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Abstract: The aim of this study is to determine the effects of STEM
activities carried out with the flipped learning model within the
scope of science class on the scientific creativity, perceptions about
STEM, and attitudes towards STEM of 4th grade primary school
students and to reveal students’ opinions about the learning pro-
cess. The sample of this study consisted of 57 fourth grade students
attending a public primary school in a city center in the Eastern
Black Sea region in the spring semester of the 2021-2022 academic
year. Mixed method was used in the study. Quasi-experimental
method with experimental and control groups was used in the quan-
titative dimension of the study, and case study was used in the qual-
itative dimension. In the study, data were collected using the “Sci-
entific Creativity Scale”, “STEM Attitude Scale”, “STEM Percep-
tion Test” and a “semi-structured interview form” developed by the
researcher. SPSS 21 package program was used to analyze the col-
lected quantitative data and content analysis was used to analyze
the qualitative data. The quantitative results of the study revealed
that STEM activities conducted with the Flipped Learning Model
had a positive effect on students’ scientific creativity levels and
STEM perceptions, but had no effect on their attitudes towards
STEM. The qualitative results of the study revealed that students
mostly found the activities useful, instructive and fun. In line with
the results obtained from the study, the use of STEM activities sup-
ported by the Flipped Learning model is recommended at all levels
of education.
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Introduction

develops and changes rapidly and where accessing, disseminating and

learning information has become more comfortable. This technological
age we are in is witnessing races between countries in the shadow of advanc-
ing technological developments. Economic success, technological develop-
ment and education policies can be given as examples of these races
(Yildirim and Selvi, 2017).

Many published reports emphasize that societies will need individu-
als who can keep pace with change, contribute to the needs of the age, think
creatively, have the ability to innovate and have multiple disciplines (Na-
tional Academy of Engineering [NAE] & National Research Council [NRC],
2009; NRC, 2012; Next Generations Science Standards [NGGS], 2013). The
transformation from science education to STEM education started in the
United States of America and continues in some European countries and the
studies are increasing rapidly. STEM education has become an integral part
of 21st century learning programs (Honey, Pearson & Schweingruber, 2014;
NAE & NRC, 2009; NRC, 2014). As science and technology progress in the
world, the value of STEM education will become more important (Holdren,
Lander, & Varmus, 2010).

In Turkey, the Science Curriculum revised in 2013 emphasized the
need for STEM integration in learning environments (Ministry of National
Education [MoNE], 2013). MoNE also included the engineering discipline in
the science curriculum (MoNE, 2017). STEM education aims to enable
learning by doing, researching and questioning in the fields of Science,
Technology, Engineering and Mathematics, as well as creating an original
product. Therefore, by understanding not only how to learn but also how to
use knowledge, students will contribute to scientific and technological de-
velopments in countries and thus to economic development (Gonzalez &
Kuenzi, 2012; Yildirnm & Altun, 2015; Bybee, 2010; Brenner, 2009; Na-
tional Research Council [NRC], 2011; Scott, 2009; West, 2012). In this way,
with an interdisciplinary education approach, students can associate and use
the concepts and skills of many disciplines in school with their own life
problems, and at the same time, effective teaching can occur (Bybee, 2016).
A proper STEM education in accordance with the rules of its implementation
improves students’ abilities such as understanding the working methods of
tools and equipment and using technology effectively (Bybee, 2010).

We observe that certain problems arise during the implementation of
the STEM education approach. The intensity of the existing curriculum dur-
ing the implementation of STEM education (Akin, 2019; Kdoken, 2020),
situations where the class size is too crowded (K&ken, 2020), the time allo-
cated for the implementation is not enough (Ozan, 2019; Sen, 2019; Tomag,

I T is not wrong to call the 21st century the age of technology, where it
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2019; Yazici, 2019), communication-related problems between student
groups during teamwork (Dogan, Savran-Gencer, & Bilen, 2017; Sen, 2019;
Yazict, 2019) can be given as examples of these problems. The problems
mentioned and the difficulties caused by these problems indicate that STEM
education cannot be implemented efficiently enough in learning environ-
ments. In this case, in order to implement STEM education effectively, there
Is a need for new teaching environments that will increase the effectiveness
of face-to-face education in learning environments with the support of tech-
nology. Within the scope of these goals, one of the models discussed and
studied to be developed is the flipped learning model.

The flipped learning model, which emerged by blending the strengths
of face-to-face and distance learning, is an approach that utilizes the advan-
tages of both learning environments (Unsal, 2018). In other words, it is the
combination of face-to-face education in the classroom with the learning ac-
tivity that the student carries out outside the classroom with various online
tools, where he/she can adjust the time, place and pace according to his/her
needs (Staker & Horn 2012). That is; the student benefits from the advan-
tages of both technology-supported learning environments and face-to-face
instruction. When foreign studies on the flipped instruction model are inves-
tigated, we see that the concept is defined as “inverted classroom” (Bates &
Galloway, 2012; Gannod, Burge, & Helmick, 2008; Lage et al., 2000; Morin,
Kecshemety, Harper, & Clingan, 2013; Strayer, 2012, Talbert, 2012) or
“flipped classroom” (Bergmann & Sams, 2012; Bishop & Verleger, 2013;
Butt, 2014, Enfield, 2013; Hertz, 2012; Milman, 2012).

The concept of flipped learning is considered as a model where learn-
ing is performed by students at home with their own means, and homework
practices, which are traditionally given by the teacher to be done at home,
are done in the classroom environment (Bergmann & Sams, 2012). In the
flipped learning approach, which can be briefly defined as a lesson at home
and homework at school, resources are provided to the learner so that learn-
ing can take place in an individual environment. These resources are various
multimedia tools such as videos, slide shows, texts related to the subject.
Thus, in the time saved from direct teaching in the classroom, a more effec-
tive learning can be provided to the student in the classroom environment. In
this context, it is a fact that the process of learning the preliminary theoreti-
cal knowledge required for STEM education will be realized in the out-of-
school learning environment, and time will be saved in teaching by having
only STEM applications in the classroom. McLean et. al. (2016), in their
work, students reported that with the flipped approach they developed inde-
pendent learning strategies, spent more time on the task, and engaged in deep
and active learning.

Flipped learning is considered to be a useful model because it allows
students to experience their learning. In flipped learning, students can access
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the topics required for the course at any time according to their learning time.
In this way, students have the opportunity to re-access and learn the lessons
they cannot reach or watch with the necessary materials (video, presentation,
online tool, etc.). Likewise, the teacher can determine the individual needs of
the students with the tools used by technology and respond appropriately in
the classroom environment (Hertz, 2012). Thus, in STEM education, in and
out of the classroom, the research dimension and the elimination of prior
knowledge deficiencies are provided by flipped learning.

According to Bergmann and Sams (2012), flipped learning is not
only about the use of online tools, but also about interactive activities during
the lesson. Today, STEM education, which is applied in educational envi-
ronments where the student is at the center and technology is used effec-
tively, can be considered as an example of educational models that cause
educational systems to change, just like flipped learning. In the same way,
the flipped learning model and STEM education can be said to overlap in
terms of targeting high-level learning skills, using technology in the process,
giving great importance to the use of technology, and activating the student
in the process (Sdir, 2020). Considering these issues, we believe that the
STEM activities carried out with the Flipped Learning Model in the content
of this study will support the development of students.

At the same time, the effects of the flipped learning model on
achievement, motivation, self-efficacy, self-directed learning, cognitive load,
computer thinking, risk taking and retention were examined and the model
was examined in terms of student views (Arshad & Imran, 2013; Berret,
2012; Boyraz, 2014; Demirlay & Karatas, 2014; Johnson & Renner, 2012;
Sezer, 2015; Sever, 2014; Yesterbasky, 2015).

While there are scientific studies on the Flipped Learning model
(Serefli, 2020; Yu, 2022; Unlii, 2022) and STEM activities (Park & Ko,
2012; Kyere, 2017) separately in the literature, there are few studies investi-
gating the effect of the Flipped Learning model and STEM activity applica-
tions together (Sondiir, 2020; Coskun, 2021; Birgin, 2022; Ramirez,
Hinojosa & Rodr fuez, 2014). When the studies are examined, we see that
the studies on the flipped classroom model are mostly on foreign languages
and computers, and there are very few studies on its use in science classs. In
addition, there were no studies on scientific creativity in the studies using the
flipped classroom model. Likewise, in the studies on the flipped classroom
model and STEM education approach, there was no study on primary school
4th grade students. Considering these issues, we believe that this study will
contribute to the literature in this respect.

In addition, there are very few studies in the literature measuring the
effects of the Flipped Learning model on scientific creativity (Harjono, et. al.
2022; Ariani, et. al. 2022). The studies conducted on the flipped learning
model mostly investigated the effect of the flipped learning model on aca-
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demic achievement (Given-Demir, 2018; Ok, 2019; Kocak, 2019; Serefli,
2020; Tekin, 2020; Demir, 2020; Unlttirk, 2022).This study aims to exam-
ine the effect of STEM activities carried out with the Flipped Learning
Model on the learning products of Primary School 4th grade students. The
fact that there is no such study in terms of the content study group and the
method tools used within the scope of the study increases the importance of
this study in terms of contributing to the literature. Clark (2013) and Coufal
(2014) found it wrong to use the flipped learning model only in the educa-
tional life of university students and to conduct research only at this level.
The most important factor that reveals the originality of this study is that the
study was conducted with students at the primary school level (4th grade)
and is an experimental study, aiming to find solutions to the current educa-
tional problems and problems in the process of more effective implementa-
tion of STEM education.

Study Questions

The aim of this study is to determine the effects of STEM activities carried
out with the flipped learning model within the scope of science class on the
scientific creativity, attitudes towards STEM and perceptions about STEM of
4th grade primary school students and to reveal the students’ opinions about
the learning process. The questions of the research are as follows:

i. Is there a significant difference between the mean pre-test and post-test
scores of the students in the experimental group on the Scientific Crea-
tivity Scale?

ii. Is there a significant difference between the mean pre-test and post-test
scores of the students in the control group on the Scientific Creativity
Scale?

iii. Is there a significant difference between the mean post-test scores of the
students in the experimental group and the students in the control group
on the Scientific Creativity Scale?

iv. Is there a significant difference between the STEM Attitude Scale pre-
test-post-test mean scores of the students in the experimental group?

v. Is there a significant difference between the STEM Attitude Scale pre-
test-post-test mean scores of the students in the control group?

vi. Is there a significant difference between the mean STEM Attitude post-
test scores of the students in the experimental group and the students in
the control group?

vii. Is there a significant difference between the mean STEM Perception
pre-test and post-test scores of the students in the experimental group?
viii. Is there a significant difference between the STEM Perception pre-test-

post-test mean scores of the students in the control group?
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iIX. Is there a significant difference between the mean STEM Perception
post-test scores of the students in the experimental group and the stu-
dents in the control group?

X.  What are the opinions of the students in the experimental group about
the STEM activities carried out with the Flipped Learning Model before
the implementation?

xi.  What are the opinions of the students in the experimental group about
the Flipped Learning Model and the STEM activities carried out after
the implementation?

The Aim of the Study

The aim of this study is to determine the effects of STEM activities carried
out with the flipped learning model within the scope of the 4th grade science
class on the scientific creativity, perceptions about STEM and attitudes to-
wards STEM of 4th grade elementary school students and to reveal student
views on the learning process.

Materials and Methods
The Model of the Study

This study utilized a mixed method. Qualitative and quantitative data were
collected together within the scope of the aims and sub-objectives of the
study. The mixed design is based on the belief that using quantitative or
qualitative analysis results alone from the statistical data obtained by the re-
searcher is not sufficient to reflect the problems of the research, while com-
bining statistical trends (quantitative data) with stories and personal experi-
ences (qualitative data) is necessary to better understand the research prob-
lem (Creswell & Scxbilir, 2017). In the quantitative dimension of the study,
the quasi-experimental method with experimental and control groups was
used, and in the qualitative dimension, the case study method was used.

Population and Sample

The sample of this study consisted of 57 fourth grade students attending a
public primary school in a city center in the Eastern Black Sea region in the
spring semester of the 2021-2022 academic year. The sample was selected
by convenience sampling method. Two 4th graders were selected as experi-
mental and control groups. In this context, the frequency values of the sam-
ple are given in Table 1.
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Table 1. Frequency Values Of The Students In The Experimental and Control
Groups.

Groups Gender f %
Experimental Male 17 61
Female 11 39
Total 28 100
Control Male 13 45
Female 16 55
Total 29 100
Total Male 30 53
Female 27 47
Total 57 100

Data Collection Tools

In this study, quantitative data were collected with the Scientific Creativity
Scale, STEM Perception Scale, STEM Attitude Scale and qualitative data
were collected with a semi-structured interview form developed by the re-
searcher.

Quantitative Data Collection Tools

® Scientific Creativity Scale

In this study, the Scientific Creativity Scale, which was developed by Hu and
Adey (2002) and adapted into Turkish by Denis-Celiker and Balim (2012) as
a quantitative data collection tool to determine the scientific creativity levels
of the students, was applied to the experimental and control groups as pre-
test and post-test. The Cronbach Alpha reliability coefficient of the meas-
urement tool, which consists of seven open-ended questions, is 0.86.

Reliability calculations of the scale were made by the researcher in
terms of internal consistency. For the scoring of the Scientific Creativity
Scale, the researcher who adapted the scale was contacted and permission
was obtained. Afterwards, the scoring of the scale was carried out in accor-
dance with the determined stages. Total scores were calculated for seven
items of the Scientific Creativity Scale. The Cronbach alpha internal consis-
tency coefficient of the scale was found to be 0.82. A positive and high item-
total correlation indicates that the items exemplify similar characteristics and
the internal consistency of the test is high (BUytk&etirk, 2008).

® STEM Perception Test
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This study used the STEM Perception Test adapted into Turkish by GUhan
(2016) to determine students’ perception levels towards STEM. This test is
of the type of “Osgood type emotional meaning scale” (in other words, se-
mantic differences test) and was developed to measure what a situation
means to an individual. This test also has a scale type that is simple in terms
of ease of application to all age groups and economical in terms of time
(Tavsancil, 2014). The STEM Perception Test consists of 5 sections with
sub-headings as science-technology-engineering-mathematics-career. In the
test, for each sub-heading and section (science-technology-engineering-
mathematics-career), there are 5 adjectives with opposite meanings and 5
more adjectives that are differentiated in terms of opposition. There are 7
different possibilities between the two opposites. These options are listed in
a graded format. The students are asked to choose the adjective with the
closest meaning to their current emotional state and check the box symboliz-
ing closeness to the chosen adjective.

Reliability calculations of the scale were made by the researcher in
terms of internal consistency. The Cronbach a reliability coefficient calcu-
lated for the reliability of the scores obtained with the STEM Perception
Scale used in the study was o = 0.92.

® STEM Attitude Test

The study aims to determine students’ attitudes towards STEM in terms of
different variables, and the data related to this issue were obtained using the
STEM Attitude Scale developed by Faber, Wiebe, Corn, Townsend, and
Collins (2013) and adapted into Turkish by Ozyurt, Kayiran, & Basaran
(2018). The scale is a 5-point Likert-type scale consisting of 37 items and
four subscales: math, science, engineering, and 21st century skills; and the
construct validity of the rating scale was tested using confirmatory factor
analysis by the researchers who adapted it into Turkish.

The reliability calculations of the scale were also made by the re-
searcher in terms of internal consistency. The Cronbach a reliability coeffi-
cient calculated for the reliability of the scores obtained from the STEM At-
titude Scale used in the research was found to be 0=0.95.

Qualitative Data Collection Tools

Semi-Structured Interview Form

In the study, a semi-structured interview form was used as a qualitative data
collection tool. For this method, which was preferred in order to obtain more
comparative results, the researcher conducted the necessary research based
on the information in the literature and prepared semi-structured interview
questions to be applied as a pre-test consisting of 10 questions and post-test
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semi-structured interview questions consisting of 12 questions within the
scope of the research scales. In the preparation process of the interview ques-
tions prepared by the researcher, attention was paid to criteria such as the
question structures being simple and clear, not directing the respondent to
different dimensions, being in a dimension to cover the criteria whose effect
is measured within the scope of the research, and being at a level that stu-
dents at the 4th grade level can understand (Bogdan & Biklen, 1992; cited in
Yilmaz & Altinkurt, 2011). In order to check the extent to which the pre-
pared semi-structured interview form would help the purpose of the study, its
simplicity and applicability, an expert in the field and a classroom teacher
were consulted in line with these issues. In line with the feedback received,
the interview form was finalized and validity was ensured.

Implementation Process of the Study

The necessary permissions were obtained from the Ministry of National
Education in order to carry out the activity implementations in the school
where the research would be conducted and the studies were started to be
carried out in the school mentioned for the implementation.

The study was conducted in a primary school in a provincial center in
the Eastern Black Sea Region in the spring semester of the 2021-2022 aca-
demic year. In the first week of the study, experimental (f:25) and control
(f:29) groups were determined and pre-tests were administered to both
groups. The study groups (experimental and control groups) were adminis-
tered the Scientific Creativity Scale, Attitude towards STEM Scale and Per-
ception towards STEM Scale as pre-test and post-test. At the same time, fo-
cus group interviews were conducted with 8 students selected from the ex-
perimental group students before and after the application.

Before starting the implementation in the experimental group, the
groups were formed by the classroom teacher to be heterogeneous. In the
experimental group of 28 students, 2 were mainstreaming students.1 student
could not attend the lessons regularly due to various health reasons. For this
reason, 25 students actively participated in the application in the experimen-
tal group. In line with the opinions of the classroom teacher, the class was
divided into 4 different heterogeneous groups, 3 groups consisting of 6 stu-
dents and 1 group consisting of 7 students.

In the applications, science discipline was centered and integrated
with other STEM disciplines, including at least one other discipline (mathe-
matics, social sciences, Turkish, etc.).

Experimental Group Implementation Process

The study covered a 5-week period and before this process, students were
given brief information about the flipped teaching model and STEM educa-
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tion approach and the implementation process was mentioned. At the same
time, a meeting was held with the parents of the students in the experimental
group in the presence of the class teacher and the activity implementation
process was mentioned. In particular, the importance of the support that the
parents will give to the students for the out-of-class applications of the
flipped teaching model was mentioned. The main purpose here is to provide
students and parents with general information about the flipped teaching
model and STEM education before the study.

STEM activities were implemented in the experimental group for 5
weeks, 3-4 hours a week. Five different STEM activities prepared by the re-
searcher were applied to the students for a total of 18 hours. The activities
were prepared by the researcher taking into account the achievements speci-
fied in the 4th grade education curriculum of the Ministry of National Educa-
tion.

In the out-of-class activities of the flipped learning model, students
used EBA. In addition to lectures, animations and activities, students also
watched presentations, documents and videos prepared by the researcher and
previously uploaded to EBA (STEM technology dimension). Whether the
students did the out-of-class activities was checked both from EBA data and
from the students at the beginning of the lesson (5 minutes) with a question-
answer activity. Thus, it was tried to prevent situations such as whether out-
of-class applications were done or not. In addition, the first 5-10 minutes of
the application lessons in the experimental group were spent in a mini ques-
tion-answer round to check the readiness of the students and to go over the
parts they could not fully understand. The students imagined their designs in
line with the STEM activity problems given to them, and noted the problems
that might occur in the design and their ideas on how the problems could be
solved (STEM engineering dimension). Students calculated the dimensions
of their imagined designs and how much of which material they would use
(STEM mathematics dimension). The activities were planned based on the
science class outcomes. As a subject, students were encouraged to make pre-
dictions and inferences about science concepts and to associate these con-
cepts with daily life (STEM science dimension).

Control Group Implementation Process

In the control group, teaching was carried out by the classroom teacher
within the scope of the Science class curriculum, using the textbooks of the
Ministry of National Education and the smart board as teaching materials. In
the control group classes, the researcher attended the lessons as an observer.
Lecture, question and answer, brainstorming, demonstration, etc. were gen-
erally used as teaching methods in the learning environment, while the ac-
tivities in the textbook were also utilized. In addition, class discussions were
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held in order to better teach the subject in the classroom environment and the
evaluation questions in the textbooks were answered. The researcher ob-
served that the control group did not include flipped teaching and STEM ac-
tivities.

Collection of the Data

“STEM Attitude Scale”, “STEM Perception Scale” and “Scientific Creativ-
ity Scale” were applied to the control and experimental groups as pre-test
before the teaching process of the related units started. At the end of the
teaching process, the “STEM Attitude Scale”, “STEM Perception Scale” and
“Scientific Creativity Scale” were reapplied to the experimental and control
groups as a post-test.

In order to obtain more detailed data about the learning processes de-
signed within the scope of the study and to understand the experiences of the
students, qualitative data were collected through semi-structured interview
forms and focus group interviews before and after the implementation. Face-
to-face interviews were conducted with the students. The interviews lasted
25-30 minutes. Open-ended interview questions were asked to the children
by the researcher and the answers were recorded by voice recording. The
researcher told the participants about the importance of their answers in
terms of the validity and reliability of the study and asked them to show the
necessary sensitivity. No guidance was given during the interview. After-
wards, the audio recordings were transcribed and analyzed by the researcher.

STEM Activities Preparation Process

Before determining the STEM activities, a literature review was conducted
to investigate which subjects were studied in the 4th grade science class.
Within the framework of the 4th grade science education program, 5 weeks
were planned for 5 activities. These activities consisted of the following con-
tents:

Activity 1: “sound insulated house design”. This activity was created with
the “sound pollution” content of the “Lighting and Sound Tech-
nologies” unit. However, the activity that requires reducing
sound pollution was prepared to cover science, engineering and
mathematics disciplines.

Activity 2: “economical irrigation system”. This activity was organized tak-
ing into account the issue of economical use of resources. Within
the scope of designing an irrigation system, it is aimed for stu-
dents to blend science, mathematics, engineering, and technology
disciplines.
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Activity 3: “I recycle my water design”. This activity was organized to em-
phasize the importance of recycling the resources necessary for
life. In this context, it was aimed for students to design creative
recycling materials with household waste.

Activity 4: “lighting tool design . This activity was organized to emphasize
the importance of recycling the resources necessary for life. In
this context, it was aimed for students to design creative recycling
materials with household waste.

Activity 5: “designing appropriate lighting ”. This activity was designed for
students to set up a working electrical circuit and learn that the
switches and cables in the school are circuit elements.

For each of the prepared and selected activities, an activity sheet was
prepared to support the learning environment based on the STEM education
approach. The activity sheets included sections such as the approach to the
emergence of the problem, the outcome-oriented problem, the rules deter-
mined within the scope of the problem scenario, the selection of the materi-
als and the reasons for the selection, and drawing the sketches of the design.
In the experimental groups, theoretical information was presented to the stu-
dents with the help of instructional technologies and EBA contents outside
the classroom environment within the framework of the flipped learning
model. Video teaching materials were determined by taking into account the
achievements of the relevant units within the framework of the current cur-
riculum. The prepared activities, activity sheets and out-of-class teaching
materials were examined by the class teacher of the experimental group, a
science teacher and an expert in the field of science education and reorgan-
ized in line with the suggestions. Before the application, the students in the
experimental groups were determined to have the internet, tools and equip-
ment necessary for them to access out-of-class teaching materials and EBA
content. In addition, it was also checked by the classroom teacher whether
the students regularly watched the EBA content.

Analysis of the Data

Analysis of the Quantitative Data:

In the study, t-test for Dependent Samples, t-test for Independent Samples,
Wilcoxon signed-rank test, Mann-Whitney U test, Shapiro-Wilk test were
used to analyze the data. In examinations using the entire study group, the
Kolmogorov-Smirnov test was used when the number of individuals was
greater than 30. In examining whether the scale/test scores showed a signifi-
cant difference according to the group (experimental-control group) of the
students, Independent Samples t-test from parametric tests and Mann-
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Whitney U test from nonparametric tests were used (BUytkéxtirk, Cokluk,
& Kkl 2014). Statistical Package for Social Sciences (SPSS), version 21.0
computer package program for Windows was used for statistical analysis of
the research data.

Analysis of the Qualitative Data

Regarding the tenth question of the study, the opinions of the students in the
experimental group about the activity set applications developed within the
scope of the Flipped Learning Model and STEM before and after the appli-
cation process were analyzed through content analysis. The reliability of the
qualitative data was analyzed by the researcher and then the opinion of an
expert who has a PhD in statistics was taken.

Codes and themes were created by the researcher. These codes and
themes were checked by an expert in the field of statistics and an expert in
the field of science to ensure inter-rater reliability. The data obtained were
explained statistically in tables using frequency (f). Due to the ethics of the
research, the students were given codes as S1, S2, S3....

RESULTS
Quantitative Results:

Findings Related to the Effect of STEM Activity Set on
Students’ Scientific Creativity Levels

Regarding the first question in the study, it was examined whether there was
a significant difference between the pre-test and post-test mean scores of the
students in the experimental group in the Scientific Creativity Scale. For the
analysis of the data, the parametric test assumptions were checked first. In
order for the scores of the control group obtained from the Scientific Creativ-
ity Scale to be suitable for parametric testing techniques, they must first meet
the assumption of normal distribution. The results of the Shapiro-Wilk nor-
mality test for the distribution of the pre-test and post-test scores of the stu-
dents in the experimental group from the Scientific Creativity Scale are
given in Table 2.

According to the results of the Shapiro-Wilk Test, it is seen that the
score distributions for both the pre-test and post-test do not differ from the
normal distribution since the p significance level of the statistical values of
the total scores obtained from the scale is greater than 0.05. Accordingly, it
was decided that parametric tests could be used for the total scores of the
Scientific Creativity Scale (Field, 2009). Accordingly, the t-test for Depend-
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Table 2. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the Scientific Creativity Scale of the Students in
the Experimental Group.

Shapiro-Wilk Test

Statistics SD p
Pre-test Scientific Creativity 0.979 25 0.866
Post-Test Scientific Creativity 0.926 25 0.071

Table 3. Dependent Samples t Test Results for the Comparison of the Mean

Scores of the Experimental Group Students' Scientific Creativity Scale Pre-
Test and Post-Test Scores.

Group n Mean Ss Mean Difference t SD p
Pre-test 25 39.08 12.52 -10.60 -4.471 24 0.000
Post-Test 25 49.68 12.86

Table 4. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the Scientific Creativity Scale of the Students in
the Control Group.

Shapiro-Wilk Test

Statistics SD p
Pre-test Scientific Creativity 0.972 29 0.625
Post-Test Scientific Creativity 0.971 29 0.594

Table 5. Dependent Samples t Test Results for the Comparison of the Pre-

Test and Post-Test Scores of the Scientific Creativity Scale of the Students in
the Control Group.

Group n Mean Ss Mean Difference t SD p
Pre-test 29 35.52 19.21 0.17 0.055 28 0.956
Post-Test 29 35.34 17.78
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ent Samples was used to examine whether there was a significant difference
between the mean scores of the students in the experimental group in the
pre-test and post-test of the Scientific Creativity Scale. The results obtained
are given in Table 3.

When Table 3 is examined, it is seen that there is a significant differ-
ence between the total scores of the students in the experimental group from
the Scientific Creativity Scale pre-test and the total scores from the post-test
(t=-4,471, p < 0.05). When the results are examined, it is seen that the dif-
ference is in favor of the post-tests. Accordingly, the mean of the post-test
scores of the Scientific Creativity Scale (mean = 49.68) is significantly
higher than the mean of the pre-test scores (mean = 39.08).

Regarding the second question of the study, it was examined whether
there was a significant difference between the pre-test and post-test mean
scores of the students in the control group on the Scientific Creativity Scale.
For the analysis of the data, the parametric test assumptions were checked
first. In order for the scores obtained from the Scientific Creativity Scale to
be suitable for parametric testing techniques, they must first meet the as-
sumption of normal distribution. The results of the Shapiro-Wilk normality
test for the distribution of the pre-test and post-test scores of the students in
the control group from the Scientific Creativity Scale are given in Table 4.

According to the results of the Shapiro-Wilk Test, the p significance
level of the statistical values related to the total scores of the control group
obtained from the scale is greater than 0.05, which indicates that the score
distributions for both the pre-test and post-test are normally distributed. Ac-
cordingly, the t-test for Dependent Samples was used to examine whether
there was a significant difference between the pre-test and post-test mean
scores of the students in the control group. The results obtained are given in
Table 5.

When Table 5 is examined, it is seen that there is no significant dif-
ference between the total scores of the students in the control group from the
Scientific Creativity Scale pre-test and the total scores from the post-test (t =
0.055, p > 0.05). Accordingly, it was determined that the mean of the post-
test scores of the Scientific Creativity Scale (mean = 35.34) was lower than
the mean of the pre-test scores (mean = 35.52), but this difference was not
significant.

Regarding the third question in the study, it was examined whether
there was a significant difference between the mean post-test scores of the
students in the experimental group and the mean post-test scores of the stu-
dents in the control group in the Scientific Creativity Scale. For the analysis
of the data, the parametric test assumptions were checked first. In order for
the post-test scores obtained from the Scientific Creativity Scale to be suit-
able for parametric test techniques, they must first meet the assumption of
normal distribution. The results of the Kolmogorov-Smirnov normality test
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Table 6. Kolmogorov-Smirnov Test Results Regarding the Normality of the

Score Distributions of the Students in the Study Group Obtained from the
Scientific Creativity Scale.

Kolmogorov-Smirnov Test
Statistics SD p
Post-Test Scientific Creativity 0.052 54 0.200

Table 7. Independent Samples t Test Results for the Comparison of the

Posttest Mean Scores of the Scientific Creativity Scale of the Students in the
Experimental and Control Groups.

Group n Mean Ss Mean Difference t SD p
Experimental 25 49.68 12.86 14.34 3.344 52 0.002
Control 29 35.34 17.78

Table 8. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the STEM Attitude Scale of the Students in the
Experimental Group.

Shapiro-Wilk Test

Statistics SD p
Pre-test Mathematics 0.966 25 0.547
Science 0.937 25 0.125
Engineering and Technology 0.946 25 0.202
21st Century Skills 0.949 25 0.242
Total 0.957 25 0.365
Post-Test Mathematics 0.964 25 0.492
Science 0.896 25 0.015
Engineering and Technology 0.840 25 0.001
21st Century Skills 0.901 25 0.020
Total 0.903 25 0.021

for the distribution of the post-test scores of all students in the study group
are given in Table 6.

According to the results of the Kolmogorov-Smirnov Test, since the
p significance level of the statistical values related to the total scores is
greater than 0.05, it is seen that the score distributions related to the post-test
are suitable for normal distribution. In this direction, t-test for Independent
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Samples was used to examine whether there was a significant difference be-
tween the mean scores of the post-test of the Scientific Creativity Scale of
the experimental group and the mean scores of the post-test of the control
Scientific Creativity Scale. The results obtained are given in Table 7.

When Table 7 is examined, it is seen that there is a significant differ-
ence between the total scores of the students in the experimental group from
the Scientific Creativity Scale post-test and the total scores of the students in
the control group from the post-test (t = 3.344, p < 0.05). Accordingly, it was
determined that the mean of the post-test scores of the students in the ex-
perimental group (mean = 49.68) was higher than the mean of the post-test
scores of the control group (mean = 35.34) and this difference was signifi-
cantly differentiated in favor of the experimental group. According to this
result, when the post-test scores obtained as a result of the process applied to
the experimental group are examined and compared with the post-test scores
of the control group, it can be said that the process has a positive effect on
the students’ Scientific Creativity levels.

Findings Regarding the Effect of STEM Activity Set on
Students’ Attitude Levels towards STEM

Regarding the fourth question in the study, it was examined whether there
was a significant difference between the STEM Attitude Scale pre-test and
post-test mean scores of the students in the experimental group. For the
analysis of the data, firstly, the parametric test assumptions were checked. In
order for the scores obtained from the STEM Attitude Scale to be suitable
for parametric testing techniques, they must first meet the assumption of
normal distribution. The results of the Shapiro-Wilk normality test for the
distribution of the pre-test and post-test scores of the students in the experi-
mental group are given in Table 8.

When Table 8 is examined, according to the results of the Shapiro-
Wilk Test, it is seen that the score distributions for both the pre-test and post-
test differ from the normal distribution since the p significance level of the
statistical values for all sub-dimensions and total scores is not greater than
0.05. In this direction, Wilcoxon signed-rank test was used to examine
whether there was a significant difference between the STEM Attitude Scale
pre-test and post-test mean scores of the students in the experimental group.
The results obtained are given in Table 9.

When Table 9 is examined, it is seen that there is a significant differ-
ence between the total scores of the students in the experimental group from
the STEM Attitude Scale pre-test and the total scores from the post-test (z =
-2.195, p < 0.05). When the results are examined, it is seen that the differ-
ence is in favor of positive ranks, that is, post-tests. Accordingly, the mean
of STEM Aittitude Scale post-test scores (mean = 144.24) is significantly
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Table 9. Wilcoxon Signed-Ranks Test Results for Comparison of STEM

Attitude Scale Pre-Test and Post-Test Scores of Students in the Experimental
Group.

Post-Test-Pre-

test n Rank Average Rank Total z p
Mathematics Negative 14 130.21 1850.00 -0.606 0.544
Positive 11 120.73 1400.00
Equal 0
Total 25
Science Negative 6 120.75 760.50 -10.065 0.287
Positive 14 90.54 1330.50
Equal 5
Total 25
Engineering Negative 6 120.08 720.50 -20.215 0.027
‘?'gghnology Positive 18 12064 2270.50
Equal 1
Total 25
21st Century Negative 5 150.30 760.50 -10.872 0.061
Skills Positive 18 110.08 1990.50
Equal 2
Total 25
Total Negative 8 100.13 810.00 -20.195 0.028
Positive 17 140.35 2440.00
Equal 0
Total 25

Table 10. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the STEM Attitude Scale of the Students in the
Control Group.

Shapiro-Wilk Test

Statistics SD p
Pre-test Mathematics 0.898 29 0.009
Science 0.962 29 0.368
Engineering and Technology 0.960 29 0.332
21st Century Skills 0.946 29 0.148
Total 0.981 29 0.858
Post-Test Mathematics 0.948 29 0.161
Science 0.957 29 0.283
Engineering and Technology 0.964 29 0.419
21st Century Skills 0.900 29 0.010
Total 0.974 29 0.658
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Table 11. Wilcoxon Signed-Ranks Test Results for Comparison of STEM

Attitude Scale Pre-Test and Post-Test Scores of Students in the Control
Group.

Post-Test-Pre-test  n Rank Average Rank Total z p
Mathematics Negative 11 14091 1640.00 -0.602 0.547
Positive 16 130.38 2140.00
Equal 2
Total 29
Science Negative 9 80.28 740.50 -30.096 0.002
Positive 20  180.03 3600.50
Equal 0
Total 29
Engineering Negative 12 90.29 1110.50 -10.629 0.103
?’;‘ihnology Positive 14 17011 2390.50
Equal 3
Total 29
21st Century Negative 10 130.65 1360.50 -10.517 0.129
Skills Positive 18 140.97 2690.50
Equal 1
Total 29
Total Negative 10 12055 1250.50 -10.990 0.057
Positive 19 160.29 3090.50
Equal 0
Total 29

higher than the mean of pre-test scores (mean = 135.80). Similarly, there is a
significant difference between the pre-test and post-test scores of the stu-
dents in the experimental group regarding the Engineering and Technology
sub-dimension of the STEM Attitude Scale (z = -2.215, p < 0.05). When the
results are examined, it is seen that the difference is again in favor of posi-
tive ranks, that is, post-tests. Accordingly, the mean of the post-test scores
(mean = 35.60) for the Engineering and Technology sub-dimension of the
STEM Aittitude Scale is significantly higher than the mean of the pre-test
scores (mean = 31.44). Finally, there is no significant difference between the
pre-test and post-test scores of the STEM Attitude Scale Science, Mathemat-
ics and 21st Century Skills sub-dimensions (p > 0.05).

Regarding the fifth question of the study, it was examined whether
there was a significant difference between the STEM Attitude Scale pre-test
and post-test mean scores of the students in the control group. For the analy-
sis of the data, firstly, parametric test assumptions were checked. In order for
the scores obtained from the STEM Attitude Scale to be suitable for para-
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metric testing techniques, they must first meet the assumption of normal dis-
tribution. The results of the Shapiro-Wilk normality test for the distribution
of the pre-test and post-test scores of the students in the control group from
the STEM Attitude Scale are presented in Table 10.

According to the results of the Shapiro-Wilk Test, it is seen that the
score distributions for both the pre-test and post-test differ from the normal
distribution since the p significance level of the statistical values for all sub-
dimensions and total scores is not greater than 0.05. In this direction, Wil-
coxon signed-rank test was used to examine whether there was a significant
difference between the STEM Attitude Scale pre-test and post-test mean
scores of the students in the control group. The results obtained are given in
Table 11.

When Table 11 is examined, it is seen that there is no significant dif-
ference between the total scores of the students in the control group from the
STEM Attitude Scale pre-test and the scores related to all sub-dimensions
except the Science sub-dimension and the post-test scores (p > 0.05). There
is a significant difference between the pre-test and post-test scores related to
the Science sub-dimension of the STEM Attitude Scale (z = -3.096, p <
0.05). When the results are examined, it is seen that the difference is in favor
of positive ranks, that is, post-tests. Accordingly, the mean of the post-test
scores (mean = 34.93) for the Science sub-dimension of the STEM Attitude
Scale is significantly higher than the mean of the pre-test scores (mean =
30.72).

Regarding the sixth question in the study, it was examined whether
there was a significant difference between the STEM Attitude Scale post-test
mean scores of the students in the experimental group and the STEM Atti-
tude Scale post-test mean scores of the students in the control group. For the
analysis of the data, the parametric test assumptions were first checked. In
order for the post-test scores obtained from the STEM Attitude Scale to be
suitable for parametric testing techniques, they must first meet the assump-
tion of normal distribution. The results of the Kolmogorov-Smirnov normal-
ity test for the distribution of the post-test scores of all students in the study
group are given in Table 12.

When Table 12 is examined, according to the results of the Kolmo-
gorov-Smirnov Test, it is seen that the post-test score distributions differ
from the normal distribution since the p significance level of the statistical
values for all sub-dimensions and total scores is less than 0.05. In this direc-
tion, Mann-Whitney U test was used to examine whether there was a signifi-
cant difference between the STEM Attitude Scale post-test mean scores of
the students in the experimental group and the STEM Attitude Scale post-
test mean scores of the students in the control group. The results obtained are
given in Table 13.
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Table 12. Kolmogorov-Smirnov Test Results Regarding the Normality of the

Score Distributions Obtained from the STEM Attitude Scale of the Students in
the Study Group.

Kolmogorov-Smirnov Test

Statistics SD p
Mathematics 0.130 54 0.023
Science 0.120 54 0.049
Post-Test Engineering and Technology 0.134 54 0.017
21st Century Skills 0.128 54 0.027
Total 0.093 54 0.020

Table 13. Mann-Whitney U Test Results for Comparison of STEM Attitude

Scale Posttest Scores of Students in Experimental and Control Groups.

Group n Rank Average Rank Total z p
Experiment 25 230.82 5950.50
-10.598 0.110
Mathematics Control 29  300.67 8890.50
Total 54
Experiment 25  280.06 7010.50
-0.244 0.807
Science Control 29  270.02 7830.50
Total 54
Experiment 25 310.12 7780.00
) ] -10.574 0.116
Engineering and Technology Control 29  240.38 7070.00
Total 54
Experiment 25  290.92 7480.00
. -10.053 0.292
21st Century Skills Control 29 25041 7370.00
Total 54
Experiment 25 280.50 7120.50 -0.434 0.664
Total Control 29  260.64 7720.50
Total 54

When Table 13 was examined, it was determined that there was no
significant difference between the STEM Attitude Scale post-test mean
scores of the students in the experimental group and the STEM Attitude
Scale post-test mean scores of the students in the control group (p > 0.05).
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Table 14. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the STEM Perception Test of the Students in the
Experimental Group.

Shapiro-Wilk Test

Statistics SD p
Science 0.818 25 0.000
Math 0.867 25 0.004
Engineering 0.898 25 0.017
Pre-test
Technology 0.861 25 0.003
Career 0.849 25 0.002
Total 0.902 25 0.021
Science 0.614 25 0.000
Math 0.847 25 0.002
Engineering 0.770 25 0.000
Post-test
Technology 0.757 25 0.000
Career 0.844 25 0.001
Total 0.851 25 0.002

Table 15. Wilcoxon Signed-Ranks Test Results for Comparison of STEM

Perception Test Pre-Test and Post-Test Scores of Students in the
Experimental Group.

Post-Test-Pre-test n Rank Average Rank Total z p
Science Negative Sequence 8 70.38 590.00 -10.725 0.085
Positive Sequence 12 120.58 1510.00
Equal 5
Total 25
Mathematics Negative Sequence 7 110.29 790.00 -0.973 0.330
Positive Sequence 13 100.08 1310.00
Equal 5
Total 25
Engineering Negative Sequence 6 60.83 410.00 -20.175 0.030
Positive Sequence 13 110.46 1490.00
Equal 6
Total 25
Technology Negative Sequence 7 100.50 730.50 -0.285 0.776
Positive Sequence 9 60.94 620.50
Equal 9
Total 25
Career Negative Sequence 5 100.20 510.00 -10.507 0.132
Positive Sequence 13 90.23 1200.00
Equal 7
Total 25
Total Negative Sequence 6 110.25 670.50 -10.917 0.055
Positive Sequence 16 110.59 1850.50
Equal 3
Total 25
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Findings Regarding the Effect of STEM Activities on
Students’ Perception Levels Related to STEM

Regarding the seventh question in the study, it was examined whether there
was a significant difference between the STEM Perception Test pre-test and
post-test mean scores of the students in the experimental group. For the
analysis of the data, firstly, the parametric test assumptions were checked. In
order for the scores obtained from the STEM Perception Test to be suitable
for parametric testing techniques, they must first meet the assumption of
normal distribution. The results of the Shapiro-Wilk normality test regarding
the distribution of the pre-test and post-test scores of the students in the ex-
perimental group are given in Table 14.

According to the results of the Shapiro-Wilk Test, it is seen that the
score distributions for both the pre-test and post-test differ from the normal
distribution since the p significance level of the statistical values for all sub-
dimensions and total scores is less than 0.05. In this direction, Wilcoxon
signed-rank test was used to examine whether there was a significant differ-
ence between the STEM Perception Test pre-test and post-test mean scores
of the students in the experimental group. The results obtained are given in
Table 15.

When Table 15 is examined, it is seen that there is no significant dif-
ference between the total scores of the students in the experimental group
from the STEM Perception Test pre-test and the total scores from the post-
test (z = -1.917, p > 0.05). Similarly, there is no significant difference be-
tween the pre-test and post-test scores of the students in the experimental
group regarding the STEM Perception Test Science, Mathematics, Technol-
ogy and Career sub-dimensions (p > 0.05). Finally, there is a significant dif-
ference between the pre-test and post-test scores of the students in the ex-
perimental group regarding the Engineering sub-dimension of the STEM
Perception Test (z = -2.175, p < 0.05). When the results are examined, it is
seen that the difference is in favor of positive ranks, that is, post-tests. The
mean of the post-test scores (mean = 31.04) for the Engineering sub-
dimension of the STEM Perception Test is significantly higher than the
mean of the pre-test scores (mean = 27.40).

Regarding the eighth question of the study, it was examined whether
there was a significant difference between the STEM Perception Test pre-
test and post-test mean scores of the students in the control group. For the
analysis of the data, the parametric test assumptions were first checked. In
order for the scores obtained from the STEM Perception Test to be suitable
for parametric test techniques, they must first meet the assumption of normal
distribution. The results of the Shapiro-Wilk normality test for the distribu-
tion of the pre-test and post-test scores of the students in the control group
from the STEM Perception Test are given in Table 16.
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Table 16. Shapiro-Wilk Test Results Regarding the Normality of the Score

Distributions Obtained from the STEM Perception Test of the Students in the
Control Group.

Shapiro-Wilk Test

Statistics SD p
Science 0.897 29 0.008
Math 0.919 29 0.028
Engineering 0.960 29 0.325
Pre-test
Technology 0.886 29 0.005
Career 0.867 29 0.002
Total 0.911 29 0.018
Science 0.614 29 0.013
Math 0.847 29 0.001
Engineering 0.770 29 0.101
Post-test
Technology 0.757 29 0.007
Career 0.844 29 0.004
Total 0.851 29 0.174

Table 17. Wilcoxon Signhed-Ranks Test Results for Comparison of STEM

Perception Test Pre-Test and Post-Test Scores of Students in the Control
Group.

Post-Test-Pre-test n Rank Average Rank Total z p
Science Negative 13  140.96 1940.50 -0.863 0.388
Positive 12 100.88 1300.50
Equal 4
Total 29
Math Negative 10 110.35 1130.50 -0.423 0.672
Positive 12 110.63 1390.50
Equal 7
Total 29
Engineering Negative 12 130.67 1640.00 -00.601 0.548
Positive 15  140.27 2140.00
Equal 2
Total 29
Technology Negative 13  140.54 1890.00 -0.344 0.731
Positive 13 120.46 1620.00
Equal 3
Total 29
Career Negative 12 130.08 1570.00 -0.770 0.441
Positive 15 140.73 2210.00
Equal 2
Total 29
Total Negative 15 130.37 2000.50 -0.057 0.955
Positive 13 150.81 2050.50
Equal 1
Total 29
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When Table 16 is examined, according to the results of the Shapiro-
Wilk Test, it is seen that the score distributions for both the pre-test and post-
test differ from the normal distribution since the p significance level of the
statistical values for almost all sub-dimensions and total scores related to the
STEM Perception Test is less than 0.05. In this direction, Wilcoxon signed-
rank test was used to examine whether there was a significant difference be-
tween the STEM Perception Test pre-test and post-test mean scores of the
students in the control group. The results obtained are given in Table 17.

When Table 17 is examined, it is seen that there is no significant dif-
ference between the total scores and sub-dimension scores of the students in
the control group from the STEM Perception Test pre-test and the total
scores and sub-dimension scores from the post-test (p > 0.05).

Regarding the ninth question in the study, it was examined whether
there was a significant difference between the STEM Perception Test post-
test mean scores of the students in the experimental group and the STEM
Perception Test post-test mean scores of the students in the control group.
For the analysis of the data, the parametric test assumptions were checked
first. In order for the post-test scores obtained from the STEM Perception
Test to be suitable for parametric test techniques, they must first meet the
assumption of normal distribution. The results of the Kolmogorov-Smirnov
normality test for the distribution of the post-test scores of all students in the
study group are given in Table 18.

When Table 18 is examined, according to the results of the Kolmo-
gorov-Smirnov Test, it is seen that the post-test score distributions differ
from the normal distribution since the p significance level of the statistical
values for all sub-dimensions and total scores is less than 0.05. In this direc-
tion, Mann-Whitney U test was used to examine whether there was a signifi-
cant difference between the STEM Perception Test post-test mean scores of
the students in the experimental group and the STEM Perception Test post-
test mean scores of the students in the control group. The results obtained are
given in Table 19.

When Table 19 is examined, it is seen that there is a significant dif-
ference between the STEM Perception Test post-test total mean scores of the
students in the experimental group and the STEM Perception Test post-test
total mean scores of the students in the control group (z = -1.822, p < 0.05).
Considering the rank averages, it was found that the STEM Perception Test
post-test total mean score of the students in the experimental group (31.70)
was significantly higher than the mean score of the students in the control
group (23.88). Similarly, it was revealed that there was a significant differ-
ence between the STEM Perception Test Science sub-dimension post-test
mean scores of the students in the experimental group and the STEM Percep-
tion Test Science sub-dimension post-test mean scores of the students in the
control group (z = -2.585, p < 0.05). Considering the rank averages, it was
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Table 18. Kolmogorov-Smirnov Test Results Regarding the Normality of the

Score Distributions Obtained from the STEM Perception Test of the Students
in the Study Group.

Kolmogorov-Smirnov Test

Statistics SD p
Science 0.815 54 0.000
Math 0.853 54 0.000
Engineering 0.884 54 0.000
Post- test
Technology 0.850 54 0.000
Career 0.867 54 0.000
Total 0.922 54 0.002

Table 19. Mann-Whitney U Test Results for Comparison of STEM Perception

Test Post-Test Score Means of Students in Experimental and Control Groups.

Group n Rank average Rank total z p
Science Experiment 25 330.42 8350.50 -20.585 0.010
Control 29 220.40 6490.50
Total 54
Math Experiment 25 270.02 6750.50 -0.211 0.833
Control 29 270.91 8090.50
Total 54
Engineering Experiment 25 350.64 8910.00 -30.563 0.000
Control 29 200.48 5940.00
Total 54
Technology Experiment 25 300.78 7690.50 -10.441 0.149
Control 29 240.67 7150.50
Total 54
Career Experiment 25 27094 6890.50 -0.193 0.847
Control 29 270.12 7860.50
Total 54
Total Experiment 25 310.70 7920.50 -10.822 0.048
Control 29 230.88 6920.50
Total 54

found that the STEM Perception Test Science sub-dimension post-test mean
score of the students in the experimental group (33.42) was significantly
higher than the mean score of the students in the control group (22.40). It
was also determined that there was a significant difference between the
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STEM Perception Test Engineering subdimension post-test mean scores of
the students in the experimental group and the STEM Perception Test Engi-
neering subdimension post-test mean scores of the students in the control
group (z = -3.563, p < 0.05). Considering the rank averages, it was found
that the STEM Perception Test Engineering sub-dimension post-test mean
score of the students in the experimental group (35.64) was significantly
higher than the mean score of the students in the control group (20.48). Fi-
nally, it was concluded that there was no significant difference between the
post-test mean scores of the students in the experimental group on the STEM
Perception Test Mathematics, Technology and Career sub-dimensions and
the STEM Perception Test post-test mean scores of the students in the con-
trol group (p > 0.05).

Qualitative Results

Findings Related to Student Opinions on Conducting of
STEM Activities in the Classroom and Learning Environ-
ments outside the Classroom

® Findings Regarding Student Opinions before Conducting
STEM Activities

Table 20 shows that the most common answer under the theme “teaching
methods” was “conducting experiments (f:7)”. Other answers were “with the
help of visuals-slides” (f:4), “using the textbook™ (f:3), “using the interactive
board” (f:2) and “making a presentation” (f:1).

Table 21 shows that the most common answer under the theme
“teaching method” was “teaching by experimentation (f:5)”. Other answers
were “games” (f:4), “using laboratory” (f:4), “question and answer method”
(F:3), “brainstorming (f:2)” and “discussion method” (f:2).

Table 22 shows that under the theme “suggestion”, the most com-
mon answer was “homework should be in the form of research (f:5)”. Other
answers were: “it is fun” (f:2), “it should be more difficult” (f:3), “it pro-
vides repetition” (f:1), “it provides learning the subject (f:2)”.

Table 23 shows that under the theme of “making preparations”, the
most common response was “making preparations from the textbook (f:6)”.
Other answers were: “preparing with the help of the internet (f:2)”, “prepar-
ing with the help of family” (f:3) and “preparing by reading past subjects”
(f:1). In addition, under the theme of “not preparing”, there was the answer
“I do not prepare (f:1)”.
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Table 20. Findings Related to the Question “How Do You Conduct the Science

Class? Explain in Detail.”

Theme Code Participant f  Opinions
Teaching Conducting S1,52,S3,54, 7  S1: We teach our lessons with the help of slide
methods experiments S5,56,S8 shows. However, we do experiments and
projects using the smart board.
With the help of S3,54,S5,S8 4 S4: We usually teach the lesson from the book.
visuals-slides Occasionally we do experiments.
Using the textbook  S2,S6,S7 3
Using the S1,S3 2
interactive board S1 1
making a
Presentation

Table 21. Findings Related to the Question “How Would You Like the Science

Class to Be Taught? Explain in Detail.”

Theme Code Participant f  Opinions
Teaching Teaching by S1,52,54,S5,S6 5 S2:1would like to do experiments, activities, and learn
method experimentation by playing games. She did it on filtration and we had a
lot of fun.
Games S2,53,54,S5 4 S8: 1 would like to do activities in the laboratory. | would

like my teacher to make us think, such as question and
answer, brainstorming methods.

Using S1,54,56,S7 4
laboratory S3,54,S6 3
Question and

answer method

Brainstorming S6,S8 2
Discussion S4,S8 2

method

Table 22. Findings Related to the Question “What are Your Opinions about

the Homework Given by the Teacher in the Science Class? Explain in Detail.”

Theme Code Participant f  Opinions

Suggestion  Homework should S4,S5,S6, 5  S2: Our teacher always gives homework. | think it is
be in the form of S7,S8 useful, it helps us learn the subject better.
research
It should be more S4,56,S7 3 S5: Homework is generally good. However, | do not
difficult like writing-based homework, my hand hurts a lot.

However, | like homework based on research based
on our own learning.

Beneficial  |tis fun S3,35 2
It provides S1 1
repetition
It provides learning  S1,S2 2
the subject
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Table 23. Findings Related to the Question “Can You Give Information about

Your Preparation Process before Coming to the Science Class? Explain in

Detail.”
Theme Code Participant f  Opinions
Making Making S1,S3,54,56, 6 S4:1 get help from my family to prepare for the
Preparations preparations from  S7,S8 science class before coming to class. Since our
the textbook teacher recommends a single source book, | try to
prepare by examining the subject from there.
Preparing with S4,S5 2 S6: | read the subject from the book before coming
the help of the to class.
internet
Preparing with S1,54,S8 3
the help of family
Preparing by S2 1
reading Past
subjects
Not Preparing | do not prepare S5 1

Table 24. Findings Related to the Question “What are the Resources You Use

in Terms of Accessing Information in Out-of-Class Applications for the
Science Class? Explain in Detail.”

Theme Code Participant f Opinions
Resources Internet S1, S2, S3, S4, 7 S1: | check on the internet.
S5, S6, S7, S8 S7: First | look in the book, then | ask my family. If it is
something they do not know, | check on the internet.
Family S2,S3, $4, 6
S5, S7, S8
Book S2, S4, S6,S7 4
Teacher S8 1

Table 25. Findings Related to the Question “Do You Have Any Knowledge
about the Units ‘Lighting and Sound Technologies, Human and Environment,

Simple Electrical Circuits’ in Science? If Yes, What Do You Know? Explain in
Detail.”

Theme Code Participant f  Opinions
| have Natural and S1,S3,S6 3 S3: There are natural and artificial environments. | don't
knowledge artificial envi- know about other units.

ronment S6: | do not know these units. | only know light pollution

about lighting technologies. There are natural artificial
elements. | don't have any other information.

Light pollution S6 1
| don’t | have no idea S1,52,53,54, 8
know S5,56,57,S8
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Table 26. Findings Related to the Question “Do You Know about STEM

Activities, Have You Done STEM Activities in Science Class? What Did You
Do? Explain in Detail.”

Theme Code Participant f Opinions
| don't know | have no idea S1,S2,S3,54,S5, S6,57,S8 8 S3: 1 don’t know, no
Negative No S1,S2,S3,54,S5, S6,57,S8 8

Table 27. Findings Related to the Question “What Are Your Thoughts about

the Science Class You Are Studying? Explain in Detail.”

Theme Code Participant f  Opinions

Positive Fun S1,S2,S5,S6 4 Sl: This is also fun. There we only used to
learn from the book. Our teacher explains the
lesson to us, but STEM activities are more fun
and | like them more.

Preferring a different S4,52,58 3 S8: It would be even better if we used a
environment - laboratories laboratory.
Suggestion  Doing different activities in 1

different places and with
different materials

Table 28. Findings Related to the Question “What Are Your Thoughts about

the STEM Activities You Did during the Science Class? Explain in Detail.”

Theme Code Participant f  Opinions

Positive Fun S1,S2,53,54,56 5 S1:Itwas fun, | liked it a lot, | think it was useful.
Liking S1,52,54,S5,,S6,S7 8 S2: It was good, it was fun, but | would have liked
Useful S8 3 everyone in the group to participate in the process.
Instructive S1,54,S5 2 Some of our friends did not participate in the

S4,S5 activities in the group, but other than that, | liked it a
lot, we had a lot of fun.

Suggestion  Group S2,S3
participation S8 1
should be
improved
To continue

Table 24 shows that the most common answer under the “resources”
theme was “internet” (f:7). Other answers were: “family” (f:6), “book” (f:4)
and “teacher” (f:1).

Table 25 shows that under the theme “I have knowledge”, students
mostly gave the answer “natural and artificial environment” (f:4). Other an-
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swers were: “Light pollution “ (f:1). In addition, the answers under the theme
“I don’t know” was “I have no idea” (f:8).

Table 26 shows that all of the students answered “no” (f:8) under the
theme “negative” and “I have no idea” under the theme “no idea” (f:8).

® Findings Regarding Student Opinions after Conducting
STEM Activities

Table 27 shows that the most common answer under the “positive” theme
was “fun” (f:4). Under the “suggestion” theme, they gave the answer “pre-
ferring a different environment” (f:3), “doing different activities” and “doing
different activities in different places and with different materials” (f:1).

Table 28 shows that the most common answer under the theme
“positive” was “Liking” (f:8), “fun” (f:5). Other answers were “group par-
ticipation should be improved” (f:2), “useful” (f:2) and “instructive” (f:2).

Table 29 shows that under the theme “positive”, the participants
mostly answered as “participation in the lessons increased” (f:3). Other an-
swers were “my self-confidence increased” (f:3) and “my creativity in-
creased” (f:2). Under the “Negative” theme, there was the answer “it was not
useful” (f:1). Also, under the theme “undecided” theme one student was
found to be “undecided”.

Table 30 shows that under the theme “positive”, the most common
answer was “it was useful” (f:8). Other answers were “it helped me learn
better (f:3)”” and “it helped us design” (f:2).

Table 31 shows that under the theme of “activities”, the most com-
mon answer was “irrigation by saving” (f:3). The other answers were “Sound
insulated house design activity” (f:2), “electricity activity” (f:2), “ water
treatment design” (f:1) and “All activities « (f:2).

When Table 32 is analyzed, under the “no” theme, students answered
“l did not have any difficulty” (f:5). The answers under the theme “(yes) |
had difficulty with activities” were “sound pollution” (f:1), “water treatment”
(f:1) and “electricity” (f:1).

Table 33 shows that under the theme of “courses”, the most common
answer given by the students was “Science” (f:6). Other answers were
“Mathematics” (f:5), “Turkish” (f:4), “Engineering” (f:3), “Social” (f:2) and
“Informatics” (f:1).

Table 34 shows that under the “positive” theme, the most common
answer given by the students was “must continue” (f:8) and they also gave
the answers “fun” (f:4), “better learning” (f:4), “useful” (f:2) and “increases
creativity” (f:2).

Table 35 shows that under the “environment” theme, the most com-
mon answers given by the students were “more spacious” (f:3) and “quiet”
(f:3), and the least common answers were “in the laboratory” (f:1). In the
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Table 29. Findings Related to the Question “Did the STEM Activities Carried

out during the Teaching of Science Class Have an Effect on Your and Your
Friends’ Participation in the Lesson? How?”

Theme Code Participant f  Opinions

Positive Participationin ~ S2,S3,S6 3 S5 It contributed a lot, | always come up with design ideas
the lessons in other lessons. Even at home, | don't let my mother throw
increased garbage anymore, | check the materials to see what | can

do.

My self- S2,S3,S7 3 S7:1feel confident now. | feel that my ideas are valued.
confidence
increased
Design ideas -  S4,S5 2
my creativity
increased

Negative It was not S1 2
useful

Undecided | am not sure S8 1

Table 30. Findings Related to the Question “Do You Think That the STEM

Activities You Did during the Teaching of Science Class Helped You Learn the
Subject Better? Explain Your Answer in Detail with the Reasons.”

Theme  Code Participant f  Opinions

Positive It was S1,52,S3,S4, 8 S2:1think it was very effective, | understood the topics very
useful - S5,56,S7,S8 well because we came to the lesson knowing the unit. You
effective made us think by asking a lot of questions in the lesson and it

was very useful. It was also reinforced with the designs.

It helped S1,52,S8 3 S8: Ithink it was useful. Coming to the lesson as having
me learn studied and your activities, STEM activities, those designs
better were very nice. It helped me understand better.
Ithelpedus  S1,S2 2
design
In creative S3 1
thinking

Table 31. Findings Related to the Question “Did You Like the STEM Activities

You Did in Science Class? Which Activities Did You Like and Why?”

Theme Code Participant f  Opinions
Activities  Irrigation by S2,S3,S5 3 S3: Yes. | liked the irrigationby saving the most because we
saving won first place in that design by designing the saving

system used by my grandfather. It made me very happy to
design something | saw at home.

Sound insulated ~ S4 1 S8: Yes. | cannot distinguish, | liked them all very much.
house design

activity

Electricity S1,S2 2

activity

Water treatment ~ S6 1

design

All activities S7,S8 2
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Table 32. Findings Related to the Question “Were There any Parts of STEM

Activities That You Had Difficulty with? If Yes, Which Part? Why Do You Think
You Had Difficulty in This Part? Explain.”

Theme Code Participant f Opinions
Negative 1 did not have S1,S2,S3,S6,S8 5  S3: We did not have any difficulty, it would
any difficulty have been more comfortable if my friends

had participated in the process.
S4: | had a little difficulty with electricity, but
then we understood it and made our design.

Activities they are Sound pollution S5 1
challenged with
Water S7 1
treatment
Electricity S4 1

Table 33. Findings Related to the Question "Which Other Courses Did You

Associate the Science Class with While Making Your Materials/Designs
during the Science Class? Why?"

Theme Code Participant f Opinions

Courses Science S1,52,54,S6, S6: Mathematics, Science, Engineering. Turkish.
S7,S8 S7: Science, Mathematics, Social Studies.
Because we thought and designed from life

(o]

Mathematics S1,55,56,57,S8 5
Turkish S3,55,56,S8 4
Engineering S5,56,S8 3
Social S3,54 2
Informatics S2 1

Table 34. Findings Related to the Question “Would You Like the STEM

Activities You Did in the Science Class to be Continued in the Future? Why?”

Theme  Code Participant f  Opinions
Positive  Must S1,S2,53,54,S5, 8 S1: 1 would like to because | learned a lot and it improved
continue S6,57,S8 4 my other lessons, for example, | think my math, Turkish
Fun S2,56, S7,S8 and social lessons also improved.
S4: | feel more knowledgeable and creative.
Better S1,S2,S3,54 4
learning
Useful S2,S3 2
Increases S3,54 2
creativity
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Table 35. Findings Related to the Question “What Would You Like to See

Different in the STEM Activities Carried out during the Science Class?”

Theme Code Participant f  Opinions
Environment  More spacious S2,S5 3 S1:If the in-group discussion time was longer. It would
have been better if we had done individual design
instead of group activity.
S4: The noises outside distracted me. | wish it was in
a quieter environment.

Quiet S3,54,S5 3
Laboratory S3 1
Must do activities S5 1
in all classes
Group Using your own S7,S8 2
materials
Discussion time S1 1
Design Individual design S1,82 2

Table 36. Findings Related to the Question “Considering the STEM Activities

We Did in the Science Class, Did You Feel Yourself as an Engineer of the
Future? Do You Think about Being an Engