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ABSTRACT This study aims to reveal the effect of engineering design-based STEM activities on the entrepreneurial skills
of seventh-grade students. In this context, students were asked to design engineering design-based STEM activities for
problems identified using real-life situations. At the end of this process, an attempt was made to determine whether their
entrepreneurial skills had changed in response to the solutions they developed to the problem. The research used a mixed-
methods sequential design, first collecting quantitative data and then qualitative data to examine in depth the reasons behind
the quantitative results. The participants in the research were 50 seventh-grade students, 26 in the experimental group and 24
in the control group, attending a state secondary school. The data collection tools used in the study were the Science-Based
Entrepreneurship Scale and a semi-structured interview guide. The study found that engineering design-based STEM activities
positively affected the development and improvement of students' entrepreneurial skills. The participants stated that they
enjoyed the application process, remained active throughout, and that a student-centred approach was effective in achieving
these results. The participants emphasised that it was a process that developed their entrepreneurial skills and changed their
perceptions of entrepreneurship.
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1. INTRODUCTION However, today there is a greater focus on the skills
In the 21t century, rapid renewal, change, and individuals should have to prevent global problems caused
development are occurring across many fields, such as the by the uncontrolled use of information (Prajapati, Sharma,
economy, technology, and industry. Countries worldwide B., & Sharma, D., 2017).
are in a race across all these fields. In this process, it is "21st century skills" are essential for individuals to cope
important to provide individuals with knowledge and skills with the challenges of the age, solve complex problems,
appropriate to their age in education and training and play an active role in economic development (Rae,
processes. However, countries can come to the forefront Martin, Antcliff, & Hannon, 2010). STEM (Science,
in this race by attracting individuals with this knowledge Technology, Engineering, Mathematics) education is
and these skills. These skills that individuals should have gaining attention as an effective way to develop these skills.
are expressed as 21%t-century skills. These skills include STEM education is a teaching system that aims to integrate
critical and  creative  thinking, = problem-solving, the disciplines of science, technology, engineering, and
entrepreneurship, communication, cooperation, mathematics, with a basic approach of application (Bybee,
leadership, responsibility, cutiosity and imagination, 2010). The fact that developed countries focus on subjects
creativity, and innovation (Partnership for 21st Century related to science, technology, engineering, and
Skills [P21], 2009). Rapidly increasing populations and the mathematics parallels their developed economies (Mercan
need for employment, technological advances, financial Hébek, 2014). In the 215 century, students need to draw
competition, and scientific developments have globally on more than one discipline to solve the complex problems

changed the profile of the qualified people societies need they face (Moore et al.
to raise. In the 20t century, the development of science and

, 2014). Therefore, it is
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recommended that disciplines be taught in an integrated
manner rather than separately (Turiman, Omar, Daud, &
Osman, 2012). In Turkey, various studies have been
conducted to keep up with these developments. National
Science and Technology Policies 2003-2023 Strategy
Document prepared by TUBITAK (2004), STEM
Education Turkey Report published by Akglindiz et al.
(2015-a), Vision 2050 Turkey Report presented by
TUSIAD (2011), and 2023 Vision Document of the
Ministry of National Education (2018) draw attention in
this regard. In these documents, it is emphasised that
science, engineering, technology, and mathematics
disciplines should be taught by integrating them, and that
raising students as individuals with knowledge and skills in
these fields is a primary goal.

In recent years, the concept of entrepreneurship has
started to attract attention in the field of education, leaving
the fields of economy and business. The European
Commission has stated that entrepreneurship should not
be limited to the economic field (European Commission,
2013). Because of the rapidly changing world, scientific
studies and technological innovations are creating new
professions, and changes are also occurring in existing
employment areas. In this respect, the concept of
entrepreneurship has gained importance in acquiting
knowledge and skills to ensure that individuals are
employed in new professions (Deveci, 2016a).
Entrepreneurship is a way of thinking and acting that
affects society and the economy, and it involves business
skills  that initiate new initiatives (Developing
Entrepreneurial Graduates, 2008). According to Iscan and
Kaygin (2011), entreprenecurship emerges with the
combination of economic, cultural, social, psychological,
technological, and personality characteristics. According to
another definition, entrepreneurship is about realising and
using opportunities rather than just having resources
(Stevenson & Jarillo, 2007). Entrepreneurship means
creating a new organisation or transforming an existing one
into a different business, service, or work by taking risks
(Agca & Yumugakipek, 2015). Achor and Wilfred-Bonse
(2013) say that entrepreneurship is the ability to focus on
new business ventures, gather information, and plan to
start a new business. In entrepreneurship, people generate
new ideas, spread and implement them faster, and help new
industries grow. This makes technology-using sectors more
productive and creates fast-growing sectors, making
entrepreneurship more important (Ozcan, 2019).
According to another definition, entrepreneurship is
defined as the ability to employ oneself; find, create, and fill
market gaps; anticipate faith-based, psychological, and
social risks; and create new things while anticipating risks
and rewards (Hisrich & Peters, 1989). According to Fayolle
& Gailly (2008), entrepreneurship is a concept with several
sub-dimensions, including risk-taking, innovation,
decision-making,  and  creativity.  Entrepreneurial
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individuals  discover, select, evaluate, and utilise
opportunities (Ferrante, 2005; Shane & Venkataraman,
2000). If it is necessary to make a definition of
entrepreneurship based on the existing definitions of
entrepreneurship in the literature, entrepreneurship is the
ability of individuals to develop a product and to promote
and market this product most effectively by using their
skills of creativity, innovation, risk taking, evaluating
opportunities, forecasting, effective communication, being
courageous and decisive, making plans, financial
management, and using effectively by
recognising themselves.

