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Abstract

Achievement in a course mostly depends on the students' characteristics and how teachers make their
courses effective for their students' learning. Although different characteristics of teachers and students
can affect learning outcomes, new approaches like STEM may cause new characteristics which affect
students’ achievement as STEM attitudes. This study examines the correlation between secondary school
students' STEM attitudes and their achievement in the Technology and Design Course (T & DC). A
correlational survey model was applied in the study. A total of 400 students studying in the seventh and
eighth grades constitute the sample of the study. A personal data form and STEM attitude test were
utilized to collect data. Pearson Correlation Analysis and Regression Analysis techniques were used in
the data analysis process. As a result of the analysis, it was found a positive and significant correlation
between students' Technology and Design Course achievement and STEM attitudes. Students' attitudes
to STEM predict their achievement in the Technology and Design Course by 5.1%. Students developing
positive STEM attitudes can further enhance achievement in the (T&DC), which enables students to
acquire the necessary design skills to produce technology in the future.

Keywords: academic achievement, correlational survey, secondary school, STEM attitude, technology,
and design course

Introduction

The innovative technological advances of the current century make it feel that time is
moving faster. Present emerging crises make the concepts of technology, design, and innovation
more visible. What is more, these crises highlight those countries with more innovative and
technological design industries. Countries' growing, accelerating desire for technological
development and breakthrough directly and profoundly affects their education systems. Some
countries are updating their education programs to expand the education level in technology,
design, engineering, and medicine to close the gap between themselves and developed countries.
The Science Technology Engineering Mathematics (STEM) approach, which is expected to
attract qualified students to participate in the technology labor force, has been included in the
various courses over the last fifteen years. Since 2017, the Turkish Ministry of Education has
added the STEM approach to the programs of courses such as mathematics, science, information
technology, and technology and design at all school levels to provide more students with more
qualified education in science, engineering, mathematics, and technology (MoNE, 2017).
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Education is a process in which students develop ability, attitude, skill, aesthetics, and
sensitivity as they take on the national and cultural values and principles of the society in which
they live. In the secondary school Technology and Design Course curriculum (T&DC), the
Ministry of National Education (MoNE) emphasizes that the curriculum constitutes an essential
element of an education system (MoNE, 2017, p. 4). One of the main goals of the technology
and design course curriculum is for each person, through continual education, to transfer their
knowledge to practice and create functional works while performing their social tasks as part
of lifelong learning. The learning outcomes of technology and design courses are conducive to
applying STEM subjects, through which students develop mental processes such as creativity,
critical thinking, and problem-solving skills. Individuals with advanced problem-solving skills
are open to innovations and changes in science, mathematics, engineering, and technology.
They will be able to develop new projects in these areas, therefore benefitting the society in
which they live. Individuals who can innovate in STEM have an important role in terms of the
country's future and how it responds to international competition. Countries that can produce
new technologies will always be one step ahead of global competition. The Technology and
Design Course aims to educate individuals to produce such technology. To achieve these goals,
the Technology and Design Course should develop positive STEM attitudes in students to train
them in problem-solving skills.

Research Problem

Learning approaches, especially innovative ones like STEM, may alter and enhance
traditional education. Although education is a unique process that includes the teaching of
knowledge and skills that enrich and facilitate individuals' lives, sometimes education may
lose its ability to develop cultural values. Furthermore, it aims to create people who contribute
to society while meeting their individual needs. A key element of technology education is to
educate individuals with the resources and skills to adapt to rapidly developing technology
(Dogan, 2014, p. 6). As in other secondary school education programs, the Technology and
Design Course curriculum aims to make students aware of the world's values and those of the
country in which they live. A further priority for the program is the education of individuals
with the necessary knowledge, skills, and competencies that can be used in daily life in science
and technology, areas that are developing rapidly every day (MoNE T&DC, 2017).

Along with developing technology, the experiences students go through overtime differ
and develop very quickly. From this point of view, the gains that students acquire through
their education will significantly impact their knowledge and attitudes. The most significant
feature of the information age is that it is necessary to activate the cognitive processes, such
as analytical thinking style and creativity, necessary for technology and design. It will not be
possible to meet people's expectations with monotonous work that only develops manual skills.
For this reason, students need to understand the problems arising from the needs of humanity
and those that may arise in the future in order to create solutions through design. The main goal
of the Technology and Design Curriculum (T&DC) is to enable students to interpret and use
information (MoNE T&DC, 2017).

