multiphase design of mixed method 

research. The multiphase design is based on examining the problem through the cycle of 

quantitative and qualitative research in which the next method is performed sequentially, 

building on the learning from the previous method to examine the goal of a program. The 

multiphase design provides an inclusive methodology framework for long-term multiphase 

research aimed at developing a research or evaluation program (For example, needs analysis, 

program development and program evaluation studies in the context of program evaluation 

are multiple stages) (Creswell & Plano Clark, 2011, p. 100). The doctoral dissertation in 

which this research was produced consisted of three stages: The first stage was the needs 

analysis conducted in order to design the STEM curriculum, the second stage was application 
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of the STEM curriculum and the third stage was the interviews with the pre-service teachers, 

for whom the STEM curriculum was applied. 

2.2. Study Group 

The study group of the research consists of all 18 pre-service teachers who choose 

Chemistry Applications (Elective) course from the second grade students of Gazi University 

Faculty of Education, Department of Science Education in the spring semester of the 2016-

2017 academic year. Appropriate sampling method, one of the random sampling methods, 

was preferred in the formation of the study group. The advantage of this sampling is that it 

provides speed, practicality and convenience to the researcher (Fraenkel & Wallen, 2009, pp. 

98-99; Yıldırım & Şimşek, 2013, p. 141).  As the department thought that taking pre-service 

teachers from the main courses would create a problem, it was deemed appropriate to select 

pre-service teachers who took elective courses for the study as the study group. It was 

decided to conduct the study at the second grade level, since the education faculty 

undergraduate programs only have elective courses in the second and fourth grade and fourth 

grade students concentrate on the KPSS exam. 

In the first week, in order to learn the personal information of pre-service teachers, Pre-

service Teacher Information Form was used. The form consisted of four questions. The first 

question was about identity information, the second question was gender, the third question 

was about the high school they graduated from, and the fourth question was about the state of 

being aware of the concept of STEM education (Have you heard about STEM education 

concept before? Yes/ No. If your answer is yes, explain this concept.). If the pre-service 

teachers marked yes in the fourth question, they were asked to explain the reason for the 

answer. The pre-service teachers' information is shown in Table 1. 

 

Table 1. Information of study group pre-service teacher 
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18 15 3 1 12 4 - 1 - - 18 

All of the pre-service teachers answered "No" to the fourth question. For this reason, it 

was determined that all pre-service teachers did not have any knowledge of STEM education 

before the STEM curriculum was applied. 
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2.3. Data Collection Tools and Data Collection 

2.3.1. Education module evaluation form 

The form was prepared by the researcher in order to determine the suitability of the 

education modules (they include lesson plans, worksheets, measurement and evaluation tools, 

and related explanation and content information) prepared by the pre-service teachers to the 

STEM education approach. The form consists of three parts: “general evaluation form”, 

“lesson plan evaluation form” and “supplementary opinion”. The explanations for these 

sections are given below.  

The General Evaluation Form was prepared in the form of a three-level checklist 

consisting of three criteria in order to assess the general information status of the module 

prepared. The Lesson Plan Evaluation Form consisted of two parts. The first part was 

prepared as a two-level checklist consisting of ten criteria in order to evaluate the prepared 

lesson plans structurally and the second part was prepared as a five-level scoring key 

consisting of forty-seven criteria in order to determine the suitability of the prepared lesson 

plans to STEM education approach. The Supplementary Opinion section was designed to 

allow assessors to express their opinions if they wish to make evaluations or provide opinions 

outside the specified criteria for the module. 

In order to ensure the content validity of the evaluation form, a table of specifications was 

prepared including the dimensions that should be included in STEM lesson plan and the 

characteristics of these dimensions. Then, five field experts (one measurement and evaluation 

expert, two curriculum and instructions, two STEM education experts) were asked to 

evaluate by the giving the evaluation form and the table of specifications. Experts stated 

whether each item in the scale met the characteristics in the table, and if not, how it could be 

improved. Necessary corrections were made on the scale within the framework of the 

opinions of the experts. In order to ensure the face validity of the evaluation form, the 

opinions of the five field experts mentioned above were taken. As a result of the interviews, 

experts expressed that the expressions of the criteria in the form should be similar. Similar 

expressions were used in all criteria, taking into account expert opinions. 

Before the form was used in the study, a pilot application was performed to test its 

reliability. Using this form, two field experts-studying in the field of STEM education- 

evaluated ten STEM lesson plans published for free on the web. Shapiro-Wilk analysis was 

used to test whether the scores obtained from the experts showed normal distribution (Expert 

1 = 0.605; Expert 2 = 0.955; p> .05). After determining the normal distribution of the total 

evaluation scores of the experts, "Pearson Moments Multiplication Correlation Coefficient" (r 

= 0.87; p <0.01) and "Class Correlation Coefficient" (r = 0.86; p <0, 01) were calculated. 

When the scores obtained were examined, it was found that the correlation was high and 

therefore there was consistency between the total scores of the experts. In order to investigate 

the reliability of the form in more detail, Cohen's Kappa value, which enables the 

determination of the compliance ratio of the experts in each criterion, was also calculated. 

When the obtained value (k = 0.81) was examined, it was determined that the level of 

consistency among the scores of the experts for each criterion was high. According to the 

results mentioned above, the evaluation form was found to be reliable and it was decided that 

it was suitable for the study. In order to ensure reliability, before using the evaluation form, 

experts were informed on how to use the form. 

2.3.2. Interview form 

The form was prepared as a semi-structured interview form by the researcher in order to 

determine the opinions and suggestions of the pre-service teachers about the dimensions of 
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STEM curriculum and professional contribution. The interviews conducted using semi-

structured interview forms are directed around the questions and the subject(s) to be 

investigated are revealed (Merriam, 2009, p. 88). While preparing the interview questions, in 

order to ensure the content validity, the opinions of experts from each of the fields of 

measurement and evaluation, curriculum and instruction, and science education were 

consulted, and care was taken to ensure that the questions to be included in the form were in 

accordance with the general objective and sub-objectives of the study. In line with the 

opinions of experts, a question regarding the professional contribution of the program was 

added. After the interview form was prepared, the form was finalized according to the 

feedback received as a result of the pilot application on three pre-service teachers. 

2.4. Data Analysis 

2.4.1. Analysis of quantitative data 

Only quantitative data were obtained from the Education Module Evaluation Form. SPSS 

20 package program was used in the analysis of quantitative data. The Shapiro-Wilk test was 

used to check whether the scores obtained from the form meet the assumption of normality. 

According to the data obtained, it was determined that the data were not distributed normally 

(Pre-test = 0.808; Post-test = 0.799; p <.05). Therefore, Wilcoxon Signed Ranks Test, which 

is one of the nonparametric tests, was used in the analysis of the data. In this test, the scores 

obtained from measurements made on the same subjects at two different times are analyzed 

(Büyüköztürk, 2014, p. 174). 

When the education module evaluation form was used in the research process, the 

reliability of the research data was tested again by reliability analyzes. The form was used as 

a pre-test and post-test by three experts (two experts in curriculum and instruction, one expert 

in STEM education and developing lesson plans) within the scope of the research. 

Correlation coefficients of the scores obtained from three experts for pre-test and post-test 

were calculated. The intraclass correlation coefficient of the scores obtained from three 

experts within the scope of the pre-test and post-test was calculated. When the obtained 

correlation coefficients (rpre = 0.90; rpost = 0.91; p <0.01) were examined, it was found that 

there was consistency between the scores given by the experts. In addition, the Fleiss' Kappa 

value, which allows the experts to look at the compliance rate in each criterion, was 

calculated for a more detailed investigation of the reliability of the scores obtained from the 

form. When the values obtained (kpre = 0.84; kpost = 0.83) were examined, it was determined 

that the level of agreement was high among the scores given by the experts for each criterion. 

According to the results, it was determined that the data obtained from the evaluation form 

for the research were reliable. 

2.4.2. Analysis of qualitative data 

Qualitative data analysis is a process that involves combining and interpreting the 

statements of the participants with the findings of the researcher regarding those statements. 

This process is also a process of making sense (Merriam, 2009, p.167). Content analysis was 

preferred among the qualitative data analysis approaches in the study. In content analysis, 

similar data are brought together within the framework of certain codes/ concepts and themes 

and they are comprehensively edited and interpreted (Yıldırım & Şimşek, 2013, p. 259). 

Content analysis was performed on the data obtained by following the steps indicated below: 

The data obtained for each research question were combined, the answers given were 

grouped according to their similarities, and codes similar to the original views were created. 

The codes were determined by considering the sub-problems of the research and the 
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literature. After all the codes were determined, the data set was re-read and reviewed and 

coding was made to reflect the data in the best way. 

Later, the interrelated ones among these codes were brought together, and themes were 

determined in a way that could explain, cover and reflect all related codes. This process is 

thematic coding. The data collected in thematic coding is categorized through codes 

(Yıldırım & Şimşek, 2013, p. 268-269). 

After the codes and themes were created, their frequencies were determined. Codes were 

listed in descending order under the themes they belong to according to their frequencies. 

In this research, all steps related to the selection of the study group, preparation of data 

collection tools, data collection and analysis were explained in detail and thus external 

validity was tried to be ensured. Three types of data triangulation (triangulation) -the use of 

different data collection methods (two different data collection tools were used), multiple 

data sources (data collected from pre-service teachers at different times) and comparison of 

findings (findings obtained from different data collection tools were compared and 

interpreted)- determined by Denzin (1978) were done. The opinions of the two experts were 

taken about the tables created in the research. After the data analysis, the findings were 

examined by the participants and their opinions about reflecting the opinions of the 

participants were obtained. 

Some statements made to ensure the validity of the research are effective in ensuring 

reliability (Lincoln & Guba, 1985; Miles et al., 2013). External reliability was tried to be 

provided by making a detailed explanation about the process of the study. In order to ensure 

internal reliability, the data obtained by qualitative methods were tried to be explained with 

direct excerpts from the verbal and written statements of the participants. The data obtained 

from the study were analyzed by two experts. The consistency of the codes used by the two 

researchers was determined using Miles and Huberman's (1994) Consensus / (Consensus + 

Disagreement) x100 formula. The reliability percentage of the pre-service teacher interview 

form among the coders was calculated as 87%. 

2.5. Designing the STEM Curriculum 

The STEM Curriculum applied in the research was designed according to Taba's 

curriculum development model (Ornstein & Hunkins, 2009, p. 199). Firstly, the needs 

analysis, which is the first stage of the program development process, was conducted. In the 

study, democratic approach, which is one of the needs analysis approaches, was preferred. It 

was also made of document analysis examining the faculty of education graduate programs in 

Turkey and abroad. As a result of the needs analysis, it was found out that pre-service 

teachers did not know STEM education approach and teacher education programs did not 

include courses aimed at acquiring integrated teaching knowledge (Türk et al., 2018). Based 

on the identified needs, the learning outcomes of curriculum were determined. The content 

covering the theoretical knowledge required for the pre-service teachers of science teaching 

department to associate their fields with other STEM fields was selected. Student-centered 

approaches, strategies, learning models, teaching methods and techniques were identified for 

use in the learning-teaching process, and collaborative studies and practices were included. 

After the implementation of the curriculum, how to evaluate pre-service teacher was 

determined and related data collection tools were prepared.  

While designing the curriculum, Robert's (2013 ) suggestions for using it in the training of 

pre-service teachers who can apply integrated STEM education were taken into consideration  

(planning an integrated STEM lesson, choosing design tasks that integrate STEM content, 

finding solutions to problems using the engineering design process, supporting the 
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experiential learning environment, providing a cooperation environment for solving problems 

by applying STEM concepts etc.). 

A total of four experts, two from the field of curriculum and instruction and two from the 

field of science education (who work on STEM education), evaluated the STEM curriculum 

designed. As a result of the evaluation, the program was finalized according to the opinions 

of the experts. 

2.6. Implementation of the STEM Curriculum 

The STEM curriculum was designed in accordance with the modular programming 

approach. The 14-week curriculum included 11 modules for two hours of courses per week. 

Modules: “Introduction”, “STEM Education”, “Inquiry Based Learning and Problem Based 

Learning”, “Project Based Learning, Creativity and Innovation”, “Educational 

Technologies”, “Mathematical Modeling”, “Engineering Design Process”, “STEM Activity 

Application-1”, “STEM Activity Application-2”,  "Measurement and Evaluation in STEM 

Education”, “Preparing the Education Module”. The prepared curriculum was applied to the 

study group in weekly order and the effectiveness of the curriculum was evaluated according 

to the data obtained. 

3. Findings 

3.1. Change in Education Module Evaluation Scores 

The products prepared by the study group were evaluated by experts before and after the 

STEM curriculum was implemented. Table 2 shows the Wilcoxon signed rankings test to 

determine whether there is a significant difference between the total scores obtained from the 

evaluation form. 

Table 2. Comparison of pre-test and post-test total scores of pre-service teachers' module 

evaluation form 

Post-test – Pre-test N Rank average Z P D 

Negative sequence 0 ,00 -3,750* ,000 0,88 

Positive sequence 18 9,50    

Equal 0 -    

Total 18     

* Based on negative sequences 

 

When the analysis results given in Table 2 were examined, it was found that there was a 

statistically significant difference between the pre-test and post-test total scores of the 

education modules of the study group (Z = 3,750; p <, 01). Considering the mean of 

difference scores, the observed difference was found to be in favor of the post-test score. 

When the effect size value (d = 0.88>, 80) was examined, it was found that the applied 

curriculum affected the pre-service teachers at a high level. In addition, the median values of 

the pre-test and post-test total scores were calculated, and when these values were compared 

(Median pretest = 23.00; Median posttest = 95.50), it was determined that the post-test scores of 

the pre-service teachers increased significantly. 

Table 3 shows the Wilcoxon signed rankings test to determine whether there is a 

significant difference between the pre-test and post-test scores obtained from the sub-

dimensions of the education module evaluation form. 
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Table 3. Comparison of pre-test and post-test scores of pre-service teachers on sub-

dimensions of module evaluation form 

Sub-dimensions 

Post-Test–Pre-Test 
N 

Rank 

average 
Z P D 

1. General Evaluation Form 

Negative 

sequence 
0 ,00 

-

3,750* 
,000 0,88 

Positive 

sequence 
18 9,50    

Equal 0     

2.Lesson 

Plan 

Evaluation 

Form 

Section 

A 
 

Negative 

sequence 
4 2,50 

-

2,512* 
,012 0,59 

Positive 

sequence 
9 9,00    

Equal 5     

Section 

B 

General 

Negative 

sequence 
0 ,00 

-

3,792* 
,000 0,89 

Positive 

sequence 
18 9,50    

Equal 0     

Learning 

Outcome 

Negative 

sequence 
0 ,00 

-

3,792* 
,000 0,89 

Positive 

sequence 
18 9,50    

Equal 0     

Content 

Negative 

sequence 
0 ,00 

-

3,792* 
,000 0,89 

Positive 

sequence 
18 9,50    

Equal 0     

Learning-

Teaching 

Process 

Negative 

sequence 
0 ,00 

-

3,750* 
,000 0,88 

Positive 

sequence 
18 9,50    

Equal 0     

Measurement 

and 

Evaluation 

Negative 

sequence 
0 ,00 

-

3,750* 
,000 0,88 

Positive 

sequence 
18 9,50    

Equal 0     

Additional 

Information 

Negative 

sequence 
0 ,00 

-

3,906* 
,000 0,92 

Positive 

sequence 
18 9,50    

Equal 0     
* Based on negative sequences  

According to the analysis results given in Table 3, it was found that there was a 

statistically significant difference between the pre-test and post-test scores of the sub-
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dimensions of the education module evaluation form of the study group. Considering the 

mean of difference scores, the observed difference was found to be in favor of the post-test 

score.  

When the effect size values of the pre-test and post-test scores of the sub-dimensions of 

the education module evaluation form were examined in Table 3, it was determined that the 

curriculum affected the pre-service teachers within the scope of the lesson plan evaluation 

form part A (d = 0.59) at the middle level, while it affected the other sub-dimensions  at the 

high level (d> 0,80).  

According to the findings, it was found out that the designed curriculum was effective in 

the development of the pre-service teachers' competences in preparing the education module 

according to STEM education approach. Arslan (2018) also found that at the end of the 

course in which he conducted STEM-oriented laboratory practices, the pre-service science 

teachers improved their competence in planning and implementing activities for STEM 

education. Rinke et al. (2016) in the study, which examined the results of STEM teacher 

education model built on STEM-specific teacher education principles, they determined that 

pre-service teachers who took STEM course obtained more gains compared to pre-service 

teachers who took traditional course. König et al. (2020) found that pre-service teachers' 

lesson planning skills improved. 

3.2. Pre-service Teachers' Opinions on STEM Curriculum 

Pre-service teachers were asked questions about the dimensions of STEM curriculum. The 

findings were presented as subheadings separately. 

3.2.1. Pre-service teachers' opinions on the content of STEM curriculum 

Pre-service teachers were asked the question "What are your opinions on the content of 

STEM curriculum?". The findings are presented in Table 4. 

Table 4. Pre-service teachers' opinions on the content of STEM curriculum 

Theme Code f ft 

Effect of content on 

knowledge about 

STEM education 

It provided learning the knowledge needed to apply the 

STEM education 
18 

33 

Learning to do research-based, problem-based, project-

based and context-based learning enabled learning how to 

achieve learning in STEM education 

8 

Provided learning to relate STEM disciplines 4 

Provided to learn preparing measurement and evaluation 

tools suitable for STEM education 
2 

Provided to learn the relationship among STEM fields 1 

Effect of content on 

knowledge of 

STEM fields 

Provided to learn how to perform the engineering design 

process while the student was designing 
10 

22 
Provided to learn mathematical modeling 9 

Provided to learn the educational technologies 3 

Effect of content on 

pedagogical/ 

professional 

competencies 

Provided to learn the expression of science subjects in 

different ways 
2 

12 

Provided learning to do plan 2 

Provided learning how to provide meaningful learning 1 

Provided learning the student-centered education 1 

Provided to learn how to teach the issues by embodying 1 

Provided professional development 1 
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Acquiring information about other STEM fields gave 

different perspectives 
1 

Provided to learn applications and activities that will 

interest the student 
1 

Provided learning to create tables and graphics 1 

Acquiring knowledge on other STEM fields will enable 

better teaching in the future 
1 

Other 

Theoretical knowledge and praxis complemented each 

other 
8 

9 
Provided to prepare the module prepared at the end of the 

semester the better 
1 

Total 76 76 

When Table 4 was examined, it was found that the pre-service teachers reported their 

opinions about the theme "Effect of content on knowledge about STEM education" at most. 

In the context of this theme, pre-service teachers stated the most (f = 18) "It provided 

learning the knowledge needed to apply the STEM education". Pre-service teachers stated 

that the content of the curriculum enabled learning "to relate STEM disciplines", "to prepare 

measurement and evaluation tools suitable for STEM education" and “to learn the 

relationship among STEM fields".  

In the context of the theme “Effect of content on knowledge of STEM fields”, pre-service 

teachers emphasized that the curriculum provided "to learn how to perform the engineering 

design process while the student was designing" (f=10), "to learn mathematical modeling" 

(f=9) and "to learn the educational technologies" (f=3). Pre-service teachers also stated that 

theoretical knowledge and praxis complemented each other. 

Lambert et al. (2018) similarly prepared a two-year professional development program for 

teachers of mathematics, science and special education. As a result of the program, it was 

determined that teachers' knowledge of mathematics and science increased, they learned to 

make connections between STEM fields, they became willing to implement engineering 

design activities and their teaching practices were more qualified. Nadelson et al. (2013) 

prepared a two-year professional development program called "SySTEMic Solution" for 

primary school teachers. The findings of the study showed that the focus should be on the 

development of content knowledge in order to ensure the professional development of 

teachers regarding STEM education. As a result of the two-year education, it was determined 

that teachers' knowledge, self-confidence and efficacy implementation competencies 

increased significantly. A pre-service teacher's opinion about the content of STEM 

curriculum is as follows: 

"... It is important for us to learn STEM because we cannot apply STEM effectively if I do 
not know the purpose of STEM, the learning process, concepts of creativity and innovation, 
mathematical modeling and engineering design process." - PT6 

3.2.2. Pre-service teachers' opinions on the learning-teaching process of STEM curriculum 

Pre-service teachers were asked the question "What are your opinions on the learning-

teaching process of STEM curriculum". The findings are presented in Table 5. 
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Table 5. Pre-service teachers' opinions on learning-teaching process of STEM curriculum 

Theme Code f ft 

The effect of 

materials used 

Worksheets provided better learning 7 

20 

The visuals and videos used in presentations made it 

better to listen because they were remarkable 
7 

Giving group files was effective for viewing all products 

and performing self-assessment 
5 

Worksheets enabled to see the level of learning of the 

subject 
1 

The effect of the 

practical of the 

learning-teaching 

process 

Provided better learning 7 

15 

Provided high motivation 3 

Made the lesson fun 2 

Provided to do research and experimentation without 

giving direct information 
1 

Provided understanding that the practical lesson is 

effective 
1 

Provided experience to work to be done to the student 1 

The effect of 

learning-teaching 

process on learning 

The combination of theoretical knowledge and practice 

provided better learning 
6 

14 

Being active in class enabled permanent learning 4 

The use of station technique provided permanent learning 1 

Provided practical learning of different methods and 

techniques 
1 

Good communication with the instructor was effective in 

learning 
1 

Making presentations for theoretical knowledge was 

effective in learning 
1 

The nature of 

learning-teaching 

process 

Presentations were effective 8 

11 
Activities were instructive 1 

Activities were good 1 

Practice-weighted weeks were more fun 1 

The effect on the 

way of thinking of 

learning-teaching 

process 

Group work in activities/ practices enabled us to look at 

different perspectives 
2 

4 

Enabled to think differently 2 

Other 

Efficiency of the course enabled to come willingly each 

week 
1 

4 

Presentations made at the end of each course improved 

the ability to make presentations 
1 

Sometimes time was not enough 1 

Effective communication was established through eye 

contact and correct tone of voice 
1 

Total 68 68 

When Table 5 was examined, it was determined that the pre-service teachers expressed 

their opinions on the theme of "The effect of materials used" at most (f = 20). Pre-service 

teachers related to materials; stated that the worksheets provide better learning (f = 7), the 

visuals and videos used in presentations made it better to listen because it was remarkable (f 
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= 7), giving group files was effective for viewing all products and performing self-assessment 

(f = 5).  

Ormancı and Şaşmaz Ören (2010) emphasized that the worksheets provide information 

reinforcement, facilitate the identification of preliminary information and can be used for 

evaluation purposes. Demircioğlu and Atasoy (2006) stated that the worksheets prepared in 

accordance with the constructivist approach enable students to better structure their 

knowledge in their minds and actively participate in the course.  

The fact that the learning-teaching process was practical provided better learning (f = 7) 

and high motivation (f = 3) and made the lesson fun (f = 2). Pre-service teachers stated that 

the combination of theoretical knowledge and practice provided better learning (f = 6), and 

being active in the lesson provided permanent learning (f = 4). They also stated that the 

presentations were effective (f = 8). 

Kaya (2018) applied STEM activities to pre-service science teachers. The pre-service 

teachers stated that the activities gave them a different perspective, that the knowledge gained 

through the practices was learned permanently, that they increased their creativity skills, that 

they enjoyed the activities and that they found the lesson enjoyable. In the study conducted 

by Ensari (2017), pre-service teachers stated that STEM activities made the lesson more fun 

and remarkable, made the learning more permanent, enabled active participation in the lesson 

and made the subjects more comprehensible. Awad and Barak (2018) developed a STEM-

based program for pre-service science teachers. The researchers found that the program plays 

an important role in promoting meaningful learning, motivating pre-service teachers to help 

each other, positively influencing their interests and self-efficacy beliefs. A pre-service 

teacher's view of the STEM curriculum is as follows: 

"From the first week to the last week, presentations, activity papers and products used in 
the narration of all subjects showed us what STEM is, what it contains, and how to apply 
it... Activities made with worksheets suitable for each subject helped to strengthen the 
subject, to learn better and to make the lesson more enjoyable. This enabled us to learn 
effectively." -PT6 

3.2.3. Pre-service teachers' opinions on measurement-evaluation dimension of STEM 

curriculum 

Pre-service teachers were asked the question "What are your opinions on the measurement 

and evaluation dimension of STEM curriculum". The findings are presented in Table 6. 

Table 6. Pre-service teachers' opinions on measurement and evaluation dimension of 

STEM curriculum 

Theme Code f ft 

The effect of using 

different 

measurement and 

evaluation methods/ 

techniques 

The use of different evaluation methods (rubric, peer 

assessment, self-assessment, etc.) provided better learning 

to prepare forms appropriate to these methods. 

10 

19 

The use of different measurement forms provided 

practical learning of the use of forms 
5 

The use of different measurement tools enabled 

evaluation from every aspect 
1 

The use of different measurement tools enabled to see 

deficiencies of learning with different aspect 
1 

Peer and self assessment methods enabled objective 

criticism of himself and his friend 
1 
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Group assessments provided a broad overview of the 

products 
1 

The effect of 

evaluations on the 

determination of 

learning 

Enabled to recognize the shortcomings and mistakes in 

learning 
7 

15 
Self- assessment enabled to recognize own shortcomings 5 

Evaluation of outcomes and process provided more 

comprehensive evaluation 
2 

Revealed the level of learning 1 

The effect of 

evaluations on 

student studies 

Group evaluation enabled to study rigorously 3 

8 

Process evaluation enabled to be more careful and 

attentive when studying 
3 

Continuous evaluation and getting feedback made the 

studies more qualified 
1 

The evaluation of the prepared products provided a better 

preparation of the studies carried out in the subsequent 

weeks 

1 

Quality of 

measurements and 

evaluation 

Objective 1 

4 

Versatile 1 

Suitable for the topics of the week 1 

Evaluations were appropriate because the program is 

mainly focused on practice and group work 
1 

Other 

Feedbacks given during the evaluation provided 

correction of missing and mistakes 
1 

4 

Weekly opinion forms were effective to inquiry the 

information learned 
1 

Knowing that it's being evaluated enabled more 

motivation 
1 

Lack of written and oral exams made the process easier 1 

Total 50 50 

When Table 6 was examined, it was determined that pre-service teachers expressed the 

most (f = 19) opinions on "The effect of using different measurement and evaluation 

methods/ techniques" theme. Pre-service teachers stated that using different assessment 

methods each week enables them to learn how to prepare (f = 10) forms in accordance with 

these methods (f = 5). 

Nowadays, process-based measurement and evaluation approaches that enable students to 

identify their learning in a multidimensional way by examining their learning in different 

dimensions and way come to the forefront. Therefore, alternative measurement-evaluation 

approach has started to replace traditional measurement-evaluation approach. Yurdabakan 

(2011) emphasized that peer and self-assessment enables the active participation of students 

in the learning and assessment process and improves their learning in his study. In some 

studies, it is pointed out that alternative assessment-evaluation approaches allow students to 

follow the development of the student, see assessment as a part of the learning process, and 

evaluate the learning outcomes both product and process-oriented (Acar & Anıl, 2009; Çil & 

Çepni, 2018). 

It was determined that the evaluations made according to the opinions of the pre-service 

teachers enabled them to realize their own learning deficiencies and mistakes (f = 7). Pre-

service science teachers stated in Ören, Ormancı, and Evrekli's (2011) study that alternative 

assessment and evaluation approaches enable them to be aware of their own development, to 
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follow this development easily, to be active in the lesson and to learn by doing. In addition, 

Mamlok et al. (2007) stated in their study that students' being active in their own assessment 

processes enabled them to take more responsibility. 

According to the opinions of the pre-service teachers, it was determined that the 

evaluations made pre-service teachers to be more careful and attentive while working (f = 6) 

and the studies to be more qualified (f = 1). Knowing that pre-service teachers will be 

evaluated using different assessment tools after completing their products/ performance tasks 

each week may have caused them to prepare their products meticulously and diligently. A 

pre-service teacher's opinion is as follows: 

"For example, we always had an evaluation in the process. You directed it this way. We 
saw our own mistakes. I have learned and applied peer and self-evaluation better. ... " 
PT12 

3.3. Pre-service Teachers’ Suggestions for STEM Curriculum 

Pre-service teachers were asked the question "What are your suggestions for STEM 

curriculum?". The findings are presented in Table 7. 

Table 7. Pre-service teachers’ suggestions on STEM curriculum 

Theme Code f ft 

Content 
Activities to integrate art with STEM can be included 4 

5 
Number of STEM activity can be increased 1 

Learning-teaching 

process 
Different methods and techniques can be used 2 2 

Materiel 

Different materials may be provided 1 

2 Products of secondary school students about STEM 

activities can be shown 
1 

Measurement-

evaluation 
Individual evaluations can be made 1 1 

Other 

Course duration can be increased 6 

8 

The classroom environment can be designed to suit the 

practice 
1 

Learned activities can be applied in a secondary school 1 

Number of teachers can be increased in order to facilitate 

the counselling process 
1 

Total 21 21 

When Table 7 was examined, it was found that the pre-service teachers proposed more (f 

= 5) opinions about the content dimension of the program. In the context of this theme, pre-

service teachers made suggestions like "Activities to integrate art with STEM can be 

included" (f=4) and "Number of STEM activity can be increased" (f=1). While explaining 

different STEM education approaches to pre-service teachers, STEAM approach was also 

mentioned. However, the pre-service teachers might have wondered if this approach was not 

given importance in the activities. They might have proposed to increase the number of 

activities in order to increase the understanding of the subject.  

The code "Course duration can be increased" was with the highest frequency (f = 6). Pre-

service teachers might have brought this suggestion because they had a shortage of time in 

the activities of the curriculum during the implementation process. Similarly, as a result of 

STEM-based environmental education of Kuvaç (2018), pre-service science teachers offered 
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suggestions to extend the duration of the course. A pre-service teacher’s suggestion on STEM 

curriculum are as follows: 

"Lesson hours could be longer. ... In order to spend time more efficiently when combined 
with theory, the teacher and the student should be given a longer period of time. "-PT3 

3.4. Pre-service Teachers' Opinions on the Contribution of STEM Curriculum to 

Future Professional Life 

Pre-service teachers were asked the question "What are the contributions of STEM 

curriculum to your future professional life?". The findings are presented in Table 8. 

Table 8. Pre-service teachers' opinions on the professional contribution of STEM 

curriculum 

Theme Code f ft 

Contribution to the 

knowledge and 

skills of designing 

learning-teaching 

process 

Provided to learn what to do in order to motivate the 

student in class 
5 

25 

Provided learning to apply STEM education 3 

Provided learning the features of the lesson process that 

enables students to learn more permanently 
3 

Provided learning the features of the lesson process that 

enables students to learn better 
3 

Provided learning to teach using new methods and 

techniques 
2 

Provided learning 5E learning model 2 

Provided learning to do activities/ practices that will 

improve students' imagination 
2 

Provided learning the elements that will enable the 

student to think creatively 
2 

Provided learning to design a student-centered learning 

environment with STEM activities 
1 

By linking science with technology, engineering and 

mathematics, provided to learn designing courses that 

enable students to think multi-faceted, develop products, 

innovate, and solve problems by research-questioning 

1 

Provided learning to relate the lesson with daily life 1 

Contribution to the 

knowledge of 

integrating/ 

associating STEM 

fields 

Provided learning to integrate/ associate science, 

technology, engineering and mathematics 
8 

13 Provided learning to integrate science and mathematics by 

mathematical modeling 
4 

Provided learning to integrate science with technology 1 

Contribution to the 

knowledge and 

skills related to 

STEM fields 

Provided learning the use of engineering in education 6 

9 

Provided acquiring knowledge and skills related to other 

STEM fields 
1 

Provided learning mobile applications and computer 

programs that can be used in science education 
1 

Provided to research and acquiring new knowledge on 

four disciplines 
1 

Contribution to the 

lesson planning 

competence 

Provided to learn preparing lesson and activity plan 

according to STEM 
4 

8 

Provided to learn applying 5E learning model in lesson 2 
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plan 

Provided to learn student-centered lesson planning  1 

Provided to learn lesson planning according to 

interdisciplinary approach 
1 

Contribution to the 

knowledge of 

measurement and 

evaluation 

Provided to learn preparing and applying alternative 

measurement and evaluation tools 
5 

6 
Provided to learn evaluation tools used to get to know the 

student 
1 

Contribution to the 

professional 

development 

Provided learning how to collaborate with colleagues 2 

4 

Provided learning to do research 1 

Provided learning the activities should be designed in a 

way that enables students to think creatively, conduct 

research and inquiry and find solutions by presenting 

products based on daily life problems. 

1 

Contribution to the 

competence of 

guiding the students 

Provided learning the principles of communicating with 

students 
1 

2 
Provided learning how to be guided when the student 

experiences problems during activities 
1 

Contribution to 

awareness about 

STEM education 

Provided discerning the importance of having knowledge 

about other STEM fields except their field 
7 

15 

Provided discerning the importance of technology in 

STEM education 
6 

Provided discerning that STEM activities offer significant 

opportunities to identify students' interests and to guide 

them 

1 

Provided to understand that the aim was not only to give 

theoretical knowledge, but also that it was to enable them 

to invent and innovate by guiding the student and making 

them think at higher order 

1 

Contribution to 

awareness about 

learning-teaching 

process design 

Provided realizing the positive effect of problem-oriented 

work on student's problem solving skills 
2 

6 

Provided realizing that the teacher should guide the 

student during the lesson 
2 

Provided realizing the effectiveness of a student-centered 

course 
1 

Provided realizing the importance of making students 

think about their daily life problems 
1 

Contribution to 

awareness about 

measurement and 

evaluation 

Provided realizing the importance of giving feedback 

after the activity 
1 1 

Other 

Provided realizing the importance of responsibility of 

student training 
2 

5 

Provided realizing what needs to be done to train more 

qualified students 
1 

Provided realizing that different and beautiful products 

can be presented with simple materials 
1 

Practical training provided empathy to understand 

students 
1 
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Total 94 94 

When Table 8 was examined, it was determined that pre-service teachers gave the most 

opinions (f = 25) about "Contribution to the knowledge and skills of designing learning-

teaching process" theme. Pre-service teachers stated that the program provided to learn what 

to do in order to motivate the student in class. Alsop and Watts (2000) stated that emotions 

related to the subject to be learned affect learning. The introduction phase of the course is 

very important because students' willingness for the learning process will affect their active 

participation in the course. This finding is important since the fact that pre-service teachers 

started to care about students' emotions will affect the overall lesson positively. 

The pre-service teachers also stated that the program provided learning to apply STEM 

education (f=3), the features of the lesson process that enables students to learn more 

permanently (f=3) and better (f=3), to teach using new methods and techniques (f=2), 5E 

learning model (f=2), the elements that will enable the student to think creatively (f=2), to do 

activities/ practices that will improve students' imagination (f=2) and to design a student-

centered learning environment with STEM activities (f=2). The 5E learning model is seen as 

an effective learning model in the implementation of STEM-oriented teaching because there 

is a meaningful relationship between the stages of the learning model and all stages are 

connected to each other and these stages provide students with the opportunity to experience 

how to conduct scientific research and to solve problems such as engineers (Dass, 2015). The 

STEM approach ensures student-centered learning and the student to actively use the 

knowledge and skills acquired in different situations. Active learning is preferred in STEM 

education because of improving student's self-learning skills (Aydede & Kesercioğlu, 2012) 

and increasing success in science, engineering and mathematics (Freeman et al., 2014). It is 

important that pre-service teachers learned to design student-centered learning environments 

in order to apply the basic philosophy of STEM education. 

It has been found out that pre-service teachers learned to integrate/ associate science, 

technology, engineering and mathematics (f=8), to integrate science and mathematics by 

mathematical modeling (f=4), to integrate science with technology (f=1) and the use of 

engineering in education (f=6) with STEM education program within the scope of the 

integration/ association of STEM fields. Mathematical modeling process is the adaptation and 

interpretation of the result obtained by the mathematical realization of a real life problem 

(Karahan & Bozkurt, 2018). When mathematical modeling is made to solve real life 

problems, it is ensured that students' conceptual structures are created, developed or revised. 

Therefore modeling and STEM training are similar (Lesh & Doer, 2003). Engineering 

discipline enables the integration of science, technology and mathematics when appropriate 

learning environments are created. Engineers' use of science and mathematics, especially in 

model building and data analysis (Katehi et al., 2009), provides guidance in the association of 

this field with other STEM fields. In this respect, engineering discipline is important for 

STEM education. Another field of STEM is technology. Lantz (2009) argues that STEM 

education should be integrated using technology-supported learning tools. Technology helps 

students acquire knowledge and practice-based skills in different disciplines to solve real-life 

problems (Cavanagh & Trotter, 2008). Since STEM education is an approach based on the 

integration of STEM fields (Bybee, 2013; Moore et al., 2014; Sanders, 2009), it is important 

that pre-service teachers have knowledge about STEM fields except of science and the 

integration of these fields so that they can successfully implement this approach in the future.  

Pre-service teachers stated that they learned to prepare lesson and activity plan, apply 5E 

model in lesson plan and student-centered lesson planning during the implementation of the 

program. Preparing a lesson plan includes the selection of methods, techniques and materials 
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appropriate for the learning outcomes stated in the curriculum, development of activities, 

editing real life situations and planning the lesson process (Kablan, 2012). As there is not a 

ready program for STEM education in the curriculum, the pre-service teachers themselves 

should select the learning outcomes related to STEM fields from the related curriculums and 

plan their education according to STEM education. In this respect, it is an important finding 

that pre-service teachers learned to prepare lesson/ activity plan in accordance with STEM. In 

addition, Buyruk and Korkmaz (2016) stated that in order for STEM education to be reflected 

in the education system in our country, pre-service teachers should be aware of STEM 

education while continuing their education in education faculties. The findings show that the 

applied curriculum raised the pre-service teachers awareness about STEM education. Some 

of the opinions of a pre-service teacher about the contribution of STEM curriculum to their 

future professional life are as follows: 

"I have learned how to apply STEM in my future teaching life and how to tell a topic with 
STEM. In STEM education, I learned how to apply science, technology, mathematics and 
engineering and how to combine them. ... I learned to prepare an evaluation tool 
according to the alternative approach. We have learned how to use the engineering design 
process in education." -PT1 

 

4. Results and Suggestions 

The results obtained from the research findings were explained according to the sub-

objectives of the research and presented below. 

 It was concluded that the STEM curriculum was effective in the development of the 

pre-service teachers' competences in preparing the education module according to the STEM 

education approach. 

 While designing the STEM curriculum, it was aimed to acquire the basic content 

knowledge necessary for the pre-service teachers to learn and apply STEM education 

approach, and the pre-service teachers were expected to experience a student-centered, 

practice/ activity-oriented, group-based learning process using materials to enable them to be 

active. In addition, It is aimed to determine the development of pre-service teachers by 

evaluating with process and product evaluation. As a result of the positive opinions of pre-

service teachers about STEM curriculum and findings, it was determined that the dimensions 

of the program were prepared in accordance with these aims. 

 Pre-service teachers proposed to include activities that integrate art with STEM, to 

increase the number of STEM activities, to use different methods-techniques and materials, 

and to increase the duration of course. According to these findings, it was concluded that pre-

service teachers wanted to learn different STEM approaches and activities, to work with 

different materials and to apply different methods, and that the course duration was 

insufficient. 

 Since there is no STEM education department in the undergraduate programs of the 

Faculty of Education, pre-service science teachers need to have the knowledge and skills 

related to STEM fields as well as the appropriate learning models, teaching methods and 

techniques for STEM to successfully implement the STEM education approach. It was 

concluded that the STEM curriculum contributed to the knowledge and skills, professional 

competencies and awareness of pre-service teachers about preparing educational material 

according to STEM education approach. 
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In line with the results of the research, suggestions were made for the university 

management, faculties, the institutions and researchers.  

 The classes of the courses aiming to learn STEM education approach should have 

physical equipment and design in which group and individual studies can be done, materials 

should be ready in the classroom, learning environment should be arranged in such a way that 

classroom activities can be applied. 

 Student-centered methods and techniques can be used in the learning-teaching 

process of the courses in education faculty programs. 

 STEM Curriculum can be included as compulsory or elective courses in the teacher 

education programs.  

 The subjects and applications related to integrating / associating STEM fields can be 

included in the content of the courses in which the STEM education approach can be 

associated in the education faculty programs. 

 STEM curriculum can be implemented in other STEM fields other than the Science 

Teaching Department and opinions can be obtained from the program.  

The STEM curriculum can be implemented within the context of a course with pre-service 

teachers from all STEM fields, or the STEM curriculum may be implemented in the context 

of a course in which all STEM faculties participate in the course. 
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