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ABSTRACT This study aims to reveal the effect of the STEM approach on 21st-century skills
of middle school students and to determine their experiences about STEM. This application,
which lasted 6 weeks with 7th-grade students, was realized with 35 students. In the study, by
using the explanatory mixed-method, firstly, quantitative data was taken and qualitative data
were tried to be explained. In the first stage of the study, the pre-test and post-test results were
examined in the group by using a dependent group t-test. “Multidimensional 21st Century Skills
Scale” was used as a pre-test and post-test tool. In the second stage of the study, student
experiences for STEM applications were revealed using the semi-structured interview form,
which is one of the qualitative data collection methods. In the findings of the study, it was seen
in the results of the analysis that the STEM approach contributed positively to 21st-century skills.
Besides, a significant difference was observed between the pre-test and post-test in five sub-
dimensions in the scale. However, in the results of the interviews, it was stated that the students
were enjoyable to study with STEM, increased communication within the group, and encouraged
the student to research and think. It was also observed that some students had difficulties during
the application, complained about the lack of time, and had difficulty in designing.
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1. INTRODUCTION

Rapidly advancing scientific and technological developments; has revealed the need to keep up with
this development in individuals and communities. These needs bring some skills that people should
have. These skills also called 21st-century skills are called problem-solving, critical thinking,
collaboration, entrepreneurship, etc. [1]. There are different opinions about what 21st-century skills are
in the literature. Learning and innovation skills (creativity, innovation, critical thinking, problem-
solving, communication, collaboration), knowledge, media, and technology skills (information literacy,
media literacy) and technology literacy and life-career skills (flexibility, adaptability, assertiveness,
self-management, social and intercultural skills, productivity, responsibility, leadership) [2]. In addition
to these, while seeing different skills in the literature, there is a common tendency of these skills. The
21%t-century skills focused on this research are listed as "Information and Technology Literacy Skills",

"Critical Thinking and Problem-Solving Skills", "Entrepreneurship and Innovation Skills", "Social

Responsibility and Leadership Skills" and "Career Awareness".

The need to keep up with rapid changes in the 21st century brought innovations in the field of
education. Depending on the needs of the current period, changes may occur in the content, goals, and

form of education provided to individuals [3]. Countries that want to exist in global competition need
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to keep up with innovative understanding. This has revealed the necessity to adapt the educational needs
of individuals to these innovations [4]. Individuals who will form the workforce in the future must be
competent in the fields of science, technology, engineering, and mathematics [5]. Many disciplines
should be applied together to raise individuals with a new hundred years of skills [6]. Since STEM
(Science, Technology, Engineering, and Mathematics) education approach also offers an
interdisciplinary field of study, it has an important place in raising individuals with 21st-century skills
[7]. STEM as an educational approach; In the United States, it aims to teach science, technology,
mathematics, and engineering fields in connection with each other at all levels of education [8-9].

When the literature is examined, research on the integration of 21st-century skills with technology,
specific lessons/subjects (egg environmental science), skills (critical thinking, creativity, etc.) or
curriculums stands out [10-12]. In the national literature, the pre-service teachers' 21st century
determining their skills [13], determining the technology, tools, or methods that affect the 21st-century
skills of their students [14-16] and how 21st-century skills are defined and There are researches to
explain the classification [16-18]. Regarding the effect of STEM on skills, teachers and prospective
teachers generally gain 21st-century skills [19-20] and scientific process skills [21-22]. Its effect has
been investigated. However, STEM s students in the 21st century. Investigating the effect of gaining

skills will contribute to the literature.

STEM education covers skills in science, technology, and mathematics. This education has two main
purposes [23]. The first is employment, and the second is to train students with competencies in these
fields. When the literature is examined, STEM applications; rather than being context-based and
problem-solving-oriented, it has been observed that it is addressed towards the ability to produce and
use technology [24]. STEM approach is stated to be evidence-based and problem-solving based [25].
Besides, establishing a relationship with daily life, which is the basis of the constructivist approach, is

one of the results provided by the STEM approach in students.