Technology is creating new designs through scientific methods and converting knowledge
into production, applying knowledge to problems. Technology is also defined as improving the
quality of human life by combining science, art, and economy using creativity and intelligence.
Technology is a tool for making human life more comfortable, improving the quality of life, and
living more economically and efficiently (MoNE T&DC, 2006).

Using creative thinking, critical thinking, questioning, and reasoning skills, high-level
mental processes, design is the material presentation of forms created in the human imagination.
Technology and design should be considered as an integral whole since they directly affect each
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other. The relationship between them is not different from the subject and object relationship.
Both concepts are related to all stages in the emergence of a product. Technology and design,
therefore, can be used to create essential effects that will ensure the progress and development
of society (MoNE T&DC, 2006). The first aim of the Technology and Design Course is to
educate people as individuals to be open to learning throughout their life and willing and
able to put what they have learned into practice. The key to social development is educating
generations who can apply and use all the technology and design processes for the benefit
of their career and the nation. The second goal is to ensure that students who understand the
technology and design process can use and interpret information at all levels. These goals are
intended to educate individuals to observe their environment analytically, identifying problems,
developing creative and original solutions, then deciding and applying the most appropriate
of these solutions. While technology and design develop a better quality of life, knowledge
of the production process helps to minimize the negative characteristics of technology and
design products. Such an approach also aims to teach students to adopt ethical rules related
to technology and design. Students who complete the Technology and Design Course are
expected to carefully observe their environment, feel a sense of responsibility, develop unique
solutions to problems, and work together with confidence to solve the problems they identify
(MoNE TDC, 2017). Saglik (2018), in his study on secondary school students' attitudes toward
technology and design courses and their academic achievement, found a moderate, positive,
and significant relationship between them.

The primary purpose of this study was to examine the relationship between middle
school students' STEM attitudes and technology-design course achievement. Accordingly, this
study considers the following question: Do middle school students' STEM attitudes predict
their technology design course achievement significantly?

Research Focus

STEM is an acronym for Science, Technology, Engineering, and Mathematics (Arikan,
2018, p. 13). The term refers to the intersection of disciplines covered by a holistic approach.
This intersection brings the interdisciplinary approach to the forefront and allows students to
establish connections between the fields of science, technology, engineering, and mathematics
and to use these connections as a flow of knowledge (Eroglu & Bektas, 2016, p. 44).

To overcome current problems in education systems, radical changes have been made
in courses to embrace all aspects of the subjects and principles, especially in mathematics and
science courses. The STEM approach is the foremost of these changes. To engender positive
attitudes to education in the fields of science, technology, engineering, and mathematics,
STEM takes a holistic approach to the information and principles of these courses, thereby
avoiding piecemeal learning (Cepni, 2017, p. 3). In teaching students to learn information more
interactively and systematically as a whole, STEM education allows them to become aware
of the problems of the world in which they live and to be able to solve problems they will
encounter in the future more efficiently. In parallel with STEM education, from an early age,
students could develop different skills in these areas that they can use in real life and turn into
production (Aydn et al., 2017, p. 2).

STEM-based teaching aims to increase economic prosperity by increasing the labor force
potential in STEM subject areas. As well as achievement or failure of students in terms of their
courses, STEM teaching aims to address disparities in the economic race between countries.
Countries that create technology innovations and proliferate in inventions are economically
aspiring and robust. The industrial period, shaped over the last two centuries, saw the beginning
of industrial production, which individuals will realize, and ends in a short period such as
the next decade. Today, the skills of "creativity," "critical thinking," "problem-solving," and
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"collaboration" have come to the fore but are obtained by only a tiny section of global society
that has gone through a knowledge-based transformation of industry. Adopting this approach
is explained by the fact that individuals have the concept of "universal literacy" for technology
(Akgiindiiz et al., 2015). For a country to compete effectively in a globalized world, it is
necessary to train its students in STEM education, starting from pre-school, to improve their
science, technology, mathematics, and engineering skills (Balat & Giinsen, 2017, p. 339).

