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Introduction

It is widely known with the rapid development of science and technology in our age that students
are required to fulfill tasks in the real world, combine theory and practice and improve creative
problem-solving skills, rather than passively being involved in a cross-disciplinary curriculum. STEM
education has developed in response to these needs. STEM (Science- Technology- Engineering-
Mathematics) education is an integrated approach to assist learners to adopt creative problem-solving
techniques on the way to become inventors of the future (Roberts, 2012). STEM education aims to help
students to look at problems from a multidisciplinary point of view and acquire the necessary
knowledge and skills (Sahin, Ayar & Adiglzel, 2014). STEM fields include some of the multidirectional
and important professions in the contemporary world. Many of the new developments that make the
world a better place to live are due to the contributions of STEM field (Hossain & Robinson, 2012). As
the world develops technologically, it is now a fact that the economy of a country, its power and
leadership are bond with effective practices and skilled workers potential in STEM fields.

Vocational schools are one of the most important educational institutions where skilled workers are
trained. It is necessary to increase efficacy of vocational educational institutions that play an important
role in the development of the country in order to raise the human power in quantity and quality (Erol,
2010). In this context, STEM education to be carried out in vocational high schools play a very important
role. In general, vocational high school students are expected to not only complete their education that
improve their cultural and personal development but also complete their vocational education at the
best level to guarantee their future (Eker, 2007). Vocational high schools are educational institutions
aiming at helping students gain work experience at an early age and get involved in business life by
fulfilling the need for intermediate staff in the working segment of the society through the courses such
as in STEM fields and acquire the skills and the practices required. If vocational education cannot
respond to the needs of the market and trained staff cannot adapt to this change, it becomes difficult
for both the individual and the country to survive in today’s competitive market. The way in which this
adaptation can be achieved is to analyze properly the professions within the scope of vocational
education, to determine valid qualifications and to select adequately the content to be taught and the
method, the techniques and the assessment tools to be used in teaching (Gémleksiz & Erten, 2010).

Developing practical skills is one of the important and distinguished characteristics of STEM
education compared to other disciplines (Chang, Ku, Yu, Wu & Kuo 2015). STEM education integrated
with the vocational high school has a vital importance to educate qualified technical staff. Project-based
learning (PBL) is at the forefront of the most appropriate strategies for teaching STEM fields that
includes practice-based applications.

In the literature, PBL has been rarely studied in a pedagogical framework in the context of teaching
interdisciplinary STEM subjects. In fact, many of the learning experiences argued in STEM teaching
approaches are similar to basic principles of PBL (Siew, Amir & Chong, 2015). Project-based STEM
education (STEM-PBL) is both challenging and motivating. STEM-PBL education is an approach that helps
students to solve complex problems. It also allows students to develop critical, analytical and higher-
order thinking skills. STEM-PBL enables collaboration, peer communication; problem solving and self-
learning while increasing attentions of students (Capraro, Capraro & Morgan, 2013). In this context, it
can be said that STEM-PBL is an excellent tool that can be used in the vocational education.

Literature Review and Purpose of Study

Effects of STEM-PBL education on academic achievement: PBL has a long history. This approach was
formally introduced to schools by the philosopher and educator John Dewey then Kilpatric contributed
to the spread of this approach (Warin, Talbi, Kolski & Hoogstoel, 2016). In recent years, it appears that
PBL and STEM education, with complementary features in many contexts, are used together as a new
approach. STEM is a powerful, potentially new and educational approach. When applied properly, it can
make a big difference in students’ perceptions of the world and helping to solve the problems (Korganci
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et al. 2016). A learning environment created with STEM-PBL is important for solving the complexity of
key concepts in STEM fields (Hickey, 2014). The literature suggests that STEM-PBL education, which is
implemented through designing and practicing science-based toys, can be a useful pedagogy to teach
science to the students and encourage and motivate them to learn science (Siew, Amir & Chong, 2015).
Nevertheless, implementation of STEM-PBL education by teachers in science teaching and STEM-PBL
trainings that require some investigations for practices has not been sufficiently developed for schools.
In some research, the topics of STEM-PBL, which integrate concepts into the subjects, enable students
to transfer knowledge and skills to solve real-world problems (Fortus et al. 2005). This has allowed to
solve high-level mathematical problems and increased scores in scientific process skills in many cases
(Satchwell & Loepp, 2002). When the literature is reviewed, more specific studies were found, though
they seem to be less STEM-PBL education related (Lou, Tsai, Tseng and Shih, 2014). Still, it has been
found that STEM-PBL contributes to the development of various skills, provides STEM knowledge
integration for high school female students, and increases learners’ levels of imagination through
project-based activities.

Impacts of STEM education on career interest: Educators who believe STEM education is important
argue that students should display high performance in STEM education so that it is reflected in their
career as a result of integrating concepts of technology and engineering to science and mathematics
education in schools (Brown, Brown, Reardon & Merrill, 2011).

STEM education, which includes four disciplines, has an enhancing feature for career professions in
these fields. Especially with combination of engineering and education processes, it enables recognizing
talented students at an early age to improve their STEM skills as well as increasing the demand for
career preferences in these fields (Koyunlu Unli, Dékme & Unlii, 2016). STEM education increases the
enthusiasm of students in the related activities at primary school level and ensures self-confidence and
self-fulfillment in science and mathematics courses as well as interests in these courses (Dejarnette,
2012). This desire and enthusiasm are likely to occur at every grade level in which STEM education is
given.

When the literature is reviewed, especially science and educational institutions suggest that the
interest in STEM areas begins to develop in the secondary school period (Kier, Blanchard, Osborne and
Albert, 2014). In this context, it is very important to identify interests of students to STEM areas starting
at younger ages. It is also important to identify STEM areas of students who are studying at high schools
before or after specializing and to provide necessary guidance to them. Studies in the literature support
this view and note that there is a general decline in interests toward STEM areas starting from primary
to high schools (VanLeuvan 2004; Wells, Sanchez & Attridge, 2007). However, there are very few studies
indicating whether interests of students in STEM subjects or careers have changed (and that is often
declined) before studying in universities (Fouad, Smith & Enoch, 1997; VanlLeuvan 2004). The
determination of STEM careers of the students in the vocational high schools whose basic principle is to
provide vocational acquisition is very important in this context. In this case, interventions involving
STEM role models have been found to be very effective in increasing participations of students and in
forming perceptions of students at middle and upper levels with STEM (Ashby Plant et al. 2009; Stout et
al. 2011; Zeldin, Britner & Pajares, 2008). Many researchers also argue that scholars ought to be
involved in pedagogical practices that reflect interdisciplinary and unspecified problems in order to
prepare STEM careers for students (Anderson 2007; Clark & Ernst 2007; Marshall, Horton & Austin-
Wade, 2007; Paige, Lloyd & Chartres, 2008; Park-Rogers, Volkmann, & Abell, 2007). Furthermore,
activities that support motivations of the students demonstrate that students understand the real value
of mathematics and science while increasing the likelihood of a STEM career choice.

As can be seen from the literature, research on PBL practices, particularly for vocational high school
students are rarely studied. At the same time, there seem to be no studies investigating the impact of
STEM-PBL practices on the academic achievement of vocational high school students or on the interest
in STEM career fields. The aim of this research, in this context, is to determine the extent to which
STEM-PBL practices influence STEM achievements of students in vocational high schools and impacts of
these practices on students’ STEM career interests.
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Method

In this study, a single group pretest — posttest design in quasi-experimental models was used to
determine the impact of STEM education on the academic achievements of 11th grade students in
vocational high schools and their interests in STEM professions. This model does not include random
sampling and pairing. Symbolic appearance of the model is as follows (Buyukoztirk, Kilig-Cakmak,
Akgiin, Karadeniz & Demirel, 2008):

Group Pre-test Process Post-test
G o1 X 02

G indicates the group; 01 indicates pre-test measurement from the experimental group; X indicates
the experimental process; 02 indicates post-test measurement from the experimental group
(Buyukoztiirk et al. 2008).

Study Group

The Central Vocational and Technical High Schools in the province of Karaman was included in the
study group of the research. The Central Vocational and Technical High School was preferred as it is one
of the largest high schools in the province and has many programs appropriate for STEM areas. In
particular, the wood technology department is appealing for the realization of STEM activities as it is
one of the departments with convenient workshops and equipment. The reason for preferring the 11th
grade as the study group was that it is a period in which the field branching of students starts and
professional preferences are formed. In this regard, the study group consisted of 18 male students at
the furniture department in the 11th grade of Central Vocational and Technical High School in the first
semester of the 2016-2017 academic year. Participants were voluntarily involved in the research.

Research Questions
Within the scope of research, answers to the following questions were sought:

1) Does STEM-PBL education influence the academic achievement of vocational high school students?
2) Does STEM-PBL education influence enthusiasms of vocational high school students for STEM
professions?

Data Collection Instruments

Two types of data collection tools were used in the research. One of them is “STEM Achievement
Test” developed by the researcher and the other one is “STEM Career Interest Scale” developed by Kier
et al. (2014) and adapted to Turkish by Koyunlu Unlii et al. (2016).

Development of the STEM Achievement Test: In the research, an achievement test was designed
related to the topic of the socio-economic importance of sustainable energy sources. The 20 questions
were selected from the pool of questions that consist of four sections including science, technology,
engineering and mathematics. Questions were developed taking into consideration class-level relevance
of the science and mathematics course in the scope of STEM. Two expert academicians in the STEM
field, two specialist in sciences, mathematics and a furniture teacher, evaluated the prepared
achievement test. At this stage, three questions that were inappropriate and unclear were removed
from the test. The questions were developed considering their relevance to science and mathematics
courses within the scope of STEM. Two specialist academicians, two specialist in sciences, one
mathematics teacher and one furniture teacher evaluated the achievement test. The Bloom taxonomy
was taken into consideration when preparing the questions and the table of specifications was
prepared. The distribution of the questions is as shown in Table 1.
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Table 1.
Achievement Test Question Table of Specifications.

Distributions of Acquisitions according to Bloom’s Taxonomy
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Socio-economic importance of 3,4,10 1,11,12 6,9,15 8,13,16 7,14 2,17

renewable energy sources

The test, consisting of 17 questions initially, was applied to 151 students in the pilot study. Then,
item reliability and validity were tested and internal consistency was calculated with the help of SPSS
16.0 package program. Item 3 and item 17 whose item discrimination index was below .30 were
removed from the test and the test was reduced to 15 questions. While KR 20 reliability coefficient of
the test was .60, the item difficulty index was .57, and the item discrimination index was .49. Kehoe
(1995) indicates that KR-20 reliability coefficient should be .50 for the multiple-choice tests consisting of
up to 50 items and .80 for the tests consisting of over 80 items (cited in Tan, Kayabasi & Erdogan, 2002).
The level of difficulty of an item between .30 and .80 indicates that 30.00 — 80.00 % of respondents are
required to answer items correctly (Tan, 2006).

STEM Career Interest Scale: The STEM Career Interest Scale was administered to measure vocational
enthusiasm of the students to STEM fields in the research. Upon obtaining permission for the scale, it
was applied as pre and post test to the study group. The 5 Likert-type scale consisting of 40 items
developed by Kier et al. (2014) and adapted to Turkish by Koyunlu Unlii et al. (2016) was applied.
Validity and reliability studies were performed again for the scale. SPSS 16.0 package program was used
for calculations. The scale was applied to 165 vocational high school students. The Kaiser-Meyer-Olkin
(KMO) value of the scale was .86 and the Barlett test significance value was .00. It was found that all of
the scale had four factors describing 59.00% of the variance. These sub-factors are science, technology,
engineering and mathematics. The reliability coefficient (Cronbach alpha value) was calculated as a= .90
for the science subscale, as a = .89 for the technology subscale, as a = .92 for the engineering subscale,
and as a = .90 for the mathematical subscale. It was calculated as a = .92 for the overall scale. As the
scores ranged between 1.00 and 5.00, the students' attitudes were considered to be high as the scores
got closer to 5.00 and low as the scores got closer to 1.00. The score obtained by dividing the sum of the
item scores of sentences marked by a student, by the number of the marked sentences. Turgut and
Baykul (1992) advice that this would give the researchers an idea about students' interest in STEM
professions. Therefore, the score below 2.60 point obtained from the STEM Career Interest Scale
indicates negative interest, the scores of 2.60 and above indicates positive interest (Table 2).

Table 2.

Scales’ Items and Point Range.
Likert Items Point Point Range
Totally Agree 5.00 4.20-5.00
Agree 4.00 3.40-4.19
Not Sure 3.00 2.60-3.39
Disagree 2.00 1.80-2.59
Totally Disagree 1.00 1.00-1.79

(Oztaban & Satici, 2015)
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Data Analysis

Level of significance, standard deviations and means were examined with nonparametric Wilcoxon
Signed-Rank Test for related measurements that would determine whether there is a significant
difference between academic achievement and STEM career interest of the study group before and
following STEM-PBL education practices and academic achievement and STEM career interest (Table 2
and Table 3). Normality test was carried out to identify if the data were normally distributed. The
normality test results for each subscale are given in Table 3.

Table 3.
Normality Test.
Kolmogorov-Smirnov Shapiro-Wilk

Sub Factors Statistic df Sig. Statistic df Sig.
Science .08 18 .00 .97 18 .00
Mathematics 11 18 .00 .96 18 .00
Technology 11 18 .00 .97 18 .00
Engineering 12 18 .00 .93 18 .00

As seen in Table 3, the normality test results are not normally distributed according to the scores of
the four subscales of the scale (p<.05). In the case of p<.05, it is said that the relevant variable does not
come from the distribution. In this regard, non-parametric analyzes were used to analyze the data.

Development and Implementation Process of STEM-PBL Education

In the scope of the study, and for summarizing briefly the development process of STEM studies as
well, firstly furniture department teachers, students and the researcher decided together what sort of
subject of STEM-PBL education in the vocational development course at the environmental protection
theme would be given in the vocational high school furniture department. Particularly a topic that
students are likely to be interested in STEM-PBL education was considered. Educators state that projects
that attract the interest of the students make a difference in the motivation of the students in the
projects (Amir, 2014; Kangas, 2010; Meyer, 2012; Resnick, Berg & Eisenberg, 2000). As a result of the
brainstorming, a lesson plan was prepared for teaching.

Course: Career Development.

Course Title: Environmental Protection.

STEM Acquisition 1: Students recognize socio-economic importance of sustainable energy sources.
STEM Acquisition 2: Students integrate the information they learn into various situations.

STEM Acquisition 3: Students create a product including their own fields based on the information
that they learned about renewable energy sources.

Material: Designing of a windmill that generates electricity from wind energy, which is one of the
renewable energy sources, was decided. This planned study was carried out with non-top-level
materials. It is emphasized in the literature that high-level materials are not needed and STEM-PBL can
be implemented with simple tools and toys (Amir & Subramaniam, 2006; 2007; 2014; Subramaniam &
Ning, 2004; Zubrowski, 2002).

A study calendar was prepared for project-based education carried out within the lesson plan. Activities
to be carried out were transferred step-by-step to the project by clarifying division of labour in light of
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the created study calendar. Four different project groups were formed consisting of at least four
participants each randomly selected from the students during the schedule and the theme set STEM
implementation process. The following activities were carried out in the project groups:
1. STEM academic achievement test and STEM Career Interest Scale were administered to all
groups as pretest.
2. The students received preliminary renewable energy and system information from the
researcher and furniture teachers about the subject (Figure 1).

Figure 1. The students received preliminary information.

3. They conducted review of literature on the subject.

4. Materials were provided, informative presentations on STEM were given by the researcher
during the first week after the implementation of the pretest and homework related to renewable
energy resources was assigned to the participants.

5. During the second week, the participants were informed on renewable energy sources. The
socio-economic importance of such sources and how to make them available for daily usage were
discussed. There was a special focus on wind energy and STEM approach.

6. Following the two-week trainings, STEM-PBL studies were initiated by each group (Figure 2).

Figure 2. STEM project group works.

7. Studies continued under the guidance of researcher and teacher. The participants were assisted
when needed during this week. Within the scope of STEM-PBL education, the groups were told
about the technology of windmill, working principles of dynamo and generator, were informed
about renewable energy engineering and were asked to calculate the amount of electric current
obtained from a complete turn of windmill.

8. In Week 4, the presentations of the completed projects were conducted in the class (Figure 3).
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Figure 3. Project presentation.

9. In Week 5, post-tests were implemented and the investigation was completed (Figure 4).

Figure 4. STEM-PBL product.

Findings

In this section, the findings obtained for the purposes of the research and interpretations are reported.

Findings of the Study Group on Science and Technology Course Achievement Test Scores

In this section, means and standard deviations of the scores of the study group obtained from the
achievement test in the pretest and posttest are shown in Table 4.

Table 4.

Pretest and Posttest Mean and Standard Deviations of the Achievement Test of the Study Group.
N Mean Standard Deviation

Pretest 18 51.76 12.22

Posttest 18 62.23 17.84

There has been an increase in the achievement test mean scores of the students with STEM-PBL
practices (51.26 < 62.23). Wilcoxon signed-rank test results for pretest and posttest achievement scores
of the study group in which STEM practices applied are shown in Table 5.
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Table 5.

Wilcoxon Signed-Rank Test Results for the Study Group Pretest and Posttest Achievement Scores.
Pretest / Posttest N Mean Rank  Sum of Ranks n2 d z p
Positive Ranks 14 9.79 137 .07 .53 -2.25 .02*
Negative Ranks 4 8.50 34

Ties 0

*p<.05

As seen in Table 5, the difference between the pretest and posttest scores of the study group after
the practice seems to be significant and in favor of the posttest [z=1.92, p<.05, r|2= .07, d=.53]. When
the effect size (Cohen) of the application was considered, it is seen that Cohen’s d was d=.53 and eta-
squared was n2= .07. According to Cohen (1988), the values of d<.2 indicate small, the values of
.20<d<.80 indicate medium and the values of d>.80 indicate large effect size. The effect size indicates to
what extent independent variable or factor explains the total variance of the dependent variable and
ranges between .00 and 1.00. The values of r]2 at .01, .06, and .14 levels are interpreted as “small”,
“medium” and “large” impact sizes respectively (Blylikoztirk, 2008; Cohen, 1988; Pallant, 2005). In this
regard, it can be said that the STEM approach implemented in the study has a moderate effect.

Findings for STEM Career Interest Scale Scores of the Study Group

In this section, mean scores of the study group in the pretest and posttest are given for each
discipline conveyed in the STEM Career Interest Scale. Furthermore, the significance of each discipline
within the scale was examined by Wilcoxon Signed Rank Test.

Table 6.
Pretest and Posttest Mean Scores of STEM Career Interest Subscales.
Interest
N Science Technology Engineering Mathematics Grand Mean Score Mean
Pretest 18 35.22 37.77 32.16 24.77 124.50 3.11
Posttest 18 30.44 39.33 39.3 30.88 143.83 3.59

Table 6 summarizes pretest and posttest mean scores for STEM Career Interest Subscales. The
Career Interest Scale scores seem to have increased in favor of the posttest in all fields except science. It
can also be said that there has been an increase in favor of the posttest. As seen in table the STEM
Career Interest Scale mean score is 3.11 (124.50/40) before the STEM-PBL practice. In other words, the
interest is positive as the mean scores of the participants for the scale is above 2.60 (>2.60). The STEM
Career Interest Scale mean score is 3.59 (143.83/40) after the STEM-PBL practice. In other words, the
interest is positive as mean scores of the participants for the scale is above 2.60 (>2.60) and there has
been an increase compared to pretest scores.

As seen in Table 7, while no significance was found between four subscales of the STEM Career
Interest Scale in pretest and posttest results for science, mathematics and technology, significance
towards the engineering field was observed. When the effect size (Cohen) of the STEM approach on the
STEM disciplines is examined, it is seen that while Cohen’s d was d=.45, eta-squared was n2= .07 for
science, Cohen’s d was d=.19, eta-squared was n2= .07 for technology, Cohen’s d was d=.19, eta-
squared was n2= .08 for engineering, Cohen’s d was d=.43, eta-squared was n2= .06 and Cohen’s d was
d=.43, eta-squared was n2= .08 for the overall scale. In this case, the engineering discipline has the
highest Cohen effect among the STEM disciplines of the STEM approach with medium effect size (d=.47).
In addition, it can be said that the engineering discipline of the STEM approach has a large effect size
(n2=.08). The STEM approach has a medium effect on the overall scale (d=.43) and the effect size is
large (n2=.08).
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Table 7.
Wilcoxon Signed-Rank Test Results in The Pretest and Posttest Scores of STEM Career Interest Subscales
and STEM Career Interest Scale.

N Mean of Ranks  Sum of Ranks n2 d z o]
Science (Pretest Posttest)
Negative Rank 6 6.83 10 .08 45 -1.94 .05
Positive Rank 12 10.83 41
Ties
Technology
Negative Rank 6 9.83 59 .07 .19 -.82 .40
Positive Rank 12 8.55 94
Ties
Engineering
Negative Rank 4 9.50 38
Positive Rank 14 9.50 133 .08 A7 -2.00 .03*
Ties
Mathematics
Negative Rank 7 7.43 52 .06 34 -1.46 .14
Positive Rank 11 10.82 119
Ties
The Scale
Negative Rank 7 6.17 43 .08 43 -1.85 .06
Positive Rank 11 11.64 128
Ties
*p<.05

Discussion, Conclusion and Implications

In the study, the impacts of STEM-PBL education on achievements of 11th grade students at
vocational high school and STEM career interests were investigated. In this context, the following results
were achieved in light of the objectives of the research.

It is clear that STEM-PBL education significantly increases the academic achievement of vocational
high school students. It can be said that the STEM-PBL approach has a positive effect on the academic
achievement of the vocational high school students in the direction of the question of “Does project-
based STEM education have an impact on the academic achievement of vocational high school
students?" This result is consistent with the studies of Karagalli and Korur (2014); Lou, Tsai, Tseng and
Shih (2014); Rabitoy, Hoffman and Person (2015); Robinson, Dailey, Hughes and Cotabish (2014), in
which it was emphasized that STEM-PBL education increased the achievement of students. Studies that
indicate STEM-PBL, a new approach in education, increase the academic achievement. For instance, the
study results of Bennett, Lubben and Hogarth (2007); Bybee (2010); Ceylan (2014); Ceylan and Ozdilek
(2015); Irkigatal (2016); Means, Wang, Young, Peters and Lynch (2016); Yamak, Bulut and Diindar (2014);
Yildirinm and Altun (2015), are in parallel with the results of the present study. Conducting the STEM-PBL
education for vocational high school students, which indicates in line results with the study of Chang et
al. (2015), is the original and most important part of this study.

As for the second research question, “Does STEM-PBL has an impact on the STEM career interest of
vocational high school students”, it was observed that STEM-PBL led to an overall increase in the STEM
career interest of students and this increase realized significantly in the engineering field. Although
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there was an important increase in technology and mathematics fields, this increase was not significant.
There was a decrease in the STEM career interest of students in the science field and the least increase
was in the mathematics field within these career interests. Particularly, the increase in the technology
and engineering fields may be because they are intertwined with students’ branches. It can be said that
the low increase in mathematics may be caused by the fact that students generally have low interests
for mathematics and it is a lesson they do not like (Yavuz, Giilmez & Ozkaral, 2016; Yavuz Mumcu,
Mumcu & Cansiz Aktas, 2012). The decline in science discipline may be attributed to the fact that
students have not received any science courses at the 10th grade, thus, causing them to have less
awareness of the science field. However, it can be said that the STEM approach has a positive
contribution to students’ STEM career interests in general. In the literature, this finding is consistent
with the study of Reiss and Mujtaba (2017), in which they emphasize the importance of integrating
career education into STEM courses. Furthermore, Franz-Odendaal, Blotnicky, French and Joy (2016),
emphasize in their study that the participation of the students in STEM activities significantly and
positively influenced their attitudes towards STEM field careers, which supports the findings of our
study.

