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Abstract  In this study, the perceptions of prospective 
classroom teachers on science, technology, engineering 
and mathematics (STEM) education approaches have been 
examined through metaphors. The participants in this 
qualitative research project included 138 prospective 
teachers studying between the 2016-2017 academic year in 
the department of elementary education from the faculty of 
education at a public university in Turkey. In order to 
determine the perceptions of STEM teachers selected from 
different class levels, the prospective teachers were first 
educated about STEM education. Next, a form, on which 
the statement, "STEM Education 
(Science-Technology-Engineering-Mathematics) is 
like ...because ... " was presented to the prospective 
teachers, and they were asked to write a metaphor for 
STEM education, as well as to explain the reason. The data 
obtained from the forms were analyzed through content 
analysis. From the data analysis, the valid metaphors on 
STEM education created by the prospective classroom 
teachers were collected under 9 different conceptual 
categories, which were developed on the basis of common 
characteristics. These categories reveal that the prospective 
teachers regard STEM as a useful, necessary and highly 
appreciated approach that involved complementary fields. 
In some categories, it was found that there were significant 
differences in the rate of participants according to gender 
and class level. 

Keywords  STEM Education, Prospective Teacher, 
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1. Introduction
Science, technology, engineering and mathematics 

(STEM) education is an educational approach that focuses 
on the interdisciplinary nature of these fields. STEM is the 
purposive integration of various disciplines applied to 

solve real-life problems, and STEM is particularly 
important in that “Technology” and “Engineering” play 
such a critical role in the 21st century's economy [1, 2]. The 
STEM approach merges the independent disciplines of 
science, technology, engineering and mathematics into one 
unit; thus, the integrated disciplines are taught as one 
cohesive entity [3]. The interdisciplinary curriculum 
forming the basis of the STEM educational approach is 
holistic in nature, in that it combines disciplines to 
facilitate relevant, focused, meaningful, and purposeful 
learning for students [4]. 

The concept of STEM literacy is emphasized in relation 
with STEM education in the literature. Bybee [5] argues 
that STEM literacy should be turned into an educational 
priority for all students as soon as possible. STEM literacy 
means defining, using, and integrating STEM concepts to 
understand complex problems and to solve them 
innovatively [6]. Bybee [5] describes the STEM literacy 
skills as follows: 

1) Using it for acquiring knowledge about science,
technology, mathematics and engineering and
adding new knowledge, defining the subjects and
learning about topics related to STEM,

2) Understanding the STEM characteristics of human
activities covering research, analysis and design
processes,

3) Understanding how STEM disciplines shape our
material, intellectual and cultural world,

4) Engaging in STEM-related matters as interested,
affective and constructive citizens.

Although many countries in the world have been 
developing in STEM fields, the ratio of US students in 
STEM fields is decreasing at an alarming rate [7]. In 
international examinations conducted in recent years, it has 
been observed that the success of American students has 
decreased to below the average of OECD countries [8, 9]. 
The pioneers of STEM education argue that science and 
mathematics topics are more effective when integrated 
with technology and engineering concepts, and that 
through this integration of fields students will be better 
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prepared for STEM professions [10]. In the United States, 
several pieces of legislation have been enacted regarding 
STEM education, with the goal being that more students 
will become proficient in these disciplines [11, 12]. 

STEM education has been spreading to many countries, 
and STEM applications have become more and more 
popular in the education systems of countries. Studies on 
STEM education have also intensified in recent years on 
the following issues: strategies that can be applied in high 
school STEM education [13]; the mathematical standards 
related to STEM integration into educational programs (on 
documents such as NCTM) [14]; the organization of 
STEM activities in high school technology and engineering 
courses [15], how researchers conceptualize STEM in 
faculties [3], the organization of STEM activities in science 
classes [16]; maker movement within the scope of STEM 
education [17] and the introduction of robot kits [18], and 
the experiences of young students with STEM education 
and its impact on the continuation of their careers [19]. An 
example of such a study would be the one conducted by 
Han, Capraro and Capraro [20], who attempted to 
determine how participation in STEM project-based 
learning activities affected student performance level and 
mathematical achievements. At the end of the three-year 
study, underperforming students who underwent STEM 
education had higher improvement in mathematical grades 
at a statistically higher rate compared to that of students 
with medium and high performance. STEM project-based 
learning was therefore shown to be more beneficial for 
students having low performance at schools, the results of 
which suggest that the gap between low- and 
high-performing students can be reduced. Furthermore, a 
2-week STEM camp for secondary school students–the 
follow-up study of which showed learning experiences in 
informal STEM education environments provided 
significant benefits for the secondary school students, such 
as awareness of STEM topics and careers – increased the 
students’ enthusiasm, self-efficacy and content knowledge 
[21]. A STEM training program using robots to improve 
computational thinking skills was given to 5th grade 
teachers and students. Analysis of the data related to the 
use of this program revealed that the integrative program 
facilitated cognitive development and stronger 
problem-solving skills in students and improved teacher 
practices in supporting cognitive demands [22]. The 
participation of students in computer-based learning 
activities in mathematics classes has a positive effect on 
their choice of STEM branches [23]. 

Priorities have also been given to STEM education in 
Turkey, where studies on STEM have been carried out by 
the Ministry of National Education (MNE), as well as 
academicians. In the action report prepared by MNE on 
STEM in June 2016, the primary actions to be performed in 
this area were stated as follows: Establishment of STEM 
training centers, ensuring the cooperation between the 
centers established and the universities, the training of 

teachers in this area, and updating the curriculum and 
preparing the course materials for the program [24]. Çorlu 
emphasizes the importance of having a highly qualified 
STEM workforce to improve the innovation capacity of 
Turkey and of raising teachers who are capable of 
providing STEM education; however, teachers often lack 
the necessary integrated teaching knowledge to provide 
effective STEM teaching and learning opportunities. 

To better ensure the success of this process, it is 
important to determine the perceptions and perspectives of 
prospective teachers regarding STEM education. One way 
to do this is through metaphors. A metaphor is a figure of 
speech used to describe a concept by comparing it with 
other familiar concepts. Metaphors are commonly used to 
discover and understand something abstract, new, or 
hidden [26]. Furthermore, a metaphor is a type of behavior 
involving the identification and use of structural or 
dynamic characteristics that do not vary, and verbal 
metaphors are real explanations of the transformation in 
understanding the essential topic [27]. In developing them, 
metaphors serve to reflect, shape, and ultimately direct 
human behavior [28], and as such they play an important 
role as reflection and awareness-raising tools among 
educators. Metaphors organize thought and shape our way 
of perceiving the world and reality [29]. One of the ways of 
increasing teachers' awareness of the belief systems is to 
focus on the metaphors and imagery they use to describe 
their teaching [30]. Metaphor studies related to STEM 
education are not yet available in the literature. Therefore, 
it is believed this study, which examines the metaphorical 
perceptions of prospective teachers on STEM education, 
will contribute to the field. Accordingly, the sub-problems 
of the study can be listed as follows: 
 What metaphors do prospective classroom teachers 

use to describe STEM education? 
 In which conceptual categories can these 

metaphors be grouped in terms of common 
features? 

 How do these metaphors vary according to gender 
and class levels of prospective teachers? 

2. Method 
Qualitative research methods were used in the research. 

The data were collected through metaphors. This type of 
data collection is a more practical and easier method 
compared to interviewing, observing or examining a 
document. With one or more open-ended questions, very 
rich metaphors can be obtained from the person 
interviewed. In addition to simplicity and easiness, 
metaphors provide a very solid, broad picture of the subject, 
case, event and situation studied [31]. The study of 
metaphor has gained acceptance as a legitimate alternative 
to conservative and conventional approaches in exploring 
how participants think [32]. Metaphor has the power to 
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enhance the subject's understanding of educational 
problems and thus increase perspective-consciousness [33]. 
Guided by the premise that metaphors help people to make 
connections between things they know and things less 
familiar [34], it was assumed that the prospective teachers 
would be better able to explain STEM education by making 
a metaphor. Accordingly, this study sought to determine 
how prospective classroom teachers conceptualize their 
thoughts about STEM education through metaphors. 

2.1. Participants 

The research was conducted in the faculty of education 
of a public university in Turkey in the 2016-2017 academic 
year. A total of 138 prospective teachers studying in the 
classroom teaching department participated in the study. 
Among this total, 103 were female and 35 were male; 57 
were in their first year, 33 in their second year, 34 in their 
third year, and 14 in their fourth year. 

2.2. Data Collection Tools 

A form was developed on the basis of the literature, by 
the researchers in order to determine the perceptions of the 
prospective teachers on STEM education; expert opinion 
was also taken in developing this form. In addition to 
questions related to personal information of the prospective 
teachers, the form included the statement, “STEM 
Education (Science-Technology-Engineering-Mathematics) 
is like ...because ...” to get the prospective teachers to write 
metaphors about STEM education. 

2.3. Applications 

Prior to the collection of data, training on the STEM 
approach was given to the prospective teachers. In this 
training, the emergence, purpose, and content of the STEM 
education approach were explained to the prospective 
teachers. Afterwards activities related to STEM education 
and how it is applied in different areas were presented. In 
addition, examples of the STEM approach were shown to 
help the prospective teachers understand the concept 
behind the approach. At the completion of this process, the 
form developed by the researchers was distributed to the 
prospective teachers, and they were asked to write a 
metaphor for STEM education and explain its reason. 

2.4. Analyzing Data 

The metaphors that the prospective teachers put forward 
on the STEM education approach were analyzed through 
the content analysis technique. The main purpose in 
content analysis is to identify relations that can explain the 
obtained data. To do this, the collected data are first 
conceptualized, and then these concepts are arranged in a 

logical order. The features explaining the data are themed 
accordingly [31]. The metaphors developed by the 
participants were analyzed according to the stages 
proposed by Saban [35], namely, coding and sorting, 
compiling sample metaphor images, developing categories, 
and securing validity and reliability. 

In the coding and sorting phase, the metaphors created 
by the prospective teachers were examined one by one in 
order to understand whether they expressed the metaphors 
they wrote in a clear way. Subsequently, the metaphor 
papers were numbered to show the class levels of the 
prospective teachers (for example; F1.10 = female student 
numbered 10 in the first year and M4.8 = male student 
numbered 8 in the fourth year) and were coded according 
to the metaphor images they included. At this stage, 14 
metaphorical papers which did not include a metaphor 
image and/or did not provide any reason for the written 
metaphor image, and/or was believed by the researchers to 
provide no contribution to the understanding of the STEM 
education approach were excluded from the analysis. For 
example, while the metaphor, “STEM education is like a 
rainbow because if you find the end of the rainbow you 
become rich” is clear, the logical reason for the metaphor is 
unclear. This statement, therefore, fails to make any 
contribution to the understanding of STEM education. 

During the compilation phase of the sample metaphor 
image, the remaining 124 pieces of raw data were 
re-examined after being sorted, and the valid metaphor 
categorizations were determined according to the 
justifications. For the representation of these categories, 
the examples of metaphorical expressions from the 
justifications of the prospective teachers were selected. 
Thus, a sample metaphor list was created for each of the 
metaphorical groups from the participant metaphor images 
assumed to best represent them, and the frequencies of 
metaphors were calculated. 

During the category development phase, metaphors 
analyzed according to the content analysis and classified 
according to the reasons were associated with the specific 
themes based on the consensus of the researchers. These 
themes were named in such a way as to reflect the reasons 
for the metaphors, and a total of nine different conceptual 
categories were created. 