Individuals and societies should also keep pace with this differentiation towards the needs of a
different world. STEM-related fields in Turkey, unfortunately, very few studies carried out that
increasing the number of STEM-related studies in Turkey is of great importance [26]. Considering the
studies in the literature in the last 5 years, it is seen that STEM education has become widespread at the
secondary level. As of the 2017-2018 academic year in the updated curriculum in Turkey was inserted
into the STEM education programs. This situation requires having some skills with it. In this context,
STEM education aims to provide individuals with these skills. In this context, the opinions of students
who personally experienced the STEM approach on the effect of this approach on 21st-century skills
are important. The study aims to reveal the effect of 21st-century skills according to the opinions of
middle school students studying with the STEM approach and to determine their experiences about

STEM. In this context, research questions;



1. What is the effect of STEM approach on 21st-century skills according to the opinions of middle
school students?

a. What impact does it have on information and technology literacy skills?
b. What is its effect on critical thinking and problem-solving skills?
c¢. What is the impact on entrepreneurship and innovation skills?
d. What effect does it have on social responsibility and leadership skills?
e. What is its effect on career awareness?
2. What are the experiences of secondary school students towards the STEM approach?

a. What are the difficulties encountered in the STEM approach according to the opinions of the
secondary school students?

b. What are the positive aspects of the STEM approach according to the opinions of secondary
school students?

2. METHOD

Since qualitative and quantitative data are used together in this study, a mixed research method
was used. Mixed research; is a research approach in which the researcher integrates two sets of
data, where he gathers both quantitative and qualitative data to understand research problems, and
then draws out the advantages of integrating these two sets [27]. Qualitative and quantitative data
must be supportive of each other in a strong mixed pattern study [28]. In the study, a descriptive
mixed research design, which is one of the mixed research patterns in which qualitative data is
collected [29] to explain the quantitative data, was used. For this reason, the study consists of two

stages.

In the first stage, a longitudinal survey model from a quantitative research pattern was used. In
longitudinal survey studies, repeated measurements are made at different times to examine the
variations of the research variables based on time [30]. With this technique, in the seventh-grade
science course, the "Interaction of Light with Matter" unit was handled with a STEM approach for
six weeks. Quantitative data were obtained by applying “Multidimensional 21st Century Skills
Scale” to these students as a pre-test and a post-test at the end of the practice. In the second stage
of the study, interview technigue, one of the qualitative data collection types, was used. The most
frequently used interview in qualitative research is a mutual and interactive form of communication-
based on a predetermined and preferred way of asking and answering questions [31]. In this context,

after six weeks of STEM application, the interview technique was used with volunteer students.



2.1 PARTICIPANTS

The study 7th grade students in the 2019-2020 academic year in a secondary school district in the
north of Turkey participated. The sample of the study consists of 35 students, 20 males, and 15 female

students.
2.2 APPLICATION PROCESS

The application in the “Interaction of Light with Matter” unit of the 7th-grade science course took
six weeks in total. STEM activity papers were distributed to the students. During the process, they were
asked to design engineering that solved a problem situation related to each subject. Classes were divided
into seven groups of five students, and activities were conducted in the form of group work. The
problem situation was presented through a story in STEM activity papers distributed to students at the
beginning of each subject. While searching for a solution proposal for the problem situation, students
were provided to learn the concepts related to the subject. Then students were asked to make their
designs as a group in the lesson. After all the groups completed their designs, each group explained
their design and explained to their classmates how they came up with a solution. Below are the activity
and the gains related to the subject held every week.

Table 1. Activities and subject gains

Week  Activities Gains

1. Designing a sweater that suits every  She discovers that light can be absorbed by matter as a result of interaction with matter.
environment

2. Designing a color wheel It concludes that white light is a combination of all light colors.

3. Designing a solar panel It gives examples of innovative applications of solar energy in daily life and technology.

Discusses the ideas about how solar energy will be used in the future.

4, Designing a periscope Observes the mirror types and gives examples of usage areas.

5. Designing a stove with a hollow Compares the images formed in flat, pit, and hump mirrors.
mirror

6. Designing a telescope Determines the focal points of thin and thick-edged lenses by experimenting. It gives

examples of the usage areas of lenses in daily life and technology.

Below are some products that students in the application process have produced.

Figure 1. Products of students who carry out the application



2.3 COLLECTION OF DATA

In the first stage of the research, “Multidimensional 2 1st-century skills scale” developed by [32] was
used. The scale developed in the 5-point Likert type; consists of a total of five sections: Information
and Technology Literacy Skills, Critical Thinking and Problem-Solving Skills, Entrepreneurship and
Innovation Skills, Social Responsibility and Leadership Skills, and Career Awareness. The answer
options of the items in the scale were arranged as "5 = | totally agree", "4 = | agree"”, "3 = | have no
idea", "2 = 1 do not agree" and "1 = | strongly disagree". This scale prepared for 21st-century skills of
students consists of 41 items in total. The Cronbach's Alpha reliability score of the scale is 0.86. The
scale was applied to the same study group twice in total as pre-test and post-test. In the second stage of
the study, the interview form was used as a data collection tool. This form was applied to 12 students
who wanted to participate in the interview voluntarily among the students who participated in the STEM
application. The questions used in the form are as follows.

