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This study aimed to examine the metaphorical perceptions of science 

teacher candidates regarding STEM. The ninety-two science teacher 

candidates in the 3rd grade received four-week STEM Implementation 

Training, which included STEM activities. In line with the answers given 

to the metaphor before and after the training, opinions about STEM were 

determined and possible changes were examined. Phenomenology, one of 

the qualitative research designs, is present in the study. Metaphors were 

analyzed using the content analysis technique. To ensure the reliability of 

the research, the determined codings were checked by two field experts and 

the results were evaluated by reaching a consensus. The metaphors 

collected in the study were matched under categories with a reliability of 

0.87. In the study, it was determined that one-third of the participants had 

never heard of STEM before. However, STEM is mostly associated with 

metaphors such as "life, game, scientific game, invention, universe, 

imagination, machine, transition from abstract to concrete, science, puzzle, 

textbook, different perspective and dream". While 41 different metaphors 

were produced for STEM before the training, this number increased to 50 

after the training. At the end of the training, participants' negative 

metaphors about STEM were replaced by positive ones, four of the 

categories remained the same and six categories changed. In the study, it 

was concluded that ideas about the purpose of STEM were formed. 
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INTRODUCTION   

Using, technology in the classroom has become increasingly important in modern education. 

Technology has the potential to make learning more interactive, engaging and fun for students. 

It provides opportunities for multimedia presentations, interactive simulations, educational 

games and virtual reality experiences that can attract students' attention and increase their 

motivation to learn (Uşun, 2004; Şimşek, 2015). Technology provides interactive and engaging 

learning materials that attract students' attention. With the use of visual and auditory elements, 

learning experiences become more engaging and increase student engagement (Alpar et al., 

2007; Yumuşak & Aycan, 2002). Technology can personalize learning to suit different learning 

styles, needs and speeds. It provides students with the opportunity to deliver content that meets 

their individual goals and can adapt the learning process to the needs of the student. Technology 

improves students' collaborative skills and communication abilities. With the development of 

technology, digital educational games have gained importance (Akpınar, et al., 2005; Özer, 

2020).  

It is known that as a significant part of economic development comes from technological 

innovation, it is important to train engineers and science experts and to spread science and 

technology literacy (Miaoulis, 2009). Serious issues such as the economic competition between 

countries, the development of industry and technology, and the gradual decrease in non-

renewable energy resources have necessitated changes in the knowledge and skills that people 

need to acquire both in business life and in our daily lives (Roehrig et al., 2012). Providing 

students with 21st-century skills such as creativity, innovation, entrepreneurship, informed 

career choice and adaptability to business life is crucial for strengthening the country's economy 

and social infrastructure (MoNE, 2015). 

The skills that students are expected to acquire with the STEM approach are in line with 21st-

century skills (Bybee, 2010; Sanders, 2009). The four branches of STEM (Science, Technology, 

Engineering and Mathematics), especially science and mathematics, have been important for 

all students' academic careers (White, 2014). STEM was first used as SMET (Sanders, 2009), 

and is a work of the National Science Foundation (NSF) (White, 2014). 

Thanks to STEM, individuals are expected to gain qualities such as developing problem-solving 

skills, increasing their creativity and production (Bybee, 2013; Tezel & Yaman, 2017). STEM 

paves the way for entrepreneurship on a global basis and builds bridges between school, 

business and society (Thomas, 2014). By transforming the information taught at school into 

designs and products in engineering and technological fields, the information will be learned 

permanently, and the purpose of STEM will be achieved (Timur & Inancli, 2018). STEM also 

increases students' interest in science lessons (Yamak et al., 2014). STEM activities before 

university also increase students' interest in professions related to STEM fields (Edzie, 2014). 

The STEM Education Report published by the Ministry of Education includes topics such as 

the importance of STEM, a new model proposal, teacher training, establishment of STEM 

Education Centers, conducting research, updating curriculum, and improving conditions in 

schools (MoNE, 2016). 
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In the Science Curriculum published in 2018, STEM integrated studies were carried out in the 

curriculum by including the Science, Engineering and Entrepreneurship Applications section in 

the 4th, 5th, 6th, 7th and 8th grades. STEM to be acquired by students is implicitly included in 

the achievements in the curriculum, and the products created by applications are expected to be 

exhibited in the lessons (MoNE, 2018). Secondary school students think that STEM activities 

benefit them in many ways, that they want to improve themselves more in these areas, and that 

STEM activities should be included in classes (Gokbayrak & Karisan, 2017). Removing the 

boundaries between disciplines will increase the value of STEM by reflecting the positive 

effects of the fields in which students are more interested in other fields (Gulhan & Sahin, 

2020). 

Revealing the perceptions of teachers and teacher candidates towards STEM will be important 

to identify existing misconceptions and correct them before it is too late. In this study, teacher 

candidates are enabled to express their current perceptions and explain abstract concepts more 

easily by concretizing them, thanks to the metaphors and related explanations they produce 

about STEM (Zengin & Ugras, 2019). What is meant by the concept of metaphor is the 

explanation of a concept, phenomenon, or event by comparing it to another concept, 

phenomenon, or event (Oxford et al., 1998). Since the meaning of a well-known situation is 

transferred to an unknown situation in metaphor, this method is effective in explaining a new 

phenomenon (Cerit,2008). In the field of education, metaphors can be used to express some 

concepts, perceptions and attitudes that are desired to be understood in more detail and clearly 

(Dos, 2010). Process-oriented evaluations are preferred in STEM-related studies increasing in 

Turkey (Idin, 2017). It is important to increase the training that includes STEM-related 

applications and expand the scope of education (Eroglu & Bektas, 2016). It is stated that 

metaphors are used in a minority of STEM studies conducted with prospective teachers (Ergun 

& Kiyici, 2019). Considering these evaluations in the literature, it is thought that the study will 

contribute to the literature. 

This study aimed to determine the metaphorical perceptions of candidate science teachers about 

the concept of STEM. Participants were given a four-week applied training based on STEM 

activities. Data were collected with a metaphor sentence before and after the training. In this 

way, the changes between the metaphorical perceptions of the participants before and after the 

STEM implementation training were analyzed. In this context, the following questions were 

sought to be answered in the research: 

1) Which metaphors explain the concept of "STEM" before the applied education? In which 

categories are these metaphors grouped? 

2) Which metaphors explain the concept of "STEM" after the applied training? In which 

categories are these metaphors grouped? 

3) Were changes observed in metaphors and categories before and after the applied training? 
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METHOD 

The research has the nature of phenomenology, which is one of the qualitative research designs. 

The qualitative method is aimed to reflect what individuals experience from the participant's 

perspective (Merriam, 2013). In phenomenology, existing phenomena in individuals are 

revealed in detail by conceptualizing the data and revealing themes that can describe the 

phenomenon (Yildirim & Simsek, 2011). In this study, this design was preferred with the aim 

of examining the participants' current STEM perceptions and their changes after the training in 

depth. 

Participants 

Participants in the study were determined according to easily accessible case sampling, one of 

the purposeful sampling methods, and the principle of volunteering. This sampling method 

speeds up the study by making it easier to determine the study group (Yildirim & Simsek, 2011). 

92 science teacher candidates studying in the 3rd grade at the faculty of education of a state 

university participated in the research. 

Data collection and analysis 

In the study, “What are the metaphorical perceptions of science teacher candidates regarding 

STEM before and after the STEM Implementation Training?” STEM metaphor sentence was 

used to get an answer to the problem sentence. With this sentence, participants were asked to 

define STEM with a metaphor and state the reason for the metaphor they used. For this purpose, 

prospective teachers asked, “STEM is like …………. Because …………."  and the sentence 

has been completed. With the metaphor sentence, the participants express their feelings and 

thoughts freely (Creswell, 2008). Participants received a four-week STEM Implementation 

Training, which included STEM activities. The specified metaphor sentence was applied to the 

participants before and after the training and data was collected at two different times. 

The four STEM activities carried out in the implemented education were based on the subject 

areas of Living Things and Life, Physical Phenomena, Matter and Nature, Earth and Universe 

in the Science Curriculum (2018). Artificial Hand, Let's Build Our Bridge, Inflating a Balloon 

Without Blowing, Solar System Model activities were carried out with design-based learning 

model stages. In this model, the construction stages of the activities are as follows (Penner et 

al., 1997; Penner et al., 1998): 

• Dividing the participants into groups. 