In qualitative research, detailed reporting of the 
collected data and explanations of how the researcher 
arrives at the results are among the important criteria of 
validity [31]. In the phase of ensuring the validity and 
reliability of the study, the manner in which the conceptual 
categories were created is explained in detail. In the 
Findings section, the metaphors written by the prospective 
teachers are individually numbered, and direct quotations 
from the participant views are presented. To test the 
reliability of the study, expert opinion was taken about the 
content analysis. Examples of the metaphor images 
developed and the conceptual categories created for this 
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purpose were shown to an expert, who was asked to 
compare and match the data with the original. The 
classification made by the expert was compared with the 
classification made by the researchers, and the differences 
were discussed again to reach a common opinion. 
According to the consensus, the valid metaphor images and 
conceptual categories were reorganized to arrive at the 
final form of the data analysis. It is believed that the 
consensus of the expert and the researcher in the data 
analysis improved the reliability of the study. 

3. Findings 
In this section, the metaphors written by the prospective 

classroom teachers about STEM education and the 
categories associated with them are presented. 

Table 1.  Metaphors under the category of STEM as mutually 
complementary areas 

Metaphors Prospective Teachers f 

Olla Podrida F1.93 / M3.132 / M3.128 / F2.55 / F3.3 / 
F3.29 / F1.107 7 

Watch M3.26 / F2.34 / F3.11 / F3.131 / M1.66 / 
M4.20 6 

Chain F3.10 / F1.90 / F1.89 / F1.102 / F1.82 5 

Colors F1.81 / F3.137 / F2.35 / F3.130 4 

Puzzle F1.75 / F4.88 / F1.73 / M4.74 / 4 

Sibling F2.44 / F3.37 / F1.70 / F3.33 4 
Four-Legged 

Stool F4.17 / M4.8 / F1.119 3 

Football M3.13 / M1.83 2 

Picture F3.32 / F1.52 2 

Total 37 

Table 1 presents the metaphors that fell under the 
category of STEM as mutually complementary areas. 
Prospective teachers produced nine valid metaphors under 
this category, namely, olla podrida, watch, chain, colors, 
puzzle, sibling, four-legged stool, football, and picture. The 
most frequently applied metaphor from these categories 
was olla podrida, which some of the prospective teachers 
(f = 7) used to describe STEM education, referring to it as a 
new meal composed of different tastes coming together. 
One prospective teacher expressed his view on this subject 
as follows: “STEM is like olla podrida because the meal is 
made by mixing all vegetables together. Although all the 
vegetables seem independent from each other, they merge 
to create the whole of the meal. STEM is also the same” 
(F1.93). As seen in the table, many prospective teachers 
likened STEM education to watches. This can be explained 
by the fact that while the different parts have no meaning 
alone, together they form a meaningful and necessary 
whole, that is, the watch. Through these metaphors, the 
prospective teachers communicated that science, 

technology, engineering and mathematics are fields that 
complement and support each other, and that these areas 
combine to form a meaningful whole. One prospective 
teacher who equated STEM to a puzzle stated, “STEM is 
like a puzzle, because each of the component parts is like a 
piece of the puzzle. In my opinion, when there is one 
without the other, something is missing; they complement 
each other” (F1.73). It was also stated by one prospective 
teacher that the lack of one of these areas would affect the 
others, using the metaphor of a four-footed stool. This idea 
was further expressed using the following metaphor: 
“STEM is like a four-legged stool, because if there is a 
problem on any one of the four legs of a stool, the entire 
system is hindered” (F4.17). 

Table 2.  Metaphors under the category of STEM as a useful approach 

Metaphors Prospective Teachers f 
Mobile 
phone 

F2.28 / F1.84 / M1.79/ M1.80 / F1.104 / 
F3.129 / F2.48 / F2.50 8 

Close 
Friend M2.30 / F3.12 / M2.64 / F4.16 / M4.24 5 

Water 
Cycle F3.139 / M2.62 / F2.54 / F2.53 / F4.15 5 

Sport F3.133 / F1.91 / F1.115 3 
Building 
Column F1.85 / F1.116 2 

Green F1.121 / F1.106 2 

Game F3.135 / F2.42 2 

Milk F2.27 / F2.65 2 

Total 29 

As seen in Table 2, the most frequently used metaphor 
under the category of STEM as a useful approach was 
mobile phone (f=8). Many of the prospective teachers see 
the mobile phone as very useful and indispensable. They 
also believe that STEM education is as useful as a mobile 
phone. The following is one of the metaphors used by a 
prospective teacher on this subject: “STEM is like a mobile 
phone because we can communicate with everyone by 
means of mobile phones. These sciences also make our life 
easier” (F2.28). In addition to mobile phone, close friend, 
water cycle, sport, building column, green, game, and milk 
were other metaphors applied under the ‘useful approach’ 
category. These metaphors identified in the data analysis 
reveal that the prospective teachers regarded STEM 
education as a beneficial and useful approach. Using the 
metaphor of sports, one prospective teacher wrote, “STEM 
is like sports; life will go on without sports but we continue 
our lives in a much more energetic way with them. In other 
words, practicing it is much more useful” (F3.133). The 
prospective teachers pointed out that this approach would 
contribute to the education system and to the development 
of the students and felt that STEM would benefit students 
in many ways. For example, one teacher stated, “STEM is 
like milk, because lots of products are obtained from milk. 
It is very useful for health” (F2.27). 
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Table 3.  Metaphors under the category of STEM as a needed approach 

Metaphors Prospective Teachers f 

Water F2.59 / F1.69 / F1.74 / M1.98 / F1.315 / F1.123 / 
F1.125 / F3.127 8 

Sun F1.103 / F2.61 / F2.51 / F2.63 / F1.87 5 

Heart F1.108 / F1.114 / F1.117 3 

Make-up F1.113 1 

Telephone F1.67 1 

 Total 18 

Table 3 presents the metaphors under the category of 
STEM as a needed approach. The metaphors applied in this 
category included water, sun, heart, make-up, and 
telephone. Prospective teachers who put forth these 
metaphors stated that STEM was a necessary and required 
approach in education. For example, the water metaphor 
expressed under this category actually proves that the 
prospective teachers see these disciplines as substantial, 
needed areas. The metaphor offered by one prospective 
teacher stated “STEM is like water, because STEM 
education is necessary for education just like the way water 
is needed for human health” (F2.59). Other metaphors, like 
the sun and the heart, found under this category show how 
vital and indispensable STEM education is: “STEM is like 
the sun, because all fields shed light on each other. Just like 
the sun, STEM is also vital. In order to raise a good future 
generation STEM should always be present” (F1.103). One 
prospective teacher, who likened STEM to a heart, 
explained it as follows “STEM is like heart, because 
without STEM, education fails to work properly and has no 
efficiency. Education stops where there is no STEM 
education. That is why I think STEM is like the heart. Vital 
activities stop without the function of the heart” (F1.108). 

Table 4.  Metaphors under the category of STEM as an approach 
containing different disciplines 

Metaphors Prospective Teachers f 

Hamburger M2.41 / F2.49 / F2.52 / F4.9 / F3.21 5 

Life M4.23 / F3.38 / F1.76 3 

Musical F2.40 / F2.43 / M4.25 3 

Rainbow F3.5 1 

Total  12 

The metaphors shown in Table 4 reveal that the 
prospective teachers regard STEM education as an 
interdisciplinary approach. They stated that STEM 
education was an approach that involved a combination of 
these areas, where each has an equal role and work in 
cooperation. The most frequently applied metaphor in this 
category was hamburger (f=5). With the hamburger 
metaphor, prospective teachers’ equated STEM education 
to fare that consisted of various foods: “STEM is like a 
hamburger, because it has everything in it. In other words, I 
liken it to a combination of education methods” (F4.9). The 
other metaphors in this category included life, musical and 

rainbow. Three prospective teachers likened STEM 
education to life and emphasized that STEM was made up 
of different fields: “STEM is like life, because life includes 
all the relations among science, nature, environment, 
mathematics and engineering. It explains the perfect 
relation in life. It exists in every area of life” (M4.23). The 
prospective teacher who compared STEM to a rainbow 
described it as follows: “STEM is like a rainbow, because it 
provides different beauties related to the colors of the 
rainbow. Just as the rainbow has different colors, this 
system may also have differences” (F3.5) 

Table 5.  Metaphors under the category of STEM as a highly liked 
approach 

Metaphors Prospective Teachers f 

Chocolate F3.100 / F3.126 / M1.105 / M1.96 / F2.47 5 

Hurricane M1.92 / F1.111 2 

Polar Star F2.60 / M1.71 2 

Total  9 

Another category to emerge as the result of the data 
analysis was the metaphor of STEM as a highly liked 
approach. This result shows that the prospective teachers 
liked STEM education. As seen in Table 5, there were three 
metaphors under this category: chocolate, hurricane and 
polar star. The most frequently used metaphor under this 
category was chocolate. Teacher candidates' chocolate 
metaphor demonstrates how much they liked STEM 
education and viewed it as an indispensable education 
approach. This can be seen in one of the prospective 
teacher’s metaphor, which stated, “STEM is like chocolate, 
once you get used to it, you cannot quit it” (F3.100). For 
the hurricane metaphor under this category, a prospective 
teacher shared, “STEM is like a hurricane, because if this 
system is fully implemented in our country and if a high 
level of efficiency is achieved, it will destroy all obstacles, 
like a hurricane” (M1.92). Some prospective teachers 
indicated that they found this educational approach as 
guiding: “STEM is like the polar star, because when we get 
lost at night, the polar star shows us the way. STEM also 
helps us find our direction. It gives us light in the dark” 
(F2.60). 

Table 6.  Metaphors under the category of STEM as an unnecessary 
approach 

Metaphors Prospective Teachers f 

Orange color F1.97 / F3.136 / F1.101 / F1.68 4 

A boring book M1.95 / M1.124 / F3.134 3 

 Total 7 

Some prospective teachers regarded STEM education as 
an unnecessary approach. The reasons expressed for the 
metaphors of orange and boring book revealed that the 
prospective teachers regarded this approach as unnecessary 
and boring. The following provide a couple of examples of 
the metaphors used by the prospective teachers under this 
category: “STEM is like the color orange, because it is 
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unnecessary and causes deterioration of the eyesight; it is 
not a must” (F1.97), and “STEM is like a boring book, 
because it is boring for me to apply it, no matter how useful 
and educational” (M1.95). 

Table 7.  Metaphors under the category of STEM as a constantly 
improving approach 

Metaphors Prospective Teachers f 

World F2.46 / F2.45 / F4.7 3 

Race M4.6 1 

Ladder F2.56 1 

 Total 5 

As seen in Table 7, the most used metaphor under this 
category was world (f=3). In addition, prospective teachers 
stated that the STEM fields were constantly evolving and 
progressing by applying race and ladder metaphors. The 
prospective teacher who likened STEM to the world 
described it as follows: “STEM is like the world, because 
the world has been improving and developing from the past 
to today. STEM education is improving and developing 
just like the world” (F2.46). Another aspect expressed 
under this category was the continuous change and 
development identified with STEM, using the race 
metaphor: “STEM is like a race, because it is a constantly 
renewed science. Science-technology is moving at a 
tremendous pace in the face of innovations. Like a race one 
innovation goes beyond the other” (M4.6). 

Table 8.  Metaphors under the category of STEM as an approach that 
requires solid infrastructure and work 

Metaphors Prospective Teachers f 

Numbers M4.14 / F2.36 / F1.99 3 

Tangled cables F1.77 / M2.39 2 

 Total 5 

In Table 8, the metaphors that emerged under the 
category of STEM as an approach that requires a solid 
background and work are shown. The metaphors identified 

with these ideas were rock and tangled cables. Using these 
metaphors, the prospective teachers were suggesting that 
STEM education was made up of difficult fields because 
they are numeric fields; they require much work and skill: 
“STEM is like numbers, because all areas are numerical 
and related to numbers. It requires numerical knowledge. It 
is difficult to understand without numerical skill” (F2.36). 
The tangled-cable analogy emphasizes the difficulty of 
understanding the connections between the fields of STEM 
education, with one of the prospective teacher’s stating, 
“STEM is like tangled cables, because it requires attention 
to solve all those connections. It is necessary to observe 
well and follow the paths of the cables. You need to know 
the solution and the tactics to solve it so that you can save 
time while solving it. At the same time, it requires patience” 
(F1.77). 

Table 9.  Metaphors under the category of STEM as specific to an 
individual 

Metaphors Prospective Teachers f 

Flower F1.120 / F3.2 2 

Total  2 

In Table 9, the single metaphor flower is seen under the 
category of STEM as specific to the individuals. In this 
regard, prospective teachers stated that they regarded 
STEM education as a personalized approach that allows for 
the development of individual skills and provides 
individual teaching opportunities. The prospective teacher 
who compared STEM education to a flower offered the 
following metaphor: “STEM is like a flower, because if the 
students, like the roots of a flower, are raised according to 
their own skills at a younger age, that plant will grow, and 
it will create the flower coming from its own genes. That 
flower will complement a missing blue or red in that 
garden; maybe like a leaf complementing a deficiency or a 
cactus trying to survive in a waterless 
environment”(F1.120). 
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Table 10.  Conceptual categories of STEM-related metaphors 

Conceptual categories 

Gender Grade Level 
Total 

Female Male First Year Second Year Third Year Fourth Year 

f % f % f % f % f % f % f % 

STEM as mutually complementary areas 28 29 9 32 14 27 4 13 14 50 5 36 37 30 

STEM as a useful approach 23 24 6 21 10 20 11 36 5 18 3 21 29 23 

STEM as a needed approach 17 18 1 4 13 25 4 13 1 4 0 0 18 14 
STEM as an approach involving different 

disciplines 9 10 3 11 1 2 5 16 3 10 3 21 12 10 

STEM as a highly liked approach 5 5 4 14 5 10 2 6 2 7 0 0 9 7 

STEM as an unnecessary approach 5 5 2 7 5 10 0 0 2 7 0 0 7 6 

STEM as a constantly improving approach 4 4 1 4 0 0 3 10 0 0 2 15 5 4 
STEM as an approach that requires solid 

infrastructure and work 3 3 2 7 2 4 2 6 0 0 1 7 5 4 

STEM as specific to an individual 2 2 0 0 1 2 0 0 1 4 0 0 2 2 

Total 96 100 28 100 51 100 31 100 28 100 14 100 124 100 

 

As seen in Table 10, from the analysis of the metaphors 
written by the prospective teachers about STEM education, 
9 different conceptual categories were formed. Many of the 
prospective teachers believe that STEM fields 
complemented one another and that STEM was a useful 
approach. From the emerging categories, the one with the 
highest frequency was STEM as fields complementing each 
other (30%), followed by STEM as a useful approach 
(23%), STEM as a needed approach (14%),STEM as an 
approach involving different disciplines (10%), highly 
liked (7%), unnecessary (6%), constantly improving (4%), 
requiring solid background and work (4%) and specific to 
an individual (2%). 

In terms of gender, the categories of STEM as fields 
complementing each other (females 29%, males 32%) and 
STEM as a useful approach (females 24%, males 21%) 
shared the highest representation by both males and 
females. However, the female teachers had the third 
highest representation under the category of STEM as a 
necessary approach (females 18%, males 4%), while for 
males, the third highest representation was under the 
category of STEM as a highly liked approach (females 5%, 
males 14%). These results show that the majority of both 
female and male prospective teachers believe that STEM 
education is beneficial and that they love it. 

Considering the year level, while the most frequently 
stated category by prospective teachers for all years, save 
for the second year, was STEM as fields complementing 
each other (first year - 27%, third year - 50%, fourth year 
36%), the second year prospective teachers emphasized 
had the most metaphors under the category of STEM as a 
useful approach (second year - 36%). 