Education plays a vital role in developing the attitudes
and behaviours that entrepreneurial individuals should
possess  (European Commission, 2004; FEuropean
Commission, 2008). Thanks to entrepreneurship
education, it is seen that patticipants' skills in finding
business ideas improve (Morrison, 2000), self-efficacy
increases  (Wilson, Kickul, &  Matlino, 2007),
entrepreneurial goal setting ability improves (Soutatis,
Zerbinati, & Al-Lahan, 2007), entrepreneurial career focus
(Wilson, 2008-a), entrepreneurial attitudes increase (Florin,
Karri & Rossiter, 2007). The earlier students are exposed
to entrepreneurship education, the greater the increase in
their entrepreneurial characteristics, so entrepreneurship
education should be provided long before they enter higher
education (Wilson, 2008b; Fakharzadeh, 2012). When the
content of entrepreneurship education is examined, it aims
to develop skills such as risk-taking, planning, analysis,
organising, teamwork, communication, and the ability to
see opportunities, as well as a command of economic
functioning (Deveci, 2016b). In our country, the fact that
the theoretical part of entrepreneurship education, which is
mainly taught in secondary education and universities, is
inadequate in its application is a serious problem (Kurnaz,
2017). In this context, entrepreneurship education should
not be confined to textbooks; it should be grounded in real
life, where individuals can take risks, manage the results,
discover opportunities, and offer them to others (Celik,
2018). From this point of view, entrepreneurship education
requires an interactive teaching process in which innovative
learning skills are utilised and multiple disciplines are used
together (Wotld Economic Forum, 2009). In Turkey, there
was no direct emphasis on entrepreneurship education in
science curricula until 2013 (European Commission, 2013).
However, in the 2013 curriculum update, analytical
thinking, teamwork, creativity, communication, decision-
making, and entreprencurship skills were highlighted
within the scope of life skills (MoNE, 2013). In the
programme renewed in 2018, engineering and design skills
were added to science and entrepreneurship skills (MoNE,
2018). The programmes aim to support economic
empowerment by focusing on developing students'
innovation, creativity, and entrepreneurship skills (Deveci,
2016-c). In 2024, within the framework of the "Turkey

resources

J.Sci.Learn.2026.9(1).91-105



Journal of Science Learning

Article

Century Education Model", entreprencurship skills have an
important place in science education. Within the scope of
this model, 13 field skills were added to the science course,
including entrepreneurship. The main goal of the model is
to enable students to integrate their knowledge into their
daily lives by establishing interdisciplinary connections and
to develop an innovative perspective by linking science and
engineering. In this direction, it is also aimed to strengthen
entrepreneurial competencies by supporting life skills such
as analytical thinking, teamwork, creativity,
communication, and decision-making (MoNE, 2024).
STEM education methods have increased in popularity
over the last century and appear to be an advantageous
teaching approach, especially for developing 21s-century
skills (Yildirim & Gelmez-Burakgazi, 2020).

STEM education refers to the integration of disciplines
through inquiry-based and project-oriented approaches in
contemporary education. Cevik, Sentiitk, and Abdioglu
(2019) define this trend as the leading example of
multidisciplinary studies; Akgiindiiz et al. (2015 b) prioritise
the use of educational approaches suitable for the 21st
century in terms of preparing countries for Industry 4.0,
students' success in international exams, and preparing for
future professions at an early age. STEM, which has
become a state policy, especially in the USA, contributes to
both economic growth and the training of a qualified
labour force by integrating knowledge of science and
mathematics with technology and engineering, and by
supporting applied learning (Aydeniz & Bilican, 2018;
Bybee, 2013; Sanders, 2015).

The engineering design process enables students to
systematically experience the stages starting from defining
and analysing a problem to gathering information,
developing ideas, planning, generating creative solutions,
prototyping, testing, and, if necessary, optimising (Moore
et al., 2014; NGSS Lead States, 2013; NRC, 2012). Dym,
Little, Orwin, and Spjut (2009) define this process as a
systematic method that requires reflection in which
engineers design and evaluate products or schematics for
systems, devices, and processes to meet the requirements
of customers and users within various constraints. NASA
(2011) defines the engineering design process as a cycle of
repeated steps that guides a team of engineers in
developing a new product or system and enables
continuous improvement (Figure 1). Furthermore,
integrating  engineering  design  into  educational
programmes can be achieved through context integration
(a pedagogical approach that supports science and
mathematics concepts) or content integration (direct
learning that includes both science/mathematics and
engineering outcomes) (Moore & Smith, 2014).

In this study, the aim was to examine the effects of
engineeting-design-based STEM activities on students'
entrepreneurship skills. Within the scope of the study,
answers to the following research questions were sought.
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Figure 1 Engineering design cycle process (NASA, 2011)

a) Do engineering design-based STEM activities affect
students' science-based entrepreneurship skills?

b) What are the students' views on the engineering design-
based STEM education process?

¢) What are the students' views on the role of engineering
design-based STEM activities in gaining science-based
entrepreneurship skills?

2. METHOD

This research used a mixed-methods approach. Mixed-
methods research is an approach that uses both
quantitative and qualitative data, thereby facilitating a better
understanding of the research problem (Creswell & Plano-
Clark, 2023). The researcher first collects the first type of
data and then uses the second type of data to provide
supporting information. For example, in experimental
studies, qualitative data are collected to inform the design
of the intervention or to explain quantitative results
(Creswell & Creswell, 2017). The study design is an
embedded experimental design. an embedded
experimental design, one method is more dominant than
the other. In other words, one data set serves as the
foundation, while the other explains or supportts it. In this
model, quantitative techniques are prioritised, and
qualitative data is considered secondary (Creswell & Plano
Clark, 2007).
2.1 Participants

The present study was conducted with 50 seventh-grade
students, selected through a purposive (convenience)
sampling method. This approach involves selecting
participants who are most readily accessible within the
target population (Patton, 2005). Although convenience
sampling is generally considered less rigorous than
probability-based methods due to its limited capacity to
represent the broader population, it was deemed
appropriate for this study given its longitudinal nature and
the fact that the researchet's own school setved as the data
collection site. Of the participants, 26 were assigned to the
experimental group and 24 to the control group.

In
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Participants were assigned to these groups using simple
random sampling, a method in which each unit in the
population has an equal probability of being selected. In
practice, this involves drawing names at random from a
predefined list (Cepni, 2010). Before implementing the
intervention, a series of procedures was followed to
determine the equivalence of the two groups.
2.2 Data Collection Tools

In the study, the "entrepreneurship scale for science
course" was used to collect quantitative data, and a semi-
structured interview guide was used to collect qualitative
data. The "Entreprencurship scale for science course"
developed by Yolagiden and Bektas (2021) used in the
research consists of 24 items and is evaluated across three
sub-dimensions (Self-regulation, Innovation, Self-efficacy).
The scale is administered using 5-point Likert-type
response options; thus, patticipants' scores range from 24
to 120. In addition, Cronbach's alpha coefficients for the
scale (overall: 0.89; Self-regulation: 0.71; Innovation: 0.85;
Self-efficacy: 0.75) indicate adequate reliability and validity.