• Explanation of the researcher's role in the design to be made in the activity. 

• Making design plans by groups. 

• The researcher initiates the class discussion and participants convey their thoughts. 

• Making model presentations by taking the participants through testing, evaluation and 

review stages. 

• The researcher conducts studies on STEM through the models made.  
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The data collected in the study were analyzed in the stages of coding, sorting, category 

development, ensuring validity and reliability, data recording and interpretation. In the study, 

metaphors were analyzed using the content analysis technique. The process of identifying, 

quantifying, and interpreting recurring themes, issues, and ideas in qualitative data is known as 

content analysis (Silverman, 2000). The metaphors created by the prospective teachers were 

first sorted alphabetically and coded. Papers that did not provide a justification in the metaphor 

sentence and did not make a connection were eliminated. The metaphors in the papers were 

examined, the main categories to which they would be associated were created and interpreted. 

The relationship between them was analyzed by determining how the metaphor was 

conceptualized and what the common features of the metaphors produced were. To ensure the 

reliability of the research, the determined codings were checked by two field experts and the 

results were evaluated by reaching a consensus. In the data analysis, it was determined that the 

metaphors collected were placed in the categories with a reliability of 0.87 by using the 

reliability formula of consensus and disagreement (Reliability Formula= Consensus / 

Consensus + Disagreement) (Miles & Huberman, 1994). 

 

RESULTS 

Metaphorical perceptions of the concept of STEM before the training 

Science teacher candidates' metaphors regarding the concept of STEM were determined before 

the practical training. 31 out of 92 participants stated that they had never heard of STEM before. 

The metaphors they created about STEM are given with their frequency in Table 1. As can be 

seen in the table, a total of 41 metaphors were mentioned about STEM and 30 of these 

metaphors were produced by only one participant. It is seen that teacher candidates associate 

STEM with the metaphors of "life (8), games (3), creativity (3), puzzle (2), reality (2), use in 

daily life (2), invention (3), machine (2), technology (2), technology design course (2), 

experience (2)". 

In line with the explanations given to the metaphors related to STEM, 9 categories were formed. 

Frequency and percentage values of the categories are given in Table 2. Teacher candidates 

explained STEM as being like life and in all areas of life with a rate of 13.0%, accommodating 

many fields with a rate of 12.0%, producing products with a rate of 5.4%, providing permanent 

learning with a rate of 4.3%, being both fun and instructive and being design-oriented, making 

the individual active and increasing reality with a rate of 3.3%, and being a hassle with a rate 

of 2.2%. The 17 metaphors that could not be placed in any category are not given in the table. 
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Table 1. Frequency values of metaphors produced for STEM before applied training 

No Metaphor Name Frequency(f) No Metaphor Name Frequency(f) 

1 life 8 22 dreams 1 

2 invention 3 23 explore 1 

3 games 3 24 book 1 

4 creativity 3 25 reinforce 1 

5 crossword 2 26 amusement park 1 

6 reality 2 27 mechatronics 1 

7 using in daily life 2 28 model creation 1 

8 machine 2 29 engineering and science 1 

9 technology 2 30 students 1 

10 
technology design 

course 
2 31 problem-solving methods 1 

11 experience 2 32 draw a picture 1 

12 horse carriage 1 33 robot 1 

13 baby 1 34 virtual world 1 

14 composite 1 35 exams 1 

15 computer 1 36 stem 1 

16 science 1 37 designing 1 

17 scientists 1 38 puzzle 1 

18 chameleon 1 39 auxiliary resources 1 

19 children 1 40 cooking 1 

20 sock ripper 1 41 smartphone 1 

21 activities 1  Total 61 

 

Table 2. Categories obtained from the metaphors produced for STEM before the applied 

training 

Category Frequency (f) Percentage (%) 

To be like life and to be in all areas of life 12 25,0 

Accommodating many fields 11 22,9 

Producing a product 5 10,4 

Providing permanent learning 4 8,3 

Being both fun and instructive 4 8,3 

Being design-oriented 4 8,3 

Making the individual active 3 6,3 

Increasing reality 3 6,3 

Being a hassle 2 4,2 

Total 48 100 

The metaphors in the STEM categories are given in Table 3 with their frequency counts. The 

category indicates that STEM accommodates many fields; mechatronics field, stem, science, 

baby, cooking, compound, robot, computer, machine, engineering and science metaphors. In 

the category indicating that STEM makes the individual active, there are activity and 
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technology design course metaphors. In the category indicating that STEM increases reality, 

there are reality and virtual world metaphors. In the category indicating that STEM is like life 

and in all areas of life; there are metaphors of using in daily life, life and experience. In the 

category indicating that STEM provides permanent learning, there are book, reinforcing the 

subject, student and auxiliary resource metaphors. In the category indicating that STEM is both 

fun and instructive, there are game and amusement park metaphors. In the category indicating 

that STEM is design-oriented, there are metaphors of designing and creativity. In the category 

indicating that STEM is a hassle, there are crossword metaphors. In the category that indicates 

producing a product, there are metaphors of scientist, invention and explore. 

Table 31. Frequency values of metaphors in STEM categories before applied training 

Metaphor Frequency (f) Category 

machine 2 

accommodates many fields 

stem 1 

science 1 

baby 1 

cooking 1 

compound 1 

robot 1 

computer 1 

mechatronics field 1 

engineering and science 1 

technology design lesson 2 
making the individual active 

activity 1 

reality 2 

increases reality  

virtual world 1 

life 8 

be like life and be in all areas of life use in daily life 2 

experience 2 

book 1 

provides permanent learning 
reinforce 1 

student 1 

auxiliary resources 1 

games 3 
being both fun and instructive, 

auxiliary resources 1 

creativity 3 
design-oriented 

designing 1 

crossword 2 being a hassle 

invention 3 

producing a product scientists 1 

explore 1 

Total 48  
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Metaphorical perceptions of the concept of STEM after the training 

Teacher candidates’ metaphors about STEM after the training were determined. Of the 92 

participants, the papers of 4 people who did not fill in the metaphor sentence were excluded 

from the analysis, and the remaining 88 data were analyzed. The frequency of the participants' 

metaphors about STEM is shown in Table 4. A total of 50 metaphors were mentioned about 

STEM and 38 of these metaphors were produced by only one participant. STEM was mostly 

associated with the metaphors of "life (14), game (5), scientific game (4), invention (5), universe 

(3), imagination (3), machine (3), from abstract to concrete (3), science (3), puzzle (2), book 

(2), different perspective (2) and dream (2)". 

Table 4. Frequency values of metaphors produced for STEM after the training 

No Metaphor Name Frequency (f) No Metaphor Name Frequency 

(f) 

1 life 14 26 rainbow 1 

2 invention 5 27 imaginary 1 

3 game 5 28 life and technology 1 

4 scientific game 4 29 sculptor 1 

5 science 3 30 making a cake 1 

6 universe 3 31 discoveries 1 

7 imagination 3 32 book 1 

8 machine 3 33 labyrinth 1 

9 from abstract to concrete 3 34 lego 1 

10 crossword 2 35 making a model 1 

11 textbook 2 36 mathematics 1 

12 different perspective 2 37 model creation 1 

13 dream 2 38 ocean 1 

14 mother 1 39 play dough 1 

15 collision of atoms 1 40 pizza 1 

16 granny braid 1 41 problem-solving 1 

17 scientist 1 42 project 1 

18 building construction 1 43 robot 1 

19 cartoon 1 44 designing 1 

20 children 1 45 technology design 1 

21 all-round development 1 46 seed 1 

22 iron 1 47 hope 1 

23 studying 1 48 creativity 1 

24 entertainment 1 49 cooking 1 

25 activity 1 50 fruit produced 1 

    Total 88 

In line with the explanations given to the metaphors related to STEM, 10 categories were 

created. Frequency and percentage values of the categories are given in Table 5. STEM was 

explained as 20.5% creating products and models, 17.0% being like life and being in all areas 

of life, 12.5% enhancing creativity, 10.2% developing the individual in many ways and 
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accommodating many fields, 8.0% relying on and developing imagination, 5.7% providing 

effective and permanent learning, being open to development, 2.3% generating different ideas 

and translation into function. Apart from these, 5 metaphors (5.7%) that could not be placed in 

any category are not given in the table. 

Table 5. Categories obtained from the metaphors produced for STEM after the training 

Category Frequency (f) Percentage (%) 

Product and model creation 18 21,7 

Being like life and being in all areas of life 15 18,1 

Enhancing creativity 11 13,3 

Developing the individual in many ways 9 10,8 

Accommodating many fields 9 10,8 

Relying on and developing the imagination 7 8,4 

Providing effective and permanent learning 5 6,0 

Being open to development 5 6,0 

Generating different ideas 2 2,4 

Translation into function 2 2,4 

Total 83 100 

The metaphors in the STEM categories are given in Table 6 with their frequency counts. In the 

category of product and model creation; model creation, problem-solving activity, designing, 

building construction, crossword, invention, imagination, life and technology, sculptor, 

invention, discovery, model making, technology design lesson and seed metaphors were found. 

In the category of STEM being like life and being in all areas of life; there are life and 

mathematics metaphors. In the category of enhancing creativity, there are metaphors of science, 

scientist, scientific game, imagination, book, and creativity. In the category of developing the 

individual in many ways, there are metaphors such as collision of atoms, children, all-round 

development, activity, and game. In the category of accommodating many fields; science, 

making cake, machine, pizza, project, robot, and cooking metaphors are included. In the 

category of relying on and developing imagination, there are the metaphors of collision of 

atoms, cartoon, rainbow, imagination, and lego. In the category of providing effective and 

permanent learning; there are textbook, from abstract to concrete metaphors. In the category of 

being open to development, there are grandmother's braid, universe and ocean metaphors. In 

the category of generating different ideas; there is a different perspective metaphor. In the 

category of translation into function; there are iron and play dough metaphors. 
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Table 6. Frequency values of metaphors in STEM categories after applied training 

Metaphor Frequency (f) Category 

invention 4 

Product and model creation 

crossword 2 

designing 1 

building construction 1 

problem-solving activity 1 

invention 1 

imagination 1 

life and technology 1 

sculptor 1 

model creation 1 

discovery 1 

model making 1 

technology design lesson 1 

seed 1 

life 14 Being like life and being in all areas of life 

 mathematic 1 

scientific game 4 

Enhancing creativity 

 

imagination 2 

science 2 

scientist 1 

book 1 

creativity 1 

game 5 

Developing the individual in many ways 

children 1 

all-round development 1 

activity 1 

collision of atoms   1 

machine 3 

 

 

 

Accommodating many fields 

making cake 1 

science 1 

pizza 1 

project 1 

robot 1 

cooking 1 

imagination 3 

Relying on and developing the imagination 

 

cartoon 1 

rainbow 1 

collision of atoms   1 

lego 1 

from abstract to concrete 3 Providing effective and permanent learning 

 textbook 2 

universe 3 
Being open to development 

 
grandmother's braid 1 

ocean 1 

different perspective 2 

Generating different ideas 

 

iron 1 
Translation into function 

play dough 1 

Total 83  
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DISCUSSION 

In the study, STEM was introduced to science teacher candidates through a four-week STEM 

Implementation Training (SIT) in which activities were prioritized. Participants' metaphorical 

perceptions of the concept of STEM before and after SIT were determined and current changes 

were analyzed.  

Before SIT, 31 out of 92 teacher candidates (34%) could not complete the metaphor sentence 

by stating that they had never heard of STEM before. This is thought to be because there is no 

course on STEM in the participants' universities. In addition, those who had heard about STEM 

before were mentioned very briefly in some courses or learned about it in seminars they 

attended. Studies have shown that approximately half of science, mathematics and informatics 

teachers have never heard the term STEM before (Cevik, 2017). 

Before the SIT, 43 metaphors were identified. The frequency of 31 of these metaphors was 1. 

Out of 61 metaphor sentences, half of them defined STEM with different words. STEM was 

mostly associated with the metaphors "life, game, creativity, puzzle, reality, using in daily life, 

invention, machine, technology, technology design course, experience". It was mentioned that 

STEM is like life in general and is in all areas of life, includes many fields, produces products, 

provides permanent learning, is both fun and instructive, is design-oriented, makes the 

individual active, increases reality, and is challenging. 

After the SIT, participants stated a total of 50 metaphors about STEM. The frequency of 38 of 

these metaphors was 1. STEM was mostly associated with the metaphors "life, game, scientific 

game, invention, universe, imagination, machine, transition from abstract to concrete, science, 

crossword, textbook, different perspective and dream". However, it was concluded that teacher 

candidates did not have a negative perception of STEM. 

With the training provided to the participants, the number of metaphors that emerged increased 

as each participant formed a metaphor perception about STEM. The number of categories 

created in both processes increased from nine to ten. While four of the categories remained the 

same (being like life and in all areas of life, accommodating many fields, product and model 

creation, providing effective and permanent learning), 6 categories changed. 

The prominent features of STEM in general were very similar in both analyses. The reason for 

this is thought to be that the prior knowledge of those who have heard about STEM is similar 

to the information given in the training. The fact that the category of being a hassle before the 

training was not present at the end of the training and the emergence of the categories of 

creativity, imagination, being open to development, generating different ideas and functionality 

shows that the participants had positive and purposeful ideas about STEM. 

The reason why the metaphors after the training were gathered in the categories of 

product/model creation and life is thought to be that four different STEM activities were carried 

out by the participants during the training and a product was created. In addition, it is thought 

that the feature of developing creativity is related to the fact that the participants were offered 

a variety of materials during the activity and made their designs and models for the specified 

targets. 
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There are studies in the literature that show similarities with the metaphors and categories found 

in the research. Teacher candidates consider STEM as an interdisciplinary approach that moves 

forward, provides socialization and communication (Gokce & Yenmez, 2020). It was 

determined that teacher candidates perceived STEM as an interdisciplinary approach that 

provides learning by doing and experiencing in the process of creating new products and aims 

to raise individuals who produce solutions to problems (Ergun & Kiyici, 2019; Kizilay, 2018; 

Gomleksiz & Yavuz, 2018).  

The metaphors that a design is created with STEM, life and design-creativity metaphors are 

used, STEM is process-oriented and product-oriented metaphors are stated (Aladak et al., 2018; 

Bozkurt-Altan et al., 2016; Zengin & Ugras, 2019). The expression of STEM as an approach 

that utilizes knowledge in daily life, contributes to the solution of daily problems and develops 

the skills required by the age in individuals is in parallel with the metaphors mentioned in the 

study. 

The metaphors produced by primary school teacher candidates for STEM disciplines were 

science-life, doing science, experiment-laboratory, need-necessity, development-change, 

innovation, mathematics, design-creativity, mathematics as a pile of numbers, mathematics as 

a process, mathematics as a course that requires logic, and mathematics as a fun course (Zengin 

& Ugras, 2019). 

Kazu and Isik (2020) categorized science teachers' metaphors about STEM according to the 

skills expected from individuals in the 2018 World Economic Forum's Future of Jobs Report. 

The categories that produced the most metaphors were "Leadership and Social Impact", 

"Complex Problem Solving / Reasoning, Problem Solving and Understanding", "Analytical 

Thinking and Innovation / Creativity, Originality and Sociability", and the categories that 

produced the least metaphors were "Emotional Intelligence", "Technology Design and 

Programming" and "Critical Thinking and Analysis". Along with the research, it is seen in the 

literature that teacher candidates’ perceptions towards STEM are positive (Acar, Ecevit, 

Buyuksahin,2020; Gokce & Yenmez, 2020; Ergun & Kiyici, 2019, Gomleksiz & Yavuz, 2018).  

RECOMMENDATIONS 

Based on the results of the study, important recommendations are given below. 

 Increasing the number of studies to determine the metaphorical perceptions of teacher 

candidates about STEM is thought to be important in terms of concretizing the data 

about how much STEM education is understood. 

 It is thought that it will be important to provide courses in universities and to disseminate 

STEM education in order for teacher candidates to learn STEM education in their 

faculties. 

 In addition, it is thought that interdisciplinary cooperation is important through the 

cooperation of engineering fields with faculties of education. 
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 To better understand STEM education and to reveal its integrated, creative and 

productive aspects, it is thought that it would be more efficient to introduce it through 

applied trainings. 
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