Performing the STEM-PBL education in the study as an experimental study with a control group
instead of a single group is believed to increase the scientific power of the study. Furthermore, instead
of the project-based learning method used in the study, STEM education can be carried out for
vocational high school students with different methods. In addition, the STEM-PBL education used in the
study can also be conducted for different target groups at different levels. In addition, instead of
vocational high school students in the 11th grade, study groups can be realized in future studies with
students at lower grades. Studies with students at lower grades to identify STEM career interests may
be more effective in leading them to the suitable professions. As Yildirim and Altun (2015) stated,
schools, especially vocational schools and other high schools, urgently need a curriculum focused on
STEM education. A STEM PBL-based curriculum specifically designed for the vocational high schools
would meet the demand for technical staff, engineers and science scientists with 21st century skills.
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Tiirkge Siiriim

Girig

Cagimizda bilim ve teknolojinin hizla gelismesiyle, 6grencilerin disiplinler arasi bir miifredattan daha
cok; gercek diinyadaki gorevleri yerine getirmesi, teori ile pratigin birlestirilmesi ve yaratici problem
¢6zme becerilerini gelistirmesi gerektigi yaygin bir sekilde bilinmektedir. Bu ihtiyaglara cevap olarak
STEM egitimi gelistirilmistir. STEM ( Science- Technology- Engineering- Mathematics) egitimi, gelecegin
yenilikgileri olacak 6grencilere yaratici problem ¢ézme tekniklerini benimseten entegre bir yaklasimdir
(Roberts, 2012). STEM egitimi 6grencilerin problemlere disiplinler arasi bakis agisiyla bakmasini, bilgi ve
beceri kazanmalarini hedefler (Sahin, Ayar & Adiglzel, 2014). STEM alanlari, ¢agdas diinyadaki ¢ok yonli
ve 6nemli mesleklerden bazilarini kapsamaktadir. Diinyayl yasamak icin daha iyi bir yer haline getiren
yeni gelismelerin ¢ogu STEM alanlarinin katkilarindan kaynaklanmaktadir (Hossain & Robinson, 2012).
Dinya teknolojik olarak gelistikge, bir Glkenin ekonomisinin, gliclinln ve liderliginin, etkili uygulamalara
ve STEM alanlarindaki vasifli is¢i potansiyeline bagh oldugu ortaya ¢cikmaktadir.

Bir llkede vasifli isgilerin vyetistirildigi en 6nemli egitim kurumlarinin basinda meslek liseleri
gelmektedir. Ulke kalkinmasinda énemli rol oynayan mesleki egitim kurumlarinin, toplumun ihtiyaci olan
say! ve nitelikte insan giici yetistirebilmesi icin egitimde verimliligin artirilmasi gerekmektedir (Erol,
2010). Bu baglamda meslek liselerinde gergeklestirilecek olan STEM egitimleri ¢ok 6nemli bir role
sahiptir. Genel olarak meslek lisesi 6grencilerinden, yalnizca kultlrel ve kisisel gelisimlerini destekleyen
egitimlerini tamamlamalari degil; bunun yani sira geleceklerini teminat altina almalari icin mesleki
egitimlerini en iyi seviyede tamamlamalari beklenmektedir (Eker, 2007). Meslek liseleri, STEM alanlari
gibi daha ¢ok beceri ve uygulama gerektiren dersler vasitasiyla, toplumun c¢alisan kesiminde ihtiyag
duyulan ara eleman ihtiyacini karsilayarak, égrencilerin erken yaslarda is deneyimi kazanmalarini ve is
hayatina atilmalarini amaglayan egitim kurumlaridir. Mesleki ve teknik egitim piyasanin gereklerine
yeterince karsilik veremiyorsa, bu kurumlardan ¢ikan bireyler piyasaya adapte olamiyorsa, kisinin ve de
tlkenin rekabet etme giicl zayiflar. Bu vaziyete engel olmanin yolu, mesleki ve teknik egitim kapsaminda
mesleklerin dogru bir sekilde analiz edilmesi, yeterliliklerin belirlenmesi, 6gretilecek olan igerigin ve bu
icerigin Ogretiminde kullanilacak yontem - tekniklerin ve degerlendirme araclarinin dogru sekilde
secilebilmesidir (Gomleksiz & Erten, 2010).

STEM egitimini, diger disiplin alanlarina kiyasla énemli ve segkin kilan 6zelliklerinden birisi de
uygulamal becerileri gelistirmesidir (Chang, Ku, Yu, Wu & Kuo 2015). Meslek liselerine entegre edilmis
bir STEM egitimi, nitelikli teknik insan yetistirmede hayati dneme sahiptir. igerisinde pratige dayali
uygulamalar iceren STEM alanlarini 6gretmede ise en uygun stratejilerin basinda proje tabanl 6grenme
(PJT) gelmektedir.

Literatiirde, PJT'yi, disiplinler arasi STEM konularini 6gretmek icin pedagojik bir cercevede ¢ok az bir
arastirma detayll olarak incelemistir. Aslinda, STEM 6gretim yaklasimlarinda savunulan 6grenme
deneyimlerinden ¢ogu, PJT'nin temel prensiplerine benzemektedir (Siew, Amir & Chong, 2015). Proje
tabanli STEM egitimi (STEM-PJT) hem zorlayici hem de motive edicidir. STEM-PJT egitimi, 6grencilerin
kompleks problemleri gzmelerine destek olan bir ydontemdir. Yine 6grencilerin elestirel, analitik ve daha
ist dizey dusinme becerilerini gelistirmelerini saglar. STEM-PJT, tim ogrencilere titizlik katarken,
isbirligini, akran iletisimini, problem ¢6zmeyi ve kendi kendine 6grenmeyi miumkin kilar (Capraro,
Capraro & Morgan, 2013). Bu baglamda STEM-PJT’ nin, meslek liseleri egitiminde kullanilabilecek
miikemmel bir ara¢ oldugu soéylenebilir.
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STEM-PJT Egitiminin Akademik Basariya Etkisi

PJT'nin oldukg¢a uzun bir geg¢misi vardir. Bu yaklasim filozof ve egitimci John Dewey tarafindan
okullara resmen tanitilmis, ardindan Kilpatrick, bu yaklagimin yayilmasina katkida bulunmustur (Warin,
Talbi, Kolski & Hoogstoel, 2016). Son yillarda birgok baglamda birbirini tamamlayici 6zellige sahip olan
PJT ve STEM egitiminin birlikte yeni bir yaklasim olarak kullanildigi gorilmektedir. STEM potansiyel
olarak yeni ve egitici olan, gli¢li bir yontemdir. Dizgln bir sekilde uygulandiginda, 6grencilerimizin
diinyayi nasil gormesi gerektigi konusunda ve sorunlari ¢éziime ulastirma noktasinda onlarda biyik
farklar yaratabilir (Korganci et al. 2016). STEM-PJT egitimi ile ilgili olusturulan bir 6grenme ortami ise
STEM alanlarindaki 6nemli kavramlarin karmasikligini ¢ézmek icin 6nemlidir (Hickey, 2014). Yine bu
ortamdaki 6gretmenler, kuglk gruplardaki ogrencilere belirli bir soruna yonelik cesitli ¢ézimler
gelistirmelerine, isbirligine dayali 6grenmeyi tegvik etmelerine, elestirel diisiinme ve iletisim becerilerini
giclendirmelerine yardimci olabilir (Hickey, 2014). Literatiir, fen temelli oyuncaklari tasarlamak ve
yapmak yoluyla uygulanacak STEM-PJT egitiminin, 6grencilere bilimi 6gretmesi ve 6grencilerde bilim
o6grenmeye yonelik heyecan ve motivasyon yaratmasi icin faydali bir pedagoji olabilecegini dnermektedir
(Siew, Amir & Chong, 2015). Bununla birlikte, 6gretmenlerin fen 6gretiminde STEM-PJT egitiminin
uygulanmasi ve uygulama hakkinda arastirma ihtiyaglarini belirten STEM-PJT egitimleri okullar igin hentiz
gelistirilmemistir. Yapilan bazi arastirmalarda, kavramlari konuyla bitiunlestiren STEM —PJT'nin konulari,
ogrencilerin gergek diinyadaki problemleri ¢ézmek igin bilgi ve becerilerini aktarmasina imkan
saglamistir (Fortus et al. 2005). Bu, birgok durumda Ust diizey matematiksel problem ¢o6zebilmeyi ve
bilimsel siire¢ becerilerinde puanlarin yikselmesini saglamistir (Satchwell & Loepp, 2002 ).