The researcher prepared the semi-structured interview
form. The interview forms were reviewed for content by
three experts in science education (a professor, a lecturer,
and a science teacher), and revisions were made in line with
their expert opinions. In this context, sub-questions were
added to some interview questions to obtain more detailed
data. One interview question was removed because it was
not appropriate for the class level. A language expert for

grammar also analysed the interview form, and grammatical
errors were corrected based on the feedback provided.
2.3 Implementation process

During the research implementation, problem-based
scenarios were prepared first (Table 1). In these scenarios,
problem situations from daily life and those that students
may encounter were presented. Then, a presentation on the
problem-based learning method was given to the students.
Afterwards, theoretical information about STEM
education and the engineering design cycle was given. In
the application phase, the prepared scenarios were first
distributed to the students, who were asked to identify the
problem situation in each scenario. At this stage, students
identified the main and sub-problems mentioned in the
scenario. Then, using the problem-based learning method,
they collected information and developed ideas by
conducting research into the problem's solution.
According to the engineering design cycle, the
experimental group students applied the steps of "ask,
imagine, plan, design, test, and develop" in their respective
groups. At the end of the process, they were enabled to
matrket the products they produced based on the solution
proposals they developed for the problem by introducing
them in different environments. During implementation,
they created three scenarios and nine entrepreneurial
projects for each. In this context, students developed
natural cleaning products to address the harms of chemical
cleaning products; natural fertiliser; dog food based on the
idea of recycling food waste; and alternative electrical

*Reviewing relevant literature and preparing scenarios ( 2 weeks)

* Administration of pre-tests (2 weeks)

*Review of similat projects related to the scenatios by the teacher and procurement of necessary materials

*Providing information to students about the application and training process (1 week)

*Presentation of the scenario tor Activity 1. Reading of the scenario by students and identification of the
problem and sub-problems. Conducting research related to the problem.(1 week)

method.

* Developing solution proposals related to the scenario, discussing them in class, and selecting the best solution

* Initiating the engineering design cycle process related to the problem in the scenario (1 week)

introduction of the models designed.(1 week)

*Presentation of solution proposals developed by groups tor the problem mentioned in the scenario and

*Testing and development of the proposed solution and the designed project.(1 week)

activity (4 weeks)

*Presentation of the second scenario for the second activity and cyclical repetition of the process in the first

manner.( 4 weeks)

* Presenting the third scenario for the third activity and repeating the process trom the first activity in a cyclical

*Conducting final tests and applying the semi-structured interview form (1 week)

) _J _J_J G __N__J __J_Jo_JL_J

C€EEEEL €€

Figure 2 Processes carried out during the application process
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Figure 3 Products produced at the end of the application and an image from the promotion and marketing processes

Table 1 Implementation dimension of the research

Method Group Before the implementation Implementation process After the implementation
process process

Quantitative Experimental ~ Science-Based Scenatio-based and problem-based = Science Based

Method group Entrepreneurship Scale Pre-  STEM activities Entreprenecurship Scale
Test Posttest

Quantitative Control group  Science-Based Mathematics and Science Science Based

Method Entrepreneurship Scale Pre-  Applications Course Curriculum Entreprencurship Scale
Test Posttest

Qualitative ~ Experimental The semi-structured interview

Method Group form

Qualitative

Method

energy generation products where there is a need for
electrical energy. Then, students designed logos for their
products and created product brands. They presented their
products to visitors at the school bazaar and made sales.
Figure 2 shows processes carried out during the application
process, while figure 3 depits products produced at the end
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of the application, and an image from the promotion and
marketing processes.
2.4 Data Analyses

In this study, quantitative data collected during the
research process were analysed using SPSS 22.0. The SPSS
programme is used to compare groups or to show changes
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in measurements taken at different times within a group.
While analysing the quantitative data, analyses were
conducted at both the whole-scale and sub-factor levels.
To support the quantitative data and obtain detailed
information on the reasons, qualitative data were collected
through semi-structured interviews with the experimental
group students. These qualitative data aimed to reveal
students' entrepreneutial skills through the dimensions and
themes of the measurement tools used. In light of different
approaches in the literature, it was considered essential to
describe the data and determine the themes; for this reason,
the data were classified by descriptive analysis method by
creating a conceptual framework, and the findings were
determined and interpreted (Yildirim & Simsek, 2016). In
analysing qualitative data, each participant was coded as S1,
S2,S3, and so on.

The sub-problems of the study were addressed by
comparing the pre-test scores of students in the
experimental and control groups to determine whether
their dependent variable levels were equal. An
independent-samples t-test was performed on the science-
based entrepreneurship scale. The results of the Levene test
indicated that the variances were homogeneous and that
there was no statistically significant difference between the
experimental and control groups in academic achievement
(p = 0.15). In the analysis, equality was established because
there was no statistically significant difference between the
groups.

2.5 Ethical Approval

The authors were contacted via e-mail regarding the
scales used in the study, and the necessary permissions
were obtained and used. The study was conducted in
accordance with the decision of Erciyes University Social
and Human Sciences Ethics Committee, dated 29.08.2023,
and 339. For qualitative data, participants provided
voluntary consent forms, and permission documents were
obtained from their parents.

Table 2 Frequency information of experimental and control

groups

3. RESULTS

The research results are presented in two sections:
quantitative and qualitative.
3.1. Quantitative Results

The numerical information regarding the study
participants is presented in Table 2. The frequency and
percentage values of the group distribution of the students
participating in the study are presented in Table 2.
Accordingly, 50 students patticipated in the study. Of these
students, 24 (48.0%) were in the control group, and 26
(52.0%) were in the experimental group. The similarity of
the distributions across groups indicates a suitable sample
structure for comparative analyses.