1. What are the shortcomings of the STEM application you think (What are the points you see as a
disadvantage)

2. What are the pros of STEM application applied in your opinion? (What are the points you see as
an advantage)

2.4 DATA ANALYSIS
The analysis stage of the study consists of two stages, quantitative and qualitative analysis.

a) QUANTITATIVE ANALYSIS

The data obtained from the scale were entered SPSS 23 program before and after the application. A
dependent group t-test was used to evaluate the group internally, that is, to learn the effect of STEM
approach on 21st-century skills. Data were tested at p <.05 significance level.

b) QUALITATIVE ANALYSIS

After six weeks of STEM application, students were interviewed. Voluntarily, a semi-structured
interview was held with the students in the group. Voice recording was taken during the interview.
Based on volunteering, the data of the 12 students who participated in the interview were listened to by
the researchers and transferred to the computer environment. Conversation recordings are added
directly to the Microsoft Word program without making any changes in the transfer process. All
structured interview records were collected one after the other and interesting statements were
determined and the codes of the study were drawn. Later, the authors grouped these codes to be related

to each other and created the categories. The last relevant categories are grouped and themes are created.
3. FINDINGS

In this section, the findings related to the results of the analysis carried out to determine whether the

STEM application differs from the 21st-century skills in terms of Information and Technology Literacy



Skills, Critical Thinking and Problem-Solving Skills, Entrepreneurship and Innovation Skills, Social
Responsibility and Leadership Skills and Career Awareness. It was evaluated.

3.1 THE EFFECT OF STEM APPROACH ON 21ST CENTURY SKILLS

Dependent groups t-test was used to determine whether seventh-grade students who taught science
lessons with the STEM approach differ significantly according to 21st-century skills variables. The

results of the students' pretest and posttest are presented in Table 2.

Table 2. Dependent groups t-test results of the 21st-century skills scale

N X ss Sd t p
Pre-Test 35 2.999 188 34 -19.66 .00
21st Century
Skills Scale ot gt 35 3878 282

A statistically significant difference was observed between the pretest scores of students (X = 2.999,
S = 0.188) and posttest scores (X = 3.878, S = 0.282) in favor of the posttest [t (34) = -19.66, p = 0.00].
This finding shows that the STEM approach used has a significant effect on students' 21st-century skills.
The dependent group t-test scores of these scores were calculated to determine whether there were
significant differences in the five sub-dimensions included in the 21st-century skills scale used. The

results of these dimensions are given below as separate tables.

Table 3. Dependent groups t-test results related to information and technology literacy skills

N X ss Sd t p
Information and Pre-Test 35 3.099 .307 34 -14.88 .00
Technology
Literacy Skills
Post-Test 35 3.975 201

A statistically significant difference was observed between the pre-test scores (X = 3.099, S = 0.307)
and the post-test scores (X = 3.975, S = 0.201) in favor of the post-test [t (34) = -14.88, p = 0.00]. This
finding shows that the STEM approach used has a significant effect on students' Information and
Technology Literacy skills. Dependent groups t-test results of “Critical Thinking and Problem Solving”
skills, another dimension of the scale, are given in Table 4.

Table 4. Dependent groups t-test results related to critical thinking and problem-solving skills

N X SS Sd t p
On Test 35 34 -20.38 .00
Critical Thinking 2023 291
and Problem
Solving Skills Son Test 35 4.047 423

A statistically significant difference was observed between the pre-test scores (X = 2.023, S = 0.291)
and the post-test scores (X = 4.047, S = 0.423) in favor of the post-test [t (34) = -20.38, p = 0.00]. This
finding shows that the STEM approach used has a significant effect on students' Critical Thinking and
Problem-Solving Skills. Dependent groups t-test results of “Entrepreneurship and Innovation™ skills,
one of the other dimensions of the scale, areas in Table 5.



Table 5. Dependent groups t-test results for entrepreneurship and innovation skills

N X ss sd t p
Entrepreneurship  Pre-Test 35 2714 257 34 -10.25 .00
and Innovation
Skills
Post-Test 35 3.617 .395

A statistically significant difference was observed between the pre-test scores (X = 2.714, S = 0.257)
and the post-test scores (X = 3.617, S = 0.395) in favor of the post-test [t (34) = -10.25, p = 0.00]. This
finding shows that the STEM approach used has a significant effect on students' Entrepreneurship and
Innovation skills. Dependent groups t-test results of “Social Responsibility and Leadership” skills, one
of the dimensions of the scale, are given in Table 6.

Table 6. Dependent groups t-test results related to social responsibility and leadership skills

N X ss sd t P
So_m_a_l Pre-Test 35 3.350 575 34 -3.33 .002
Responsibility and
Leadership Skills
Post-Test 35 3.742 .505

A statistically significant difference was observed between the pre-test scores (X = 3.350, S = 0.575)
and post-test scores (X = 3.742, S = 0.505) in favor of the post-test [t (34) = -3.33, p = 0.002]. This
finding shows that the STEM approach used has a significant effect on students' “Social Responsibility
and Leadership” skills. Dependent groups t-test results of “Career Awareness” skills, one of the
dimensions of the scale, are given in Table 7.

Table 7. Dependent groups t-test results related to career awareness

N X SS sd t P
Pre-Test 35 3.809 581 34 -2.20 .035
Career Awareness
Post-Test 35 4.009 .361

A significant difference was observed between the pre-test scores (X = 3.809, S = 0.581) and post-
test scores (X = 4.009, S = 0.361) of students [t (34) = -2.20, p = 0.035]. This finding shows that the
STEM approach used has a significant effect on students' Career Awareness skills.

3.2 STUDENTS' EXPERIENCES ABOUT STEM APPROACH
This section includes qualitative findings obtained as a result of a semi-structured interview. Here,
the interview records of the students about their STEM activities were analyzed and the themes,

categories, and codes formed as a result of the analysis are presented in Table 8.

Table 8. Theme, category and code information of qualitative data

Theme Category Code f Example Student Discourses
Career Consciousness S3: | felt like an engineer.
(Feeling like an Engineer) 2 S10: | always thought | was an engineer while researching and
designing.
The 21st-century S11: | like to think with my friends to solve the problem given by
advantages of skills Critical thinking and our teacher. | couldn't get used to it, but then | started to like it.
STEM problem solving 7 S12: When | came to class, | was talking to my friends this time
activities about how the teacher would present a problem. We were
curiously waiting.
Communication and S2: It was so much fun working with the group. We did not want
collaboration (belonging 5 to breathe




to the group and
communication)

S4: 1'm bored when the activities force. But my teacher and
group friends helped. We did this job easier with the group

Entrepreneurship and
innovation

Q5: We were also designing in technology design lesson, but the
designs in science lesson were useful
Q10: We were researching and deciding which design to make

Information and
technology literacy

S3: It was fun to use the information I learned and researched
S8: We researched on the internet in the parts we had difficulty

(Knowledge transfer-
research)

S10: | didn't get used to it at first, but then it was fun.

Fun lesson 6 S7: The lesson was very enjoyable. Time has passed like water.

S6: With this application, my interest in the course has
Learning increased. | don't understand how time passes. Everything was
Environment Positive attitude towards 6 perfect.
science S9: Although | got used to it in the first place, | liked it later. We
should even use it in other lessons. | will ask my math teacher to
use STEM.

S5: Time was not enough. We need extra time. Sometimes we
Time- Insufficient time 7 even designed during recess.
consuming S5: Activities take a lot of time. | had a little difficulty.

Events S7: I had a hard time using this activity for the first time.

The difficulties Practice problem 4 S9: Although | got used to it in the first place, | liked it later

encountered S2: But sometimes it was when we had a hard time making
Compellin 5 designs.
Designs 9 Design challenge S8: We used the internet when we had difficulty in design.

S7: It has forced me to combine different designs.
S1: | had difficulty in designing.

When the students' views about the process were taken into consideration, the first theme was about
the advantages of the activities. Under this theme, 21st-century skills and learning environment
categories are included. These findings were determined that STEM activities contributed to students
gaining 21st-century skills. Besides, these activities were found to make the learning environment more
enjoyable and to provide students with a positive attitude towards science. In the second theme, students
are faced with difficulties regarding STEM activities. The students stated that they had difficulty in

completing the activities related to this process in time and design.