There are three main foundations of STEM education: The first is to increase the level of
those who would like to improve themselves in the disciplines covered by STEM. The second
is to ensure the proliferation of STEM literate individuals, and the third is to increase the use
and prevalence of STEM in business areas (Aydin et al., 2017, p. 2).

Attitude is people's response to specific events, objects, or phenomena around them.
How they react is gained through learning. To understand someone's attitude, it is necessary to
observe their behavior in certain situations. Attitudes could be evaluated individually or can be
observed occurring under the influence of a social group. Attitude can be expressed as to how
an individual reacts.

Furthermore, an individual's attitude can lead them to adopt a particular form of behavior.
Any object, event, individual, or situation can be a leading cause of attitude. Moreover, people's
approach to the situation in which they live, such as happiness, unhappiness, good, bad, can also
be the subject of attitude (Korkmazyiirek & Hazir, 2015, p. 63). Many factors affect students'
attitudes toward courses, for example, the climate the teacher creates in the classroom, their
intimacy with other students, his/her patience, understanding and caring attitudes, and their
expectations of the course. Whereas these factors affect their attitudes, their attitudes in turn
significantly affect their interest in the course and their achievement (Simsek & Demir, 2012,
p. 7).

Currently, the need for people who question, think, who have developed their creativity
and succeeded in the STEM field is growing every day. Therefore, learning systems need to
change so that information is transferred to the sciences. STEM education programs are intended
to close this gap and are created by combining all disciplines in a holistic approach (Yildirim
& Altun, 2015, p. 30). In Turkey, the Ministry of Education has periodically re-arranged the
technology and design curriculum in 2016 and 2017. The technology and design curriculum
developed in 2016 focused on the seventh and eighth grades, and in 2017, the technology and
design curriculum included the implementation of STEM programs (Arikan, 2018, p. 95).

The use of STEM programs at the primary level is mainly aimed at improving scientific
knowledge that students can use daily. In this way, it is envisaged that students will improve
their program solving skills, thereby increasing their achievement in science, and positively
affecting students' attitude to science courses (Giilhan & Sahin, 2016). The inclusion of STEM
education at the secondary level is designed to attract students according to the needs of the
information age. Directing students' achievements in science, technology, engineering, and
mathematics according to the STEM method is of strategic importance both for their social and
personal development (Knezek et al., 2013, cited in Yolagiden & Bektas, 2018, p. 3). STEM
education ensures that students develop specific characteristics and a positive attitude toward
courses. To increase their interest in STEM fields, to popularize engineering, and to achieve
achievement by developing positive attitudes toward STEM, it is necessary to introduce students
to STEM at an early age. Design-based learning is vital for good engineering education. It
is necessary to learn engineering design processes in design-based learning. This educational
learning approach allows students to solve real-world problems and is mainly used in science
and technology education at the secondary school level. The curriculums in Turkey include
science, mathematics, and technology, and design courses (Yildirim, 2018, p. 274). Teachers
should transfer STEM applications to their students in these courses, conduct experimental, and
evidence-based research, and develop their ability to analyze the results of discoveries defined
as scientific inventions.
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For this reason, for STEM applications to be helpful in the classroom, it is necessary to
have the tool of competence, to give information on how to use this tool, and to analyze the
relationship between design processes and daily life. It is also important to increase students'
readiness levels in laboratory work practice (Gokbayrak & Karisan, 2017, p. 64). As it allows
individuals to learn and apply information more meaningfully and more in-depth, STEM
education and practices are essential for individuals to grow and help them guide their future.
Turkey needs to focus on interdisciplinary studies rather than awarding expertise in a single
disciplinary field in the coming years. In light of this, educating individuals through STEM
education and practices and developing a positive attitude toward STEM disciplines is essential
for our future.

Research Aim and Research Questions

This study aimed to examine the correlation between the STEM attitudes of secondary
school students and their achievement levels of the Technology and Design course. Accordingly,
the study considers the following questions:

Is there a significant correlation between secondary school students' STEM attitudes and
their achievement levels of the Technology and Design Course?

Do secondary school students' STEM attitudes significantly predict their Technology and
Design Course achievement?

Research Methodology
General Background

In secondary education, students' choices of fields that are the source of STEM fields
are closely related to their secondary school achievements. In addition to knowledge and skills,
attitudes and values have an important place for individuals to form a personality and gain
while passing through the education process. Attitudes are effective in transforming the acquired
knowledge into behavior. Students need to develop a positive attitude towards technology and
design course to maximize their academic success.

The learning objectives of the technology design course are that STEM subjects are put
into practice and students' creativity, critical thinking, problem-solving. It aims to improve
high-level mental processes. Individuals with advanced problem-solving skills are open to
innovations and changes in the fields of science, mathematics, engineering, and technology and
will be able to produce new projects in these areas, and thus will be able to benefit the society
they live in. Individuals who can reveal innovations in the STEM field have an important place
in the country's future and international competition. Countries that can produce will always
be one step ahead in global competition. It aims to train individuals who produce technology
design courses. In order to achieve these goals, it is valuable to develop students' STEM attitudes
positively and to raise individuals who are successful in STEM fields and have acquired STEM
skills in terms of achieving the goals of the technology design course.

This study examines the correlation between secondary school students' STEM attitudes
and their achievement in the Technology and Design Course. The correlational survey model
was used to answer the research problem. The correlational survey model is a quantitative
research method that determines relationships between two or more variables (Karasar, 2002,
p. 81). In the correlational survey method, the researcher tries to determine the perceptions of
the current situation by reaching the individuals in the study group. The researcher analyzes
the relationships between variables from a scientific perspective without interfering with the
findings obtained (Glirbiiz & Sahin, 2017, p. 108). The relation between the STEM attitudes
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of secondary school students and their technology-design course success levels was examined
with the relational screening method used in the study.

Participants

The participants of the research consist of 412 students in seventh and eighth grades
studying at the school where the researcher works in the Kii¢likgekmece district of Istanbul,
which falls under the Ministry of Education. Four hundred students studying in the 2017-2018
academic year were included in the study. The study was conducted with a group of students
determined by the convenience sampling method. The convenience sampling method is the
selection of units with easy access and applicability in cases such as economic limitations,
labor, and time insufficiency (Biiyiikoztiirk et al., 2018, p. 82). As the T&D course teacher, the
second author collected the data from the school students where she works as a teacher. The
demographic information of the students included in the study is presented in Table 1.

Table 1
Demographic Information of Students

Categories Groups f %
Girl 220 55.0
Gender
Boy 180 45.0
7" grade 204 51.0
Grade Level
8" grade 196 49.0

According to Table 1, 55% of the research students are girls, and 45% are boys; 51% are
seventh grade, and 49% are eighth-grade students. Permission was obtained from the Ministry
of National Education Provincial Directorate of National Education to collect the research
data. Permission was obtained from the students' school to participate in the study and from
the parents of the students. Since the parents of 412 of the students who could participate in
the study approved the participation, 412 students participated. However, out of 412 students,
only 400 students completed the questionnaires, and 12 students left without completing the
questionnairs. For this reason, the analyses were carried out with the data obtained from 400
students.

Instrument and Procedures

The data collection tools used in this research consisted of two separate forms: "Personal
Data Form" and "STEM Attitude Scale".

The researchers created a personal information form to determine students' demographic
information. The gender, class levels, and T&D course points of the students were collected
through the personal information form. In addition, the STEM attitude scale, adapted by Aydin
et al. (2017), was used to determine students' attitudes to science, technology, mathematics,
and engineering. The STEM attitude scale consists of 28 items, and there is no reverse encoded
expression in these expressions. Four sub-dimensions were identified in factor analysis through
the validity and reliability tests for the scale. These sub-dimensions are as follows: personal and
social practices, learning science, engineering and associating with STEM, learning mathematics
and associating with STEM, and using and learning technology. The survey is formed as a
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5-point Likert type scale listed from "Strongly Disagree" to "Strongly Agree". The reliability
coefficient Cronbach's alpha of the scale obtained in this study was determined as .912, and this
value indicates that the scale is reliable. The researchers personally applied the data collection
tools used within the scope of the research to seventh and eighth-grade students studying at
a Secondary School in the Kiigiikgekmece district of Istanbul. The researcher explained the
questions to be considered on the personal information form and the scales to the students who
voluntarily participated in the study. The scale was distributed to 412 students. Since 12 scales
were missing or erroneous, they were not included in the assessment.

Data Analysis

Data obtained from the Personal Information Form was interpreted by creating frequency
and percentage tables. The correlation between students' Technology and Design Course
achievement and STEM attitudes was tested with the Pearson Moments Correlation Coefficient.
Furthermore, simple regression analysis was carried out to determine the achievement of STEM
attitudes to the Technology and Design Course. All statistical analyses of the research were
conducted using the SPSS 26.0 package program.

Research Results
As Table 2 demonstrates, skewness and kurtosis values range from -1 to + 1. Finding
skewness and kurtosis values between -1 and + 1 is one of the indicators of normal data

distribution (Biiytikoztiirk, 2018).

Table 2
Skewness and Kurtosis Values of STEM Attitude and Achievement Scores

STEM Attitude T&D Course Achievement
Skewness -.586 -.852
Kurtosis 169 -238

Pearson correlation analysis was performed to determine the existence and the level of

the correlation between variables. A simple regression analysis was performed for the predictive
state between them.

Table 3
The Results of Correlational Analysis Between STEM Attitude and Achievement

Variables N m sD STEM Attitude /cievement

Level
STEM Attitude 400 76.5176 19.35575 - 225
Achievement Level 400 99.0125 19.29983 225** -
p<.01
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According to Table 3, as a result of the Pearson product Moment correlation analysis
conducted to determine the relationship between the achievement scores of the Technology
and Design Course and the total scores taken from the STEM attitude scale, a statistically
significant relationship was found between the scores at level p<.07 (1=.225; p<.01). Results of
regression analysis conducted to determine the state of regression of students' STEM attitude
scale scores in the technology design course are indicated in Table 4.

Table 4
The Results of Linear Regression Analysis to Check the Prediction Level of STEM Attitude
on the Achievement Level

Independent Dependent

2
Variable Variable B sD p ot p R R F p
. 54172 1 10964 001
STEM Attitude t\ec\'/‘j"eme”t 225 205 051 21230 001
26 398 4608 001

As Table 4 demonstrates, the STEM attitude scale of students significantly predicts
the achievement of the Technology and Design Course (R=.225, R?=.051, F=21.230, p<.01).
The STEM attitude scale explains 5.1% of the total variance in students' achievement in
the Technology and Design Course. According to the results of the regression analysis, the
regression equation is presented below. Achievement in the Technology and Design Course =
54.172 + (.226 x STEM Attitude).

Discussion

In the European Union countries where the developed countries are the majority, the
number of people who prefer STEM professions in their business life is decreasing. Despite the
high unemployment rate, the shortage of people trained in STEM professions causes educational
institutions to direct more students to STEM professions within students' competencies
(Caprile et al., 2015). Students' orientation towards STEM professions at university starts with
introducing STEM courses (Science, Mathematics, Information Technologies, Technology, and
Design courses) to students at secondary school. If the necessary precautions are not taken,
secondary school education of secondary school students is one of the prominent processes in
determining the fields to be chosen in high school. In addition to the Mathematics, Information
Technologies and Science courses, which are called STEM courses in secondary school,
another introductory course is in Technology and Design. Being a pioneer in the production of
knowledge and technology determines the future of countries.

Today's students work in the fields that produce technology and enable technological
knowledge to become more critical every year. Technology and Design course is also one of the
lessons that will affect the training of human resources in technology in Turkey as a developing
country. Students who are successful in the Technology and Design course, which is among the
STEM courses, are more likely to work in STEM professions in the future. Students' orientation
to engineering, which is one of the STEM professions, is related to the attitudes of both teachers
and students towards STEM education (Kimmel et al., 2007). As students' success in STEM
courses such as the T&D course increase, their orientation, and interest in STEM professions
increases. Therefore, it is vital in terms of creating human resources to produce technology
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(Hirsch et al., 2012). For this reason, improving the STEM attitudes of the students will increase
the success of the students in the T&D course and contribute to the secondary school students
choosing a field that goes to STEM professions in high school.

Giilhan and Sahin (2018) studied STEAM (STEM + Art) activities on the academic
achievement, STEAM attitude, and scientific creativity of 7th-grade students. It was determined
that their academic achievements and general STEAM attitudes improved significantly with
a moderate effect. Yildirim and Selvi (2017) conducted an experimental study on STEM
applications and the effects of Mastery Learning. As a result of the research, it was found that
STEM applications and Mastery Learning positively affect students' academic achievement and
motivation towards science.

One of the prominent factors affecting students' choice of STEM courses and their
success in these courses is students' perceptions. Students' thoughts about achieving STEM
lessons affect their success and learning levels in STEM lessons (Cedere et al., 2020). The
ability to acquire the necessary workforce in the STEM fields is essential for the sharing and
expanding development and prosperity. In order to increase the human resources needed in
STEM fields in the European Union, the need for individuals who have acquired STEM skills
is increasing every day. In order to meet the increasing need, increasing the interest and success
of students in STEM fields in secondary school and high school years is suggested as one of the
solutions (Caprile et al., 2015).

For Turkey, as a candidate for the European Union and a developing country, STEM
education is essential to create a workforce to work in the STEM field. Developing countries'
becoming developed countries is closely related to their innovative technology products in
different sectors. For these reasons, students should be guided to STEM departments in schools
that train the future workforce. It is the secondary school and high school years when the referral
will be made. In the Technology Design course, which is one of the STEM courses in secondary
school years, determining the effects of students' STEM attitudes on course success will guide
practitioners and policymakers.

According to the research results, there was a positive and significant relationship
between students' achievement in the Technology and Design Course and their STEM attitudes.
In their research on the impact of STEAM (STEM-+art) activities on academic achievement,
STEAM attitude, and scientific creativity of seventh-grade students, Giilhan and Sahin (2018)
determined that students' academic achievement and overall STEAM attitudes improved
significantly with a moderate effect.

Katanski (2013) found that American youth's creativity had declined over the past two
decades, so technological competitions will help increase interest in STEM subjects and for
students to develop positive attitudes toward STEM.

In their research, Kimmel et al. (2007) discuss how most secondary and high school
students do not know the engineering field and do not know what an engineer does. They
emphasize that, for students to be directed to STEM fields, teachers should be adequately
trained in this regard; exceptionally, they should be trained in engineering. They obtained
results indicating that children could get an adequate education in STEM and achieve concrete
results in cooperation with school, parents, and industry.

Hirsch et al. (2012) engaged secondary school students at the Exxon Mobil Bernard
Harris Summer Science Camp at The New Jersey Institute of Technology in the design process,
albeit briefly in the summer semester. Students completed the design process, including problem
identification, identifying alternative solutions, prototyping, testing, evaluating, and developing
positive attitudes to the engineering design process.
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Conclusions and Implications

As a result of the research, correlation analysis between the achievement score of
the Technology and Design Course and the STEM attitude scale, a positively significant
relationship was determined. Regression analysis was carried out to determine whether the
STEM attitude scale significantly predicts the achievement of the technology design course.
The analysis results suggest that the STEM attitude scale significantly predicts the achievement
of the Technology and Design Course. It has been determined that the students' T&D course
success depends on the STEM attitude of the students. Therefore, in order for students to be
successful in the T&D course, teachers are recommended to do the necessary work to develop
a positive STEM attitude in students.

In this study, the correlational survey model was used as a research model to examine the
relationship between secondary school students' STEM attitudes and their technology design
course success. In future studies, Qualitative approaches such as observation, interview, and
interview can be used. Thus, in-depth information about the application can be obtained.

In line with the findings of this study, which revealed that students' STEM attitudes
are essential for the Technology and Design course, in-service training can be organized for
teachers to improve their STEM attitudes in all students. Technology design classes can be
developed and improved, especially in public schools, so that STEM education can be realized,
and students can design original products.
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