The distribution of students participating in the study
by group and gender is shown in Table 3. Of the 24
students in the control group, 13 (26.0%) were female, and
11 (22.0%) were male. In the experimental group, 12
(24.0%) of 26 students were female, and 14 (28.0%) were
male. The gender distribution in the general sample is
balanced, and both groups have similar proportions of
female and male students.

Before proceeding to the predictive tests, it was
examined whether the dependent variables were normally
distributed. The statistical analyses indicated that the data
were normally distributed. In this respect, it was observed
that the skewness and kurtosis values ranged from -1 to +1.
The Shapiro-Wilk normality test p-value was greater than
0.05, indicating that the data were normally distributed.
Based on these results, parametric tests were used in
predictive statistical analyses.

The results of the Shapiro-Wilk test regarding whether
the Science-Based Entrepreneurship Scale (SBES) pre-test
and post-test scores of the students in the experimental
group fit the normal distribution are presented in Table 4.
According to the Shapiro-Wilk test, the distributions of

Table 3 Gender distribution of the students participating in the

Frequency Percent Valid Cumulative
Percent Percent

Control group 24 48.0 48.0 48.0
Experimental group 26 52.0 52.0 100.0
Total 50 100.0  100.0

study

Frequency Percent Valid Cumulative

Percent Percent

Control Woman 13 26.0 26.0 26.0
Group
Control Male 11 22.0 22.0 48.0
Group
Experimental Woman 12 24.0 24.0 72.0
Group
Experimental Male 14 28.0 28.0 100.0
Group

Table 4 Normality test results of pre-test and post-test scores of Science-Based Entrepreneurship Scale of Experimental Group Students
Kolmogorov-Smirnovb Kolmogorov-Smirnovb Kolmogorov-Smirnovb Shapiro-Wilk Shapiro-Wilk Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pre_Test .125 26 .200%* .936 26 11
Post Test 153 26 120 .957 26 .34
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Table 5 Normality test results of Control Group Students' Science-Based Entrepreneurship Scale Pre-test and Post-test scores

Kolmogorov-Smirnov Kolmogorov-Smirnov Kolmogorov-Smirnov Shapiro-Wilk Shapiro-Wilk Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Pre_Test .14 24 20% .96 24 .39
Post Test .13 24 20% 94 24 .16

Table 6 Science-based entrepreneurship scale pre-test descriptive
statistics results of experimental and control group students

Group N Mean Std. Std. Error
Deviation Mean
Pre test Kontrol 24 82.42 7.60 1.55
Pre test Deney 26 85.46 7.21 1.41

pretest scores (p = .11) and posttest scores (p = .34) were
not statistically significant (p > .05). These results indicated
that both variables were normally distributed. Therefore, it
was concluded that parametric tests could be used for the
SBES scores of the experimental group.

The suitability of the Science-Based Entrepreneurship
Scale (SBES) pre-test and post-test scores of the students
in the control group for normality was evaluated using the
Shapiro-Wilk test (Table 5). According to the test results,
the distributions of pretest scores (p = .39) and posttest
scores (p = .16) were not statistically significant (p > .05).
These findings indicate that the SBES scores of the control
group follow a normal distribution and support the use of
parametric tests on these data.

Descriptive statistics related to the pre-test scores of the
experimental and control group students' Science-Based
Entrepreneurship Scale (SBES) are given in Table 6. While
the control group's mean pretest score was 82.42 (SD =
7.60), the experimental group's mean pretest score was
85.46 (SD = 7.21). Although the two groups' averages were
close, the experimental group's was slightly highet. This
result indicates slight differences between the groups at
baseline; however, to determine whether these differences
are statistically significant, an unrelated-samples t-test

should be applied.

The results of the independent-samples t-test
comparing the Science-Based Entrepreneurship Scale
(SBES) pre-test scores of the experimental and control
group students are presented in Table 7. According to
Levene's test, no significant difference in variance was
found between groups (p = .64 > .05); therefore, the
assumption of equal variance was met, and the analysis was
interpreted accordingly. According to the t-test results, no
statistically significant difference was found between the
pre-test scores of the experimental and control groups
(t(48) = -1.45, p = .15 > .05). This indicates that the
Science-Based Entrepreneurship levels of both groups
were similar before the intervention.

The results of the independent-samples t-test
comparing the Science-Based Entrepreneurship Scale
(SBES) pre-test scores of the experimental and control
group students are presented in Table 7. According to
Levene's test, no significant difference in variance was
found between groups (p = .64 > .05); therefore, the
assumption of equal variance was met, and the analysis was
interpreted accordingly. According to the t-test results, no
statistically significant difference was found between the
pre-test scores of the experimental and control groups
(t(48) = -1.45, p = .15 > .05). This indicates that the
Science-Based Entrepreneurship levels of both groups
were similar before the intervention.

The results of the independent-samples t-test
comparing the Science-Based Entreprencurship Scale
(SBES) posttest scores of the experimental and control
group students are presented in Table 8. Levene's test
indicated equal variances (p = .46 > .05), so the t-test was
conducted under the assumption of equal variances. As a
result of the analysis, a significant difference was found
between the posttest scores of the experimental and

Table 7 Independent samples t-test results of science-based entrepreneurship scale pre-test scores of experimental and control group

students
Levene's Test for t-test for t-test for Equality of t-test for Equality of Means
Equality of Equality of Means
Variances Means
F Sig. t df Sig. (2- Mean Std. Error Lower Upper
tailed)  Difference Difference
Pre Test Equal 21 .64 -1.45 48 0.15 -3.04 2.09 -7.26 1.17
variances
assumed
Pre Test Equal -1.45 471 0.15 -3.04 2.10 -7.27 1.18

variances not
assumed
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Table 8 Independent samples t-test results of science-based entrepreneurship scale post-test scores of experimental and control group

students
Levene's Test for  t-test for Equality of Means
Equality of
Variances
F Sig. t df Sig. (2-tailed) Mean Std. Error 95% Confidence
Difference Difference Interval of the
Difference
Lower Upper
Post  Equal .55 46 -10.39 48 .00 -14.55 1.40 -17.37 -11.74
Test variances
assumed
Post  Equal -10.34  46.37 .00 -14.55 1.41 -17.39 -11.72
Test variances

not assumed

Table 9 Descriptive statistics results of science-based entrepreneurship scale sub-factors for the experimental group

Mean N Std. Deviation Std.Mean
1. Self-regulation pre-test 37.62 26 4.27 .84
Factor Self-regulation post-test 45.27 26 2.91 57
2. Innovation pre-test 31.23 26 3.47 .68
Factor Innovation post-test 39.31 26 2.96 .58
3. Factor Self_Efficacy pre-test 16.62 26 4.05 79
Self_Efficacy post-test 22.81 26 1.79 .35

Table 10 Dependent sample t-test results of science-based entrepreneurship scale sub-factors of the experimental group

Paired Differences t df Sig. (2-
Mean Std. Std.  95% Confidence Interval tailed)
Deviation Error of the Difference
Mean Yower Upper
1. Self-regulation Pre-test Self-
Factor regulation Post-test -7.65  5.46 1.07 -9.86 -5.45 -7.16 25 .00
2. Factor Innovation Pre-test
Innovation post-test -8.07  4.96 .97 -10.08 -6.07 -8.30 25 .00
3.Factor  Self-efficacy pre-test Self-
efficacy post-test -6.19 455 .89 -8.03 -4.35 -6.94 25 .00

control groups (£(48) =-10.39, p <.005). The experimental
group's average score was approximately 14.55 points
higher than the control group's. This finding shows that the
science-based entrepreneurship education programme
significantly improved students' entrepreneurship skills in
the experimental group.

The descriptive statistics of the pre-test and post-test
scores of the Science-Based Entrepreneurship Scale
(SBES) sub-factors of the experimental group are given in
Table 9. In the self-regulation factor, while the pre-test
mean was 37.62 (SD = 4.27), the post-test mean was 45.27
(SD = 2.91). In the innovation factor, the pre-test mean
was 31.23 (SD = 3.47) and the post-test mean was 39.31
(SD = 2.96). In the self-efficacy factor, while the pre-test
mean was 16.62 (SD = 4.05), the post-test mean was 22.81
(SD = 1.79). These findings show that the students in the
experimental group experienced a significant increase in

DOI: 10.17509/ jst.v9i1.86917

98

the sub-dimensions of the science-based entrepreneurship
scale after the application.

A dependent-samples t-test was used to determine
whether there were significant differences between the pre-
test and post-test scores for the Science-Based
Entrepreneurship Scale (SBES) sub-factors the
experimental group. (Table 10). In the self-regulation factor,
a significant difference was found between the pre-test and
post-test scores (t(25) = -7.16, p < .005). The mean
difference was -7.65, and the post-test scores were
significantly higher than the pre-test scores. Similatly, a
significant difference was found in the innovation factor
(t(25) = -8.30, p < .005), with a mean difference of -8.07.
In the self-efficacy factor, a significant difference was
found between pre-test and post-test scores (t(25) = -6.94,
p < .005), with a mean difference of -6.19. These results
show that the students in the experimental group
demonstrated significant improvements in their skills and

in
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perceptions in the sub-dimensions of the science-based
entrepreneurship scale after the training.

The comparison of pre-test and post-test scores from
the scale revealed that engineering design-based STEM
activities led to a statistically significant increase in
entrepreneurship  skills  (p < 0.05). Significant
improvements were observed, especially in sub-dimensions
such as creative thinking, risk-taking, self-confidence,
leadership, motivation, and co-operation. This shows that
STEM activities not only provide science or engineering
knowledge, but also develop students' life skills such as
generating solutions, developing ideas, implementing, and
leading in the face of real-life problems. Based on the
findings, the highest level of development is in the
"creativity and innovation" dimension. This finding is
directly related to the structure of engineering design-based
STEM activities that allow students to develop original
designs and use their imagination. In addition, the increase
in the dimension of "self-confidence and determination”
was also found to be significant. This can be interpreted as
students developing in a learning environment where they
can express their ideas, are given the right to trial and error,
and making mistakes is included in the learning process.
3.2. Qualitative Results

Results obtained from students' opinions about the
implementation  process carried out with

engineering design-based STEM activities.

In line with the opinions received from the students, the
students' views on the process of implementing
engineering design-based STEM activities were analysed
and grouped into six meaningful themes.

Co-operation and Group Dynamics

Participants stated that they exhibited behaviours such
as generating ideas, sharing tasks, and working together to
reach a common goal during the projects. It was said that
exchanging ideas within the group contributed to their
understanding of different perspectives and strengthened
their social relations. There are opinions that joint decision-
making processes with group members are fun and
producing together is satisfying. In this context, S3: "It was
gratifying to work as a group to solve a problem." S6: "We
first discussed our idea together, then we decided on our
idea, and everyone took a task to do it." Moreovet, S7: "We
could not solve some things alone; it was easier when we
thought together."

Creativity, Design, and Production Orientation

Students stated that they worked in a free environment
to develop ideas, design products, and transfer these ideas
into the application area in the STEM process. It was said
that, thanks to the experimental structure of the process, it
is possible to learn through trial-and-error methods, and
that learning from mistakes is considered natural; thus,
productivity increases. The students stated that they were
able to express their own ideas freely, that they looked for
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different solutions, and that they were more motivated
when they made their ideas concrete. When the opinions
about these expressions are analysed, S6: "We developed
new ideas and designed our own product while doing
projects.” S4: "We tried different ideas, and finally we chose
the best one." and S1: "I thought that the product we
designed during the project would not work, but then it
worked when we made some arrangements, and this made
me happy."

Entrepreneurship Values and Motivational Development

Participants stated that during the engineering design-
based STEM education process, they encountered the
concept of entreprenecurship in ways they had not noticed
before and internalised some values. In particular, they
stated that affective gains such as perseverance, patience,
not giving up, and determination came to the fore. Students
began to define entrepreneurship not only as generating
ideas, but also as defending, explaining, and realizing them.
It was stated that the ways of coping with the difficulties
they experienced in this process improved their intrinsic
motivation and increased their confidence in their own
potential. S4: "I think entrepreneurship is about not giving
up and I have learnt this", S7: "I am no longer afraid of
taking risks, I can take more risks", S2: "Thanks to this
course, I can calculate money while developing a product,
I work more planned and I use time well". S8: "........ Ilearnt
to trust my own ideas." S10: "........ When I succeeded in
something, I wanted to do more."