4. RESULT AND DISCUSSION

21st-century skills are embedded in new curricula with programs updated by MEB. For this purpose,
the STEM approach is important. When the research results are examined, it was revealed that STEM
activities positively affected the 21st-century skills of middle school students. When each sub-
dimension of the 21st-century skills was examined separately, it was determined that there was a
significant difference between the pre-test results of the students in all sub-dimensions in favor of the
post-test. This result can be said that STEM activities increase students' information and technology
literacy, critical thinking and problem-solving skills, entrepreneurship and innovation skills, social
responsibility and leadership skills, and career awareness. When student discourses are examined, it is
seen that it supports these results. The students stated that STEM activities developed critical thinking
and problem-solving skills, strengthened the cooperation and communication aspects of the group, they
felt like engineers during the activities, this process enabled them to make various designs, and they
gained information and technology literacy by developing research and transferring information. We
can explain this result as follows: During STEM activities, students encounter a problem situation in

each activity and seek solutions for it. Acquiring this skill is essential. Because of the person; He can



use his many skills such as creativity, critical thinking, and cooperative work when he takes action to
solve a problem situation [26]. In this process, the student begins to actively think about the problem
he faces while looking for a solution and conducts critical thinking by conducting research inquiry at
every stage of the process (research, proposing a solution, designing, etc.). While doing these, working
with group friends develops students' cooperation and communication. It needs a variety of researches,
both while proposing a solution to the problem and at the design stage, which enables them to transfer
research and the information they acquire using technology. Because STEM education aims to use
individuals' knowledge and skills with practical applications and to integrate them with daily life
problems [33]. The process also offers students the opportunity to design. As a result of these design
studies, students realize that the information they have when they reach a product works and wants to
have more information [34]. However, these designs are effective in structuring scientific knowledge,
creating a potential for students, and serving as a bridge for science learning [35]. Many studies in the
literature emphasize that STEM education is the most appropriate approach to improve 21st-century
skills [36-38].

Researches related to STEM and 21st-century skills were generally conducted with teachers and
prospective teachers, and STEM activities were effective in gaining many 21st century skills of teachers
and prospective teachers [19,20,40] and science teachers. He determined that there is a moderate
positive relationship between 21st-century skills competence perceptions and attitudes towards STEM
[41]. He argues that after the research they conducted with 7th-grade students, many skills aimed at
individuals in the 21st century can be gained with STEM education [42]. When the effect of STEM
activities on students is analyzed, it increases the academic success [43-45], in which students improved
their scientific process skills [34], and their creative thinking skills [46] and it is emphasized that they
have gained a positive attitude towards STEM [42,45].

At the end of the research, students stated that STEM activities make the learning environment more
enjoyable and positively affect their attitudes towards science. Similarly, they stated that STEM
positively improves middle school 5th-grade students' attitudes towards science and explained that this
is because students make mini designs and obtain a product [47]. STEM applications increase students'
interest in science subjects and their desire to learn [48]. However, another finding obtained in the
research is that students have difficulty in raising and designing time during STEM activities. Since the
process of researching and designing is unfamiliar with the students, and extra material, equipment,
computer, internet, etc. for the learning environment may be due to the need. To prevent or minimize
the time loss that may occur during the lesson, it is necessary to arrange the learning environment in
advance, to have the necessary technological equipment and the necessary infrastructure ready for use,

to check in advance, to determine the layout of the groups and to have the materials to be used ready



[42]. Besides, the application of STEM activities from time to time during the education period may

help these students to overcome these difficulties.

As a result, STEM activities develop 21st-century skills of secondary school students. Because
STEM activities by nature require many skills such as research, using technology, working with a group,
creating products, and making presentations, and therefore students have the opportunity to develop
these skills in learning environments where this approach is frequently used [42]. Besides, STEM
practices contribute to the positive attitude of students towards learning science and to make the learning
environment more fun. However, according to the opinions of the students who experience this STEM
approach, it is determined that there may be difficulties during the process of raising and designing time
in this process, and it is foreseen that these difficulties can be overcome with the plans and precautions
taken before the implementation.

In future research, 21st-century skills can be handled separately, the effects of STEM applications
(eg Argumentation supported STEM, Problem-based or project-based STEM applications) integrated
with different methods on 21st-century skills can be investigated and these skills can be investigated
with each other and other components of the learning environment their relationship can be examined.
Besides, teachers who want to practice STEM in their classrooms; It is recommended that they behave
meticulously in time planning and do not ignore the importance of doing STEM activities in improving

students' skills.
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