Alanyazin incelendiginde, STEM-PJT egitimi ile ilgili az da olsa, daha spesifik ¢alismalarin bulundugu
gorulmektedir (Lou, Tsai, Tseng & Shih, 2014). STEM-PJT'nin gesitli yeteneklerin gelistirilmesine katkida
bulundugu, liseli kiz 6grenciler i¢in STEM bilgi entegrasyonu sagladig ve proje temelli etkinliklerde hayal
guclini arttirabildigi tespit edilmistir.

STEM Egitiminin Mesleki ilgiye Etkisi

STEM egitiminin 6nemli oldugunu disinen egitimciler, 6grencilerin okullarda bilim ve matematik
egitimine teknoloji ve mihendislik kavramlarini eklemesinin sonucu olarak, STEM egitiminde ve
kariyerlerinde yiksek performans géstermeleri gerektigini savunmaktadir (Brown, Brown, Reardon &
Merrill, 2011).

Dort disiplini iginde barindiran STEM egitimi, bu alanlarin icerdigi kariyer mesleklerine yonelik ilgiyi
articl dzellige sahiptir. Ozellikle mihendislik ve egitim siireglerinin kombinasyonuyla, bu alanlardaki
kariyer tercihlerine talebi artirabilmesinin yaninda, STEM alanlarindaki becerilerini gelistirmeleri igin
yetenekli dgrencilerin erken yaslarda fark edilmesini de saglar (Koyunlu Unlii, Dékme & Unlii, 2016).
STEM egitimleri, ilkokul diizeyinde ilgili faaliyetlerde bulunan 6grencilerin heyecanini artirir, fen ve
matematik derslerinde kendine glivenmelerini ve kendi kendilerine yetebilmelerini saglar; ayni zamanda
bu derslerdeki c¢ikarlarini da yikseltir (Dejarnette, 2012). Bu istek ve heyecanin STEM egitimlerinin
verildigi her sinif diizeyinde olusmasi muhtemeldir.

Alanyazin incelendiginde 6zellikle bilim ve egitim kurumlari, STEM kariyerlerine olan ilginin ortaokul
doneminde gelismeye baslamasini 6nermektedir (Kier, Blanchard, Osborne & Albert, 2014). Bu
baglamda 6grencilerin STEM kariyerlerine ilgilerinin daha kigulk yaslardan baslanarak tespit edilmesi
olduk¢a 6nemlidir. Bu gorisiin yaninda lise ve dengi okullarda 6grenim goérmekte olan 6grencilerin
branslasma o6ncesinde veya sonrasinda da STEM Kkariyerlerinin tespit edilip 6grencilere gerekli
rehberligin yapilmasi da 6nem arz etmektedir. Literatiirde yer alan ¢alismalar, bu gorisi desteklemekte
ve ayni zamanda ilkokuldan lise son sinifa kadar STEM ilgi alanlarinda genel bir disis oldugunu
belgelemektedir (VanLeuvan 2004; Wells, Sanchez & Attridge, 2007). Ancak Universiteye girmeden 6nce
ogrencilerin, STEM konularina ya da kariyerlere olan ilgisinin degisip degismedigini (ve ¢ogunlukla
geriledigini) gbsteren ¢ok az g¢alisma bulunmaktadir (Fouad, Smith & Enoch, 1997; VanlLeuvan 2004).
Temel prensibi meslek edindirme olan meslek liselerindeki 6grencilerin STEM kariyerlerinin tespiti bu
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baglamda oldukca 6nemlidir. Ozellikle, STEM rol modellerini iceren miidahaleler, égrencilerin katilimini
arttirmada ve STEM'le 6grencilerin orta ve Ust diizey seviyedeki dogru algilamalarini olusturmada
oldukga etkili bulunmustur (Ashby Plant et al. 2009; Stout et al. 2011; Zeldin, Britner & Pajares, 2008).
Birgok arastirmaci, 6grencilerin STEM kariyerlerine hazirlikli olmalari igin bilim insanlarinin karsilastig
disiplinler arasi, tanimlanmamis problemleri yansitan pedagojik uygulamalara katilmalari gerektigini de
savunmaktadir (Anderson 2007; Clark & Ernst 2007; Marshall, Horton & Austin-Wade, 2007; Paige, Lloyd
& Chartres, 2008; Park-Rogers, Volkmann, & Abell, 2007). Dahasi, 6grencilerin motivasyonunu
destekleyen etkinliklerin, 6grenciler arasinda matematik ve fen bilimlerinin asil degerinin anlasildigini ve
bir STEM kariyer secimi olasiligini artirdigini géstermektedir.

Literatlirden de goriilecegi lUzere PJT uygulamalarinin, 6zellikle meslek lisesi 6grencilerine yonelik
olarak yapildigi calisma yok denecek kadar azdir. Ayni zamanda STEM-PJT uygulamalarinin meslek lisesi
ogrencilerin akademik basarilarina etkisini veya STEM kariyer alanlarina olan ilgisine etkisini konu olan
calismaya rastlanmamistir.  Bu baglamda c¢alismanin amacini, meslek liselerinde STEM-PJT
uygulamalarinin 6grenci basarisini ne derecede etkiledigi ve bu uygulamalarin STEM kariyer alanlarina
etkisinin ne oldugu olusturmustur.

Yontem

Bu arastirmada, STEM egitiminin meslek lisesi 11. sinif 6grencilerinin akademik basarilarina ve STEM
mesleklerine yonelik ilgilerine etkisini tespit etmek amaciyla, deneme 6ncesi modellerden tek grup 6n
test - son test deseni kullanilmistir. Bu modelde seckisizlik ve eslestirme bulunmamaktadir. Modelin
simgesel gorinimi asagidaki gibidir ( Buyukoztiirk, Kilig-Cakmak, Akgiin, Karadeniz & Demirel, 2008):

Grup On test islem Son test
G 01 X 02

G, islem yapilan grubu; 01, deney grubundan alinan 6n 6l¢imi; X, deneysel islemi; O2 ise deney
grubundan alinan son 6lcimi géstermektedir (Bliylikoztirk et al. 2008).

Calisma Grubu

Arastirmadaki calisma grubu Karaman ili Merkez Mesleki ve Teknik Lisesi’nden dahil olmustur.
Merkez Mesleki ve Teknik Lise ilin en biylk liselerinden biri olmasi ve ayrica STEM alanlarina uygun bir
cok programi biinyesinden barindirmasindan dolayi tercih edilmistir. Ozellikle ahsap teknolojileri bélimii
STEM etkinliklerinin gergeklestirilmesi icin elverisli atdlye ve techizata sahip bolimlerden birisi
olmasindan dolayi calisma alani agisindan caziptir. Calisma grubu olarak 11. siniflarin tercih edilme
sebebi ise 6grencilerde branslasmanin yerlesmeye basladigi ve mesleki tercihlerin sekillenmeye basladigi
bir donem olmasi ¢alisma grubunun sekillenmesinde etkileyici olmustur. Bu baglamda 2016-2017 egitim
- 0gretim yilinin ilk déneminde Merkez Mesleki ve Teknik Lisesinin tek 11. siniflari olan ve 18 erkek
o6grenciden olusan mobilya bolimi 6grencileri ¢alisma grubunu olusturmustur. Katiimcilar arastirmaya
gonilla olarak dahil olmuglardir.

Arastirma Sorulari
Calisma kapsaminda asagidaki sorulara cevap aranmistir;

1) STEM-PJT egitiminin, meslek lisesi 6grencilerinin akademik basarilarina etkisi var midir?
2) STEM-PIT egitiminin, meslek lisesi 6grencilerinin STEM mesleklerine yonelik ilgisine etkisi var midir?

Veri Toplama Araglari

Arastirmada 2 ¢esit veri toplama araci kullanilmistir. Bunlardan biri arastirmaci tarafindan gelistirilen
“STEM Basari Testi”, ikincisi ise Kier vd. (2014) tarafindan gelistirilen; Koyunlu Unli vd. (2016) tarafindan
Tiirkceye uyarlanan “STEM Mesleki ilgi Olcegi”dir.
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STEM Basari Testi’nin gelistirilmesi: Arastirmada sirdirilebilir enerji kaynaklarinin sosyo-ekonomik
acidan 6nemi konusu ile ilgili basari testi hazirlanmistir. Olusturulan soru havuzundan segilen 20 soru
fen, teknoloji, miihendislik ve matematik alanlarini igermekte olup 4 bélimden olugmustur. STEM
kapsaminda yer alan fen ve matematik derslerinin sinif diizeyine uygunlugu dikkate alinarak sorular
gelistirilmistir. Hazirlanan basari testi, alaninda uzman 2 akademisyen, 2 uzman fen bilimleri, 1
matematik ve 1 mobilya 6gretmeni tarafindan degerlendirilmistir. Ogrencilerin seviyesine uygun
olmayan ve anlasilir olmayan 3 soru testten atilmistir. Sorular hazirlanirken Bloom taksonomisi dikkate
alinmis ve belirtke tablosu hazirlanmistir. Sorularin dagihmi Tablo 1’ de gosterildigi sekildedir.

Tablo 1.
Basari Testi Soru Belirtke Tablosu.

Bloom Taksonomisine Gore Kazanimlarin Dagilimi

Q

£

o 2 g

£ § . N 8

= g S = i) o

) > o0 © c b0

Kazanim P 8 = & 3 8
Yenilenebilir enerji kaynaklarinin 3,4,10 1,11,12 6,9,15 8,13,16 7,14 2,17

sosyo- ekonomik agidan 6nemi

ilk etapta 17 soru olarak hazirlanan test, 151 &grenciye pilot olarak uygulanmis, ardindan madde
glvenirligi ve gecerligi test edilmis, SPSS 16.0 paket programi yardimiyla i¢ tutarliigi hesaplanmis;
madde ayirt etme glicii .30‘un altinda olan 3. ve 17. sorular testten gikarilip test 15 soruya indirilmistir.
Testin KR 20 givenirlik katsayisi .60 iken testin madde gigliik indeksi .57, madde ayirt ediciligi ise .49
olarak bulunmustur. Kehoe (1995), 50’ye kadar maddeden olusan goktan se¢meli testler icin KR-20
guvenirlik katsayisinin .50; 50 maddenin Uzerindeki testler igin bu katsayinin .80 olmasi gerektigini
belirtmistir (Akt.Tan, Kayabasi & Erdogan, 2002). Bir maddenin gligliik diizeyinin .30 ile .80 arasinda
olmasl, yani testi yapanlarin % 30.00-80.00i tarafindan dogru cevaplandiriimasi gerekmektedir (Tan,
2006).

STEM Mesleki ilgi Olgegi: Arastirmada &grencilerin STEM alanlarina olan mesleki ilgilerini 6lgmek
amaciyla STEM Mesleki ilgi Olgegi uygulanmistir. Kier ve digerleri, (2014) tarafindan gelistirilen ve
Koyunlu Unli vd. (2016) tarafindan Tiirkge’ye adapte edilen 5’li Likert tarzinda 40 maddeden olusan
dlgek uygulanmistir. Olgek icin yeniden gegerlik ve giivenirlik calismalari yapilmistir. Hesaplamalar icin
SPSS 16.0 programi kullanilmistir. Olcek 165 meslek lisesi dgrencisine uygulanmistir. Olgegin Kaiser-
Meyer-Olkin (KMO) degeri.86, Barlett Testi anlamlilik degeri ise .00 oldugu tespit edilmistir. Olgegin
tamaminin varyansin %59.00’unu agiklayan 4 faktore sahip oldugu bulunmustur. Bu alt faktorler fen,
teknoloji, miihendislik ve matematik alanlaridir. Olgegin fen alt boyutu icin giivenirlik katsayi (Cronbach
alpha degeri) a= .90, teknoloji alt boyutu icin a= .89, mihendislik alt boyutu igin a= .92 ve matematik alt
boyutu igin a= .90 olarak hesaplanmistir. Olcegin genel icin o = .92 olarak tespit edilmistir. Olgek igin
gerekli izinler alinmistir. Olcek, calisma grubuna arastirma 6ncesinde ve sonrasinda uygulanmistir.
Olgekteki olumlu maddeler “Kesinlikle Katiliyorum” kategorisinden baslayarak sirayla 5, 4, 3, 2, 1 olarak,
olumsuz maddeler ise “Kesinlikle Katilmiyorum” kategorisinden baslayarak 5, 4, 3, 2, 1 olarak
puanlanmistir. Olcekteki yer alan puanlar, 1.00 ile 5.00 arasinda olmasindan dolayi, elde edilen puanlar
5.00’e yaklastikga tutum diizeyinin yiksek, 1.00’e yaklastik¢a ise diisiik oldugu kabul edilmistir. Herhangi
bir katilimci tarafindan isaretlenen ciimlelerin madde puanlarinin toplamini, isaretlenen ciimle sayisina
bolerek elde edilecek olan puan, 6grencilerin STEM mesleklerine yonelik ilgileri hakkinda arastirmacilara
fikir verebilecektir (Turgut & Baykul, 1992). Dolayisiyla STEM mesleklerine yénelik ilgi 6lceginden 2.60
puan altinda alinan puan olumsuz ilgiye, 2.60 ve Ustlinde alinan puan ise pozitif ilgiye isaret etmektedir
(Tablo 2).
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Tablo 2.

Olcek Maddeleri ile Puan Araliklari.
Likert Maddeler Puan Puan Araligi
Kesinlikle Katiliyorum 5.00 4.20-5.00
Katiliyorum 4.00 3.40-4.19
Kararsizim 3.00 2.60-3.39
Katilmiyorum 2.00 1.80-2.59
Kesinlikle Katilmiyorum 1.00 1.00-1.79

(Oztaban & Satici, 2015)

Dolayisiyla STEM mesleklerine yonelik ilgi 6lceginden 2.60 puan altinda alinan puan olumsuz ilgiye,
2.60 ve Ustlinde alinan puan ise pozitif ilgiye isaret etmektedir.

Verilerin Analizi

Calisma grubunun, STEM-PJT egitimi uygulamasindan 6nceki akademik basarilari ve STEM mesleki
ilgileri ile STEM-PJT uygulamasi sonrasi elde edilen akademik basarilari ve STEM mesleki ilgileri arasinda
anlamli bir farkin olup olmadigini belirleyecek iliskili 6lglimler igin Wilcoxon isaretli Siralar Testi ile
anlamhlik diizeylerine, standart sapmalarina ve ortalamalarina bakilmistir (Tablo 2 ve Tablo 3). Verilerin
oncelikle normal dagilip dagilmadigini belirlemek icin normallik testi uygulanmistir. Her bir alt boyut igin
normallik testi sonuclari Tablo 3’te verilmistir.

Tablo 3.
Normallik Testi.
Kolmogorov-Smirnov Shapiro-Wilk

Alt Boyutlar Statistic df Sig. Statistic df Sig.
Fen .08 18 .00 .97 18 .00
Matematik A1 18 .00 .96 18 .00
Teknoloji A1 18 .00 .97 18 .00
Muhendislik 12 18 .00 .93 18 .00

Tablo 3 incelendiginde, 6lgegin dort alt boyutun puanlarina gére normallik testi sonuglarinin normal
dagilm gostermedigi gorilmektedir (p<.05). p<.05 olmasi durumunda ise ilgili degiskenin normal
dagilmdan gelmedigi soylenir. Bu baglamda o6lgegin analizinde parametre disi (non-parametric)
analizlerin kullanilmasina karar verilmistir.

STEM-PJT Egitimlerinin Gelisim Siireci ve Uygulanmasi: Calisma kapsaminda, STEM galismalarinin
asamalarini kisaca Ozetleyecek olursak; oncelikle STEM-PJT, meslek lisesi mobilya bolimiinde, mesleki
gelisim dersinin ¢evre koruma temasinda hangi konuda verilecegine mobilya bolimi 6gretmenleri,
dgrenciler ve arastirmaci birlikte karar vermislerdir. Ozellikle 6grencilerin ilgisini cekecegi diisiiniilen bir
konu ile ilgili STEM-PJT egitimi yapilmasina karar verilmistir. Egitimciler, 6grencilerin ilgisini ¢eken
projelerin, Ogrencilerin projelerdeki motivasyonunda fark yarattigini belirtmistir (Amir, 2014;
Kangas, 2010; Meyer, 2012; Resnick, Berg & Eisenberg, 2000). Yapilan beyin firtinasi sonucunda
verilecek egitime iliskin bir ders plani olusturulmustur:

Dersin Adi: Mesleki Gelisim Dersi
Dersin Konusu: Cevre Koruma

STEM Kazanim 1: Surdurilebilir enerji kaynaklarinin sosyo ekonomik agidan 6nemini kavrar.
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STEM Kazanim 2: Ogrenciler, 6grendikleri bilgileri verilen gesitli durumlara entegre eder.

STEM Kazanim 3: Yenilenebilir enerji kaynaklariyla ilgili 6grendigi bilgilerden yola ¢ikarak kendi
alanini da kapsayan bir Griin meydana getirir.

Materyal: Yenilenebilir enerji kaynaklarindan biri olan riizgar enerjisinden, elektrik Gretebilen bir yel
degirmeni tasarimina karar verilmistir. Yapiimasi planlanan bu galisma Ust diizey materyaller olmayan
arag - gereglerle gergeklestirilmistir. Literatlire bakildiginda STEM-PJT igin Ust dlizey materyallere ihtiyag
olmadigi, STEM-PJT nin basit arag-gereclerle ve oyuncaklarla gergeklestirilebilecegi vurgulanmaktadir
(Amir & Subramaniam, 2006; 2007; 2014; Subramaniam & Ning, 2004; Zubrowski, 2002).

Olusturulan ders plani kapsaminda yapilacak proje tabanli egitim ile ilgili bir calisma takvimi
olusturulmustur. Hazirlanan takvimin dogrultusunda yapilacak etkinlikler ve is paylasimlari netlestirilerek
adim adim projeye gegilmistir. Konusu ve zamanlamasi hesaplanan STEM uygulama siirecinde
ogrencilerden, rastgele secilen en az 4 kisiden olusan, 4 farkli proje grubu olusturulmustur. Proje
gruplarinda su faaliyetler gergeklestirilmistir:

1. STEM akademik basari testi ve STEM Mesleki ilgi Olcegi 6n test olarak biitiin gruplara
uygulanmistir.
2. Konu ile ilgili arastirmacidan ve mobilya 6gretmenlerinden 6n bilgi almislardir (Sekil 1).

-7

Sekil 1. Ogrenciler &n bilgiler alirken.

3. Konu ile ilgili literatlir taramasi yapmislardir.

4. Malzemeler temin edilmis, 1. hafta arastirmaci tarafindan yapilan 6n test uygulamalarindan sonra
STEM ile ilgili bilgilendirme sunumlari yapilmis ve katilimcilara cesitli gérevler verilmistir.

5. 2. hafta yenilenebilir enerji kaynaklari hakkinda bilgilendirme yapiimistir. Bu bilgilendirmede
yenilenebilir enerji kaynaklarinin sosyo ekonomik agidan onemi ve bu kaynaklarin ginlik
yasantimizda kullanilabilir hale getirilmesinde 6zellikle -riizgar enerijisi- STEM yaklasiminin 6nemine
vurgu yapilmistir.

6. 2. Hafta bilgilendirmeden sonra STEM-PJT calismalarina her bir grup kendi masalarinda
baslamislardir (Sekil 2).

7. 3. hafta arastirmaci ve 6gretmen rehberliginde ¢alismalar devam etmis zaman zaman konu ile ilgili
yer yer hatirlatmalar yapilmistir. Gruplara STEM-PJT egitimi kapsaminda riizgar giillerinin teknolojisi
anlatilmis, dinamo ve jeneratoriin ¢alisma prensiplerinden bahsedilmis, yenilenebilir enerji
miihendisligi hakkinda bilgilendiriimelerde bulunulmus ve riizgar gllliinliin bir tam dénmesinden
elde edilecek elektrik akim miktarinin hesaplamalari kavratiimistir.
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Sekil 2. STEM proje gruplari galisirken.

8. 4. Hafta tamamlanan projelerin sinifta sunumlari yapilmistir (Sekil 3).

Sekil 3. Proje Girinin sunumu.

9. 5.hafta son testler uygulanmis ve calisma sonuglandiriimistir (Sekil 4).

R LAY VI
et

Sekil 4. Proje Tabanh STEM drind.
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Bulgular

Bu bélimde, galismanin amaglari dogrultusunda elde edilen bulgulara ve yorumlara yer verilmistir.

Calisma Grubunun Basan Testi Puanlarina iliskin Bulgular

Bu bolimde ¢alisma grubunun uygulama 6ncesi ve sonrasinda basari testinden aldiklari puanlarin
ortalamalari ve standart sapmalari Tablo 4’te gosterilmistir.

Tablo 4.
Calisma Grubunun Basari Testi, On Test- Son Test Ortalama ve Standart Sapmalari.
N Ortalama Standart Sapma
On Test 18 51.76 12.22
Son Test 18 62.23 17.84

STEM-PJT uygulamasi sonucunda ogrencilerin basari testlerinin puan ortalamalarinda yiikselme
meydana gelmistir (51.76 < 62.23). STEM-PJT uygulamasinin gergeklestirildigi ¢alisma grubunun on test -
son test basari puanlarina iliskin Wilcoxon isaretli siralar testinin degerleri Tablo 5’ te gosterilmistir.

Tablo 5.

Calisma Grubu On-Test ve Son-Test Basari Puanlarina iliskin Wilcoxon isaretli Siralar Testi Sonuglari.
On test - Son test N Sira Ortalamalari  Sira Toplamlarn n2 d z p
Pozitif Sira 14 9.79 137 07 53 -225 .02*
Negatif Sira 4 8.50 34
Esit 0

*p<.05

Tablo 5’te ¢alisma grubu 6grencilerinin uygulama sonrasinda 6n-test ve son-test puanlari arasindaki
farkin son test lehine anlamh oldugu gorilmektedir [z=2.25, p<.05 , n2= .71, d= .53]. Uygulamanin etki
degerine (Cohen) bakildiginda d=.53 iken eta karesinin n’= .07 oldugu gériilmektedir. Cohen’e (1988)
gore d<.20 degerleri kigik, .20<d<.80 degerleri orta ve d>.80 degerleri ise bliyik etki boyutunu ortaya
koymaktadir. Etki bUyiklGgi bagimsiz degiskenin ya da faktoriin bagimh degiskendeki toplam varyansin
ne kadarini acgikladigini gosterir ve .00 ile 1.00 arasinda degisir. .01, .06, .14 diizeyindeki r]2 degerleri
siraslyla “kuclk”, “orta” ve “genis” etki blylklGgl olarak yorumlanir (Cohen, 1988; Pallant, 2005,
Blylkozturk, 2008). Buradan c¢alismada uygulanan STEM yaklasiminin orta dizeyde bir etkiye sahip
oldugu soylenebilir.

Calisma Grubunun STEM Mesleki ilgi Ol¢egi Tutum Puanlarina iliskin Bulgular

Bu bolimde c¢alisma grubuna, 6n-test ve son-test seklinde uygulanan STEM mesleki ilgi Olgegini
olusturan her bir disiplin i¢in aldiklari puanlarin ortalamalari verilmistir. Yine 6lcek icindeki her bir
disiplinin kendi icindeki anlamliliklarina Wilcoxon isaretli siralar testi ile bakilmistir (Tablo 6).

Tablo 6.
STEM Mesleki ilgi Olcedi Béliimlerinin On-Test ve Son-Test Puan Ortalamalari.
Genel ilgi Puan
N Fen Teknoloji Mihendislik Matematik Ortalama Ortalamasi
On Test 18 35.22 37.77 32.16 24.77 124.50 3.11
Son Test 18 30.44 39.33 39.3 30.88 143.83 3.59

Tablo 6’da STEM mesleki ilgi 6lgegini olusturan alanlarin 6n test-son test puan ortalamalar
verilmistir. Mesleki ilgi testinin, fen alani haricindeki diger alanlarda son test lehine bir artis gosterdigi
gorilmektedir. Genel ortalamaya bakildiginda da son test lehine artis oldugu soylenebilir. Tablodan
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gorildugu Gzere STEM-PJT uygulama oncesi STEM kariyer ilgi 6lcegi puan ortalamasi 3.11°dir (124.50 /
40). Yani o6lcegin geneline yonelik katilimcilarin puan ortalamasi >2.60 oldugu igin ilgi olumlu yéndedir.
STEM-PJT uygulama sonrasi STEM kariyer ilgi 6lgegi puan ortalamasi 3.59’dur (143.83 / 40). Yani 6lgegin
geneline yonelik katilimcilarin puan ortalamasi >2.60 oldugu igin ilgi olumlu yonde olup 6n teste gore
artis olmustur.

Tablo 7.
STEM Mesleki ilgi Olgegi Alanlar ve Genel Bazda On-Test ve Son-Test Puanlarina lliskin Wilcoxon isaretli
Siralar Testi Sonuglari.

N Sira Ortalamasi SiraToplami  n2 d z p
Fen (On-Son Test)
Negatif Sira 6 6.83 10 .08 .45 -1.94 .05
Pozitif Sira 12 10.83 41
Esit
Teknoloji
Negatif Sira 6 9.83 59 .07 .19 -.82 .40
Pozitif Sira 12 8.55 94
Esit
Miihendislik
Negatif Sira 4 9.50 38 .08 .47  -2.00 .03*
Pozitif Sira 14 9.50 133
Esit
Matematik
Negatif Sira 7 7.43 52 .06 34 -1.46 .14
Pozitif Sira 11 10.82 119
Esit
Olgek Geneli
Negatif Sira 7 6.17 43 .08 .43 -1.85 .06
Pozitif Sira 11 11.64 128
Esit
*p<.05

Tablo 7’de gorildigiu tzere STEM Mesleki ilgi Olgeginin 4 bolimi arasinda dn-test ve son-test
uygulamalari sonucu fen, matematik ve teknoloji alanlarina yonelik anlamhlik bulunamazken,
mihendislik alanina yoénelik anlamlilk bulunmustur. STEM yaklasiminin STEM disiplinlerine olan etki
degerine (Cohen) bakildiginda fen igin d=.45 iken eta karesi n2= .07, teknoloji disiplini icin d=.19 iken eta
karesi n2= .07, mihendislik disiplini icin d=.47 iken eta karesi r]2= .08, matematik disiplini i¢cin d=.30 iken
eta karesi r]2= .06 ve olcegin geneli icin d=.43 iken eta karesi r]2= .08, oldugu goérilmektedir. Buradan
STEM yaklasiminin STEM disiplinleri icerisinden en Cohen etki degeri en yiiksek olan mihendislik disiplini
olup orta seviyede etki blytkligine sahiptir (d=.47). Yine STEM yaklasiminin miihendislik disiplininde
genis bir etki biylkligiune sahip oldugu séylenebilir(n2= .08) Olgegin genelinde ise STEM yaklasimi orta
seviyede bir etkiye sahip(d=.43) ve etki buyiklugi genigtir(n2= .08).

Tartisma, Sonug ve Oneriler

Calismada STEM-PJT egitimi uygulamasinin meslek lisesi 9. sinif 6grencilerinin akademik basarilarina
ve STEM alani mesleki ilgilerine etkisi arastirilmistir. Bu kapsamda, arastirmanin amaglari 1siginda su
sonuglara ulasiimistir:
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Arastirma kapsaminda aranan “STEM-PJT egitiminin meslek lisesi 6grencilerinin akademik
basarilarina etkisi var midir?” sorusu dogrultusunda, yapilan g¢alisma ile STEM-PJT yaklasimin meslek
lisesi 6grencilerinin akademik basarilarina pozitif yonde etkisinin oldugu sdylenebilir. Bu sonug Karagalli
ve Korur (2014); Lou, Tsai, Tseng ve Shih (2014); Rabitoy, Hoffman ve Person’in (2015) ve Robinson,
Dailey, Hughes ve Cotabish (2014) yaptiklari calismalarda, STEM-PJT’ nin 6grencilerin akademik basarisini
arttirdigi sonucu ile ortismektedir. Calismada, egitimde kullanilan yeni bir trend olan STEM-PJT
uygulamasinin, alanyazinda STEM-PJT'nin akademik basariyi arttirdigi sonucu ile paralellik gosteren
bircok calismayla karsilasmak miimkiindiir (Bennett, Lubben & Hogarth, 2007; Bybee, 2010; Ceylan,
2014; Ceylan & Ozdilek, 2015; Irkicatal, 2016; Means, Wang, Young, Peters & Lynch, 2016; Yamak, Bulut
& Diindar, 2014; Yildinnm & Altun, 2015). Bu galismayi 6zglin kilan ve en énemli kisim olan husus, meslek
lisesi 6grencilerine yonelik STEM-PJT calismasi alanyazinda Chang vd.’in (2015) yaptiklari ¢alisma ile de
ortlisen sonuglara sahip olmasidir.

Arastirma kapsaminda aranan STEM-PJT egitiminin meslek lisesi 6grencilerinin STEM mesleklerine
yonelik ilgisine etkisi var midir?” sorusu dogrultusunda, gergeklestirilen ¢alismanin sonucunda STEM-PJT
calismasi ile 6grencilerin STEM alani kariyerlerine yonelik ilgilerinde genel bir artisa neden oldugu, bu
artisin 6zellikle mihendislik alaninda anlamli derecede gergeklestigi, teknoloji ve matematik alanlarinda
onemli sayilabilecek artis gozlense de anlamli diizeyde olmadigi, fen alaninda ise azalmanin meydana
geldigi, bu mesleki ilgi alanlar igerisinde ise en az artisin matematik alaninda oldugu saptanmistir.
Ozellikle teknoloji ve miihendislik alanindaki artisin &grencilerin branslar ile i¢c ice olmasindan
kaynaklanabilecegi dlstntlmektedir. Matematikteki artisin az olmasi ise 6grencilerin genel olarak
matematige olan ilgilerinin disik oldugu ve sevmedikleri bir ders olmasindan kaynaklandigi séylenebilir
(Yavuz, Giilmez & Ozkaral, 2016; Yavuz Mumcu, Mumcu & Cansiz Aktas, 2012). Fen disiplinindeki diisis
ise 10. siniftan itibaren fen derslerine iliskin herhangi bir egitim almamis olmalarina, dolayisiyla fen
alanindan uzaklagmalarina neden olmasina baglanabilir. Ancak gergeklestirilen STEM yaklasiminin genel
olarak mesleki STEM kariyerlerine pozitif yonde katkisinin oldugu sdylenebilir. Alanyazinda Reiss ve
Mujtaba (2017) STEM derslerine kariyer egitiminin entegre edilmesinin 6nemini vurguladiklari
calismanin sonucu ile ortismektedir. Yine Franz-Odendaal, Blotnicky, French ve Joy (2016) yaptiklari
calismada, 6grencilerin STEM faaliyetlerine katilimlarinin, STEM alani kariyerlerine ilgilerini pozitif yonde
oldukga etkiledigini vurgulamislaridir. Bu arastirmanin sonucu da c¢alismamizda ulastigimiz tespitleri
destekler niteliktedir.

Calismada gergeklestirilen STEM-PJT calismasinin, tek gruplu yerine kontrol gruplu deneysel bir
calisma seklinde gergeklestiriimesi, galismanin bilimsel giicini artiracaktir. Yine galismada kullanilan
proje tabanli 6grenme yontemi yerine farkli yontemlerle STEM egitimi, meslek lisesi 6grencilerine
yonelik gerceklestirilebilir. Ayrica ¢alismada kullanilan STEM-PJT egitimi, farkli seviyedeki farkli hedef
gruplarina yonelik de gerceklestirilebilir. Calisma grubu olarak meslek lisesi 11. sinif 6grencilerinin
verine, ileride vyapilacak c¢alismalarda, daha alt siniflardaki 0Ogrencilerle de c¢alisma grubu
gerceklestirilebilir. Alt siniflardaki 6grencilerin, STEM mesleki ilgilerinin tespitine yonelik calismalar
ogrencilerin mesleklerini segmede ve onlari dogru mesleklere yonlendirmede daha etkili olabilir. Yildirim
ve Altun’un (2015) belirttigi gibi okullarimizin 6zellikle meslek liseleri ve diger liselerimizin STEM egitimi
odakli bir 6gretim programina acilen ihtiyaci bulunmaktadir. Buna yonelik ¢alismalara hiz verilmeli,
ozellikle meslek liselerine 6zgi hazirlanacak STEM-PJT tabanli bir 6gretim programi, 21. yy. becerilerine
sahip teknik elemanlarin, mihendislerin ve fen bilimcilerinin yetismesini saglayacaktir.
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