4. Discussion 
STEM education is an innovation-based approach that 

aims to give students a solid background in quantitative 
fields by teaching them the relationships between science, 
technology, engineering and mathematics and to raise 
interest in the engineering profession. This study has 
examined the perceptions of prospective classroom 
teachers on STEM through metaphors. As a result of the 
study, it was found that the prospective teachers regard 
STEM education as an approach largely consisting of 
complementary fields. Prospective teachers believe that 
science, technology, engineering and mathematics 
complement one another, and that when addressed together 
they match the STEM definitions presented in the literature. 
Breiner et al. [3], in fact, regard STEM education as a 
single entity, wherein the independent disciplines of 
science, technology, engineering and mathematics are 
interconnected. From this study, it was found that the 
teachers had generally positive attitudes towards STEM 
integration and considered STEM education to be an 
important learning approach [10, 36]. Furthermore, the 
category with the second most metaphors expressed by the 
prospective teachers was STEM as a useful approach. 
Prospective teachers likened STEM to technological tools 
and nutrients in terms of the benefits they provide, and in 
this way, they emphasized the usefulness of STEM. The 
benefits of STEM education and its contributions to 
education are supported by other studies in the literature 
[16, 37-39]. The category with the third highest frequency 
of metaphors was STEM as a necessary approach. The 
metaphors under this category reveal that prospective 
teachers see STEM education as an approach that is 
necessary and promising in the development and quality of 
the education system for student development. This is a 
finding supported by the literature. For example, in a study 
on pre-service teachers' STEM engagement, learning and 
teaching via robotics were investigated in an elementary 
teacher preparation course [40]. Data analyses from this 
said study indicated that pre -service teachers engaged in 
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robotics activities actively and mindfully and that their 
STEM engagement improved overall. Moreover, it was 
shown that their emotional engagement (e.g., interest, 
enjoyment) in STEM significantly improved and in turn 
influenced their behavioral and cognitive engagement in 
STEM. 

Another result from the present study was that 
prospective teachers view STEM education as a 
combination of the science, technology, engineering and 
mathematics disciplines, where these related disciplines 
work in cooperation. Moreover, the other conceptual 
categories that emerged as a result of data analysis further 
showed how some prospective teachers perceive STEM 
education. From these categories, it was determined that 
the prospective teachers saw STEM as highly liked, 
constantly evolving, and requiring solid infrastructure and 
work, or as a tailor -made approach. In the literature, 
various studies have shown that the STEM approach makes 
education fun and entertaining [41, 42] and facilitates 
interest and motivation [40, 43, 44]. The results of the 
present research found that the prospective teachers 
generally emphasized the positive features of STEM 
education. The mention of all these positive features are 
important in so far as they show that the prospective 
teachers have adopted this approach and will therefore be 
able to apply STEM education once they become teachers. 
At the same time, it is also important to note that some 
teachers used the metaphors of Numbers and Tangled 
Cables, which fell under the category, “STEM as an 
approach that requires solid infrastructure and work”. 
These metaphors suggest that some of the prospective 
teachers see STEM education as difficult and confusing to 
understand, which could be attributed to the fact that some 
of the prospective teachers who participated in the study 
may not have graduated from the science or mathematical 
areas in high school and therefore may have weaknesses in 
these areas. If this study were to be repeated with science or 
math teacher candidates, the results would likely differ in a 
positive direction. 

The only negative category developed out of the 
analyses was “STEM as an unnecessary approach”. Some 
prospective teachers stated that STEM education was 
unnecessary and boring, which could be explained by the 
fact that STEM involves an educational approach 
consisting of time-consuming and diverse activities with 
different numerical fields. In other studies in the literature, 
one of the negative aspects of STEM education has been 
reported to be its time consuming approach, but there has 
never been any mention of it being seen as unnecessary [45, 
46]. 

The basis of STEM education is centered on the idea of 
establishing a meaningful connection between 
mathematics and science courses and technology and 
engineering, whereby the increased success in math and 
science courses will translate into an enhancement of the 
country's innovative and engineering workforce. For this 

reason, it is essential to apply STEM education at all 
education levels. The first step necessary to accomplish 
this is to provide a strong, comprehensive STEM education 
to prospective teachers. STEM courses should therefore be 
added to the relevant curriculum of the education faculties. 
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