Self-confidence, Courage, and Emotional Development

The participants stated that they were initially shy about
expressing opinions and speaking in the group; however, as
the process progressed, they became more comfortable
presenting ideas and gained self-confidence. S1: "I was
hesitant at first, but I was no longer afraid of expressing my
opinion." S9: "At first, I could not tell my ideas to my group
mates, I thought it was ridiculous, but then I told my ideas
because STEM means this", S4: "When I presented the
project, I was thrilled that everyone liked it", S6: "When my
friends in the group liked my idea and accepted to do that
project, I was proud and wanted to find better ideas".

Connecting with Real Life and Social Awareness

Students stated that the problems they encountered in
engineering design-based STEM activities that were
associated with daily life attracted their attention, and the
information they learned became meaningful. The students
stated that mainly producing projects for the benefit of
society motivated them, and they realised that learning is
directly related to life. S5: "We leatnt information that we
can use in real life." S2: "It was very nice to do something
useful for society." S6: "We also did a project for feeding
animals in this course. Entrepreneurship is not only about
earning money but also about doing something useful for
society. With the project we did, we ensured that stray
animals were fed." S7: "The activities we encountered in
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the lesson were from real life; we also encountered them,
so it was nice for me to do such projects”.

Attitude and Participation

Students reported that engineering design-based STEM
activities were both fun and instructive. The innovative
nature of the process positively affected students' attitudes
towards the course and increased their active patticipation.
It was stated that the project-based learning environment
attracted their attention differently from the ordinary
course flow; thus, they internalised the information they
learned and had the opportunity to apply it. In support of
these findings, S2: "The process was very nice and fun.",
S1: "In other lessons, we only solve questions or take notes,
but in this lesson we did everything, we had more
responsibility, but I enjoyed this situation". S9: " In this
lesson, our teacher guided us, we did the rest of the things,
group work was good even though it was sometimes
difficult, I liked it". T 10: "This lesson was different from
other lessons. I would like to teach other lessons in this
way." T 3: "We both had fun and learnt while doing the
projects in the lesson, this lesson was very productive for
me".

Regarding the process carried out through engineering
design-based STEM activities, Students stated that they
exchanged ideas during group work, distributed tasks, and
that working together supported both their social relations
and learning processes. Design- and production-oriented
activities provided students with the opportunity to
develop ideas, learn through trial and error, and produce
solutions, thereby increasing their creativity and
productivity. The students who stated that they got to
know entrepreneurship values more closely in the process
indicated that they improved especially in skills such as risk-
taking, determination, planning work, and financial
thinking. In addition, the students said that their self-
confidence increased as they participated in the activities,
they expressed their ideas more easily in the group, and
their confidence in their own potential was strengthened.
The association of STEM applications with real-world
problems drew students' attention and made the course
more meaningful and functional. Students emphasised that
the experiences of developing products that would provide
social benefit motivated them, and they realised that
learning is related to life. Finally, students stated that these
activities were fun, instructive, and interesting, unlike in
other courses; that they actively participated in the process;
and that taking responsibility in this process improved
them.

Results obtained from students' opinions on the
effects of engineering design-based STEM activities

on entrepreneurial skills.

Based on the data obtained from the students, the
effects on entrepreneurship skills are presented as follows:
risk-taking, creativity and innovation, time management,
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financial management, co-operation and teamwork,
petseverance, presentation, effective communication, and
problem-solving.

Risk Taking

The students stated that they did not hesitate to try
different solutions along the way and that they took the risk
of making decisions in situations where the outcome was
unknown. They stated that making mistakes did not
prevent them from learning and that they were open to the
trial-and-error process. In this context, S3: "We tried
something different this time, we did not know whether it
would work or not, but we did it anyway." S7: "At first 1
was afraid of making mistakes, but then I realised that
making mistakes was not a bad thing." S9: "We tried a
different method, it did not work at first, but then it worked.
I am glad we tried it." They made such statements.

Creativity and Innovation

The students stated that they produced ideas that had
not been used before and developed their own methods
during the activity. They indicated that they worked on out-
of-the-ordinary solutions and sought originality in their
designs. In this regard, S2: "No one had ever done the idea
in our minds before; we were the first to try it." S5: "It was
very fun to make different designs, I always came up with
new ideas." S6: "Producing our own project and developing
new ideas gave me self-confidence." They used these
expressions.

Time Planning

The students stated that they put things in order, made
plans, and tried to use time effectively to complete the tasks
within the given time. S4: "We had little time, so I learnt
that we should do everything in order." S8: "When we
could not use the time well, we could not complete some
things, and this was a lesson for us." S9: "We planned what
to do every day, then things were easier.”

Financial Management

Regarding financial management, one of the basic skills
of entrepreneurship, the students stated that they had to
work with limited resources, paid close attention to
economic choices in material selection, and tried to act
within the budget. S1: "The materials were expensive, so
we tried to find cheaper ones." S7: "Even if we have money,
we should not waste it." S10: "We wete able to do the same
job by using the most affordable part." They included the
following statements.
Co-operation

The students stated that they distributed tasks during
group work, worked cooperatively with their friends, and
progressed by making joint decisions. In this context, S3:
"Everyone had a task, everything was easier when we
worked together." S4: "I could not do some things alone; I
cooperated with my friends." S8: "It was necessary to
produce something by brainstorming, explaining our ideas,
and finally agreeing."
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Not giving up

The students stated that they did not stop working in
case of failure; they tried again and continued the process
until they achieved the result. S7: "We failed in our first
attempt, but we did not give up; we tried again." §9: "We
finally did it because we did not give up." S10: "We could
not achieve the result we wanted in one of our projects, but
we made some changes and redesigned it, and then we were
successful, which made me happy."

Making a Presentation

The students stated that they had the opportunity to
express their ideas to others at the end of the project, that
they were excited at the beginning of the presentations, but
that they got used to it over time, and were able to express
themselves. S5: "In the preliminaries, I was excited while
making presentations in our group or in the classroom, but
then I got used to it." S7: "It was very nice to tell people
about the products we obtained from our projects.” S8:
"When people saw what we did, they liked it. It was nice to
tell them about our project.”

Effective Communication

The students stated that they expressed their ideas
clearly, that communication within the group positively
affected the working process, and that they made decisions
by listening to their friends. S1: "When I listened to my
friend, I understood what he actually meant, and we
decided accordingly." S4: "Everyone exptessed their
opinions, then we reached a common decision." S7: "When
we communicate well, things progress faster." They
expressed their opinions as follows.

Problem-Solving Skills

The students stated that they tried to develop solutions
to the technical or structural problems they encountered;
they analysed the issues, focused on identifying their causes,
and were involved in the solution process. S8: "When we
encountered a problem, we first did research about it, we
looked for similar solutions". S2: "We misconnected the
circuit. We found where we made a mistake and corrected
it." S6: "When there was a problem, we first thought about
why it happened, then we looked for a solution." S9:
"When a problem arose, we tried to solve it without
panicking."

In the descriptive analysis of the entrepreneurial skills
of students who participated in engineering design-based
STEM activities, it was determined that these activities
improved  various  sub-dimensions of = students'
entrepreneurial skills. The students stated that they did not
hesitate to try new ideas during the process and that they
made decisions and put them into practice even if there was
a possibility of making mistakes. They stated that they
developed original ideas during the activities, tried solution
methods that had not been used before, and that this
situation increased their creativity. In terms of time
management, the students stated that they prioritised tasks
and tried to act in a planned manner to complete their
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assignments on time. In addition, they indicated that they
had to work with limited resources, so they carefully
selected budget-friendly, functional materials and avoided
unnecessary expenditures. Regarding group work, the
students stated that they worked in co-operation with their
teammates, exchanged ideas, and made joint decisions.
Despite the difficulties encountered, they continued to
look for solutions without giving up, demonstrating
perseverance. The students also stated that their ability to
present and explain their ideas to others improved; they felt
more comfortable during the presentation and expressed
themselves better. Finally, they indicated that they
improved their ability to communicate effectively and to
have mutual understanding during the activity, that they
tried to produce solutions together when they encountered
technical or organisational problems, and that this
improved their problem-solving skills.

In this study, in line with students' opinions on
engineering design-based STEM activities, it was
concluded that these activities were practical for
developing students' entrepreneurial skills and for fostering
positive changes in their attitudes towards the learning
process. It was determined that students established
effective co-operation during group work, exchanged ideas,
and worked together toward a common goal. In the design
and production processes that supported creativity,
students developed original ideas, transformed them into
products, and thus improved their problem-solving,
decision-making, and innovation skills. It was understood
that the process contributed to the internalisation of
entrepreneurship  values (such as self-confidence,
determination, risk-taking, financial planning, and social
benefit) and students integrated these values into their own
learning experiences. In addition, it was concluded that
STEM applications conttibuted to students' affective
development, strengthened their self-efficacy beliefs, and
made learning meaningful by connecting it to real life. In
this context, it can be said that engineering design-based
STEM activities are an effective method for providing
student-centred, production-oriented, and interactive
learning environments by integrating with
entrepreneurship education.

The thematic analysis derived from the interviews with
the students both supports the quantitative findings and
deepens the layers of meaning. Students stated that STEM
processes develop not only academic but also social and
affective skills.

Self-confidence  and  Determination:  Students'
statements such as "I used to hesitate, but now I speak my
mind" or "I learnt to cotrect my mistakes and move on"
point to the development of self-confidence. These
statements coincide with the increase in self-confidence
determined by the scale.

Creativity and Innovation: Students reported generating
original ideas in STEM, with comments such as "I made
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my own design" and "I found my own solution, not
someone else's". This supports the development of creative
thinking skills.

Motivation and Perseverance: The fact that the project
process was ‘"enjoyable and meaningful" increased
students' intrinsic motivation. Students' expressions such
as "I did not give up, I tried again" reveal the effect of
STEM processes on the determination to learn.

Co-operation and Leadership: It is understood from the
comments of the students, such as "we made decisions
together", "we valued everyone's opinion", that the skills of
leadership, taking responsibility, and respecting the
opinions of others were developed in group work. This also
supports the quantitative increase in co-operation and
communication skills.

4. CONCLUSION AND DISCUSSION

This study aimed to examine the effects of engineering-
design-based STEM activities on the entrepreneurial skills
of secondary school students using both quantitative and
qualitative data. Within the scope of the research, both
quantitative data obtained from the entrepreneurship skills
scale and qualitative findings obtained from student
interviews were evaluated together. In this section, the
findings are analysed as a whole, and both the effectiveness
of the practices is discussed, and the results are compared
with the related literature.
4.1 Quantitative results
Entrepreneurship Skills

The comparison of pre-test and post-test scores from
the scale revealed that engineering design-based STEM
activities led to a statistically significant increase in
entrepreneurship  skills  (p < 0.05).  Significant
improvements were observed, especially in sub-dimensions
such as creative thinking, risk-taking, self-confidence,
leadership, motivation, and co-operation. This shows that
STEM activities not only provide science or engineering
knowledge, but also develop students' life skills such as
generating solutions, developing ideas, implementing, and
leading in the face of real-life problems. Based on the
findings, the highest level of development is in the
"creativity and innovation" dimension. This finding is
directly related to the structure of engineering design-based
STEM activities that allow students to develop original
designs and use their imagination. In addition, the increase
in the dimension of "self-confidence and determination”
was also found to be significant. This can be interpreted as
students developing in a learning environment where they
can express their ideas, are given the right to trial and error,
and making mistakes is included in the learning process.
4.2 Conclusions and discussion on qualitative findings
in entrepreneurship skills

In this study, in line with students' opinions on
engineering design-based STEM activities, it was
concluded that these activities were practical for

and discussion on
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developing students' entrepreneurial skills and for fostering
positive changes in their attitudes towards the learning
process. It was determined that students established
effective co-operation during group work, exchanged ideas,
and worked together toward a common goal. In the design
and production processes that supported creativity,
students developed original ideas, transformed them into
products, and thus improved their problem-solving,
decision-making, and innovation skills. It was understood
that the process contributed to the internalisation of
entrepreneurship  values (such as  self-confidence,
determination, risk-taking, financial planning, and social
benefit) and students integrated these values into their own
learning experiences. In addition, it was concluded that
STEM applications contributed to students' affective
development, strengthened their self-efficacy beliefs, and
made learning meaningful by connecting it to real life. In
this context, it can be said that engineering design-based
STEM activities are an effective method for providing
student-centred, production-oriented, and interactive
learning environments by integrating with
entrepreneurship education.

4.3 Integrating Qualitative Findings with Quantitative
Results

The thematic analysis derived from the interviews with
the students both supports the quantitative findings and
deepens the layers of meaning. Students stated that STEM
processes develop not only academic but also social and
affective skills.

Self-confidence  and  Determination:  Students'
statements such as "I used to hesitate, but now I speak my
mind" or "I learnt to correct my mistakes and move on"
point to the development of self-confidence. These
statements coincide with the increase in self-confidence
determined by the scale.

Creativity and Innovation: Students reported generating
original ideas in STEM, with comments such as "I made
my own design" and "I found my own solution, not
someone else's". This suppotts the development of creative
thinking skills.

Motivation and Perseverance: The fact that the project
process was ‘"enjoyable and meaningful" increased
students' intrinsic motivation. Students' exptessions such
as "I did not give up, I tried again" reveal the effect of
STEM processes on the determination to learn.

Co-operation and Leadership: It is understood from the
comments of the students, such as "we made decisions
together", "we valued everyone's opinion", that the skills of
leadership, taking responsibility, and respecting the
opinions of others were developed in group work. This also
supports the quantitative increase in co-operation and
communication skills.

The findings align with many studies that argue that
STEM-based education practices support the development
of entrepreneurial skills in students. For example, Bybee
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(2013) states that STEM education prepares students not
only to be scientists, but also to be problem-solving,
leading, and innovative individuals. Similarly, MoNE
(2018) emphasises that STEM activities are effective in
equipping students with 21s-century skills. The literature
indicates that STEM activities enable students to develop
design and creativity skills (Zhbanova, 2017). In his study
with secondary school students, Konus (2019) concluded
that entrepreneurship and STEM tendencies are high, and
that there is a moderate relationship between students'
entrepreneurship tendency and STEM attitudes. Deveci
and Seikkula-Leino (20106) stated that, in the development
of entrepreneurial skills, it is of great importance to create
a reasonable competitive environment in which students
help and inspire one another, and cooperation is possible.
Evcim (2021) found that STEM activities significantly
improved students' entrepreneurship skills. Sirin (2020)
found that STEM activities positively affected the
entrepreneurship skills of 7th-grade students in his study
conducted with secondary school students. Sart & Yazici
(2019) found that STEM activities statistically significantly
increased students' entrepreneurship skills. Pekbay, Saka,
and Kaptan (2020), in their study aimed at evaluating
STEM activities prepared according to the engineering
design process, found that secondary school students
perceived this process as educational and fun. In the same
study, they expressed positive opinions, such as that the
STEM process supports group work and provides an
environment for thinking and working like an engineer.
Still, they also noted adverse effects on material supply,
time management, and group work during the study.
English, King & Smeed (2017), in their research on STEM
education integrated with engineering design for secondary
school students, found that students actively participated in
the process and developed 21s-century skills. Fan & Yu
(2017) reported positive effects of the integrative STEM
education approach, based on their study on the
effectiveness of integrating STEM in engineering design
practices with high school students. Shahin, llic,
Gonsalvez, and Whittle (2021) found, in a study of 193
female students, that STEM-focused entreprencurship
education positively affected students' petceptions of
entrepreneurship. When the literature was examined,
researchers stated that the engineering process supports
learning by doing and experiencing; design-based tasks
motivate students, enhance retention, and offer an inquiry-
based approach. They also noted that these practices
contribute to the development of creative and productive
individuals with advanced problem-solving skills, have a
positive effect on the development of 21st-century skills,
and that the materials developed are remarkable and
motivating (Aydin & Karslhi-Baydere, 2023; Capobianco &
Rupp, 2014; Guzey, Moore & Harwell, 2016; Hacioglu,
Yamak & Kavak, 2017; Sart & Yazici, 2019).

DOI: 10.17509/ jst.v9i1.86917 103

4.4 Recommendations

This research revealed that engineering-design-based
STEM activities play an essential role in developing
entrepreneurial skills among secondary school students.
Based on the research findings, the following
recommendations were developed:

Suggestions for Teachers and Practitioners

All branch teachers, especially science teachers, should
be informed about STEM-based activities, and these
practices should be integrated into in-class and
extracurricular activities. In particular, practices based on
the engineering design cycle support the development of
entrepreneurial skills.

While planning STEM activities, teachers should cleatly
identify learning objectives that develop entrepreneurial
skills (self-confidence, creativity, leadership, cooperation,
decision-making, etc.). In this way, practices will become
both interdisciplinary and skill-based.

Students develop the ability to cope with the difficulties
they encounter in STEM processes. For this reason,
teachers should provide guidance to facilitate the process
and turn mistakes into learning opportunities.

Suggestions for Educational Administrators and

Policy Developers

Integration of Entrepreneurship Skills into the
Curriculum: Secondary school curricula should include
activities that clearly define entrepreneurship skills and link
them to STEM practices. In this context, STEM education
should be seen not only as the teaching of scientific
knowledge but also as a means of gaining 21st-century life
skills.

Teachers should be provided with practical in-service
training on the engineering design process, STEM
education, project-based learning, and entrepreneurship
skills. Training programmes should include not only
information transfer but also workshops and practical
scenarios.

To implement STEM activities sustainably, STEM
workshops should be established in schools, and the
support materials teachers need should be provided. A lack
of resources may prevent some students from participating
sufficiently in entreprencurship processes.

Suggestions for Researchers

Conducting Research at Different Age Levels: This
research is limited to secondary school students. To
monitor the development of entrepreneurial skills, it is
recommended that similar studies be conducted at the
primary and high school levels.

Longitudinal studies should be conducted to examine
the durability of STEM-based practices’ effects on
entrepreneurship skills.

Entrepreneurial skills are shaped not only in the school
environment but also through interactions with family and
the broader social environment. Therefore, the impact of
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STEM projects with family involvement on students
should be investigated.

In future studies, how STEM activities can support sub-
types such as social entrepreneurship and environmental
entrepreneurship can be examined in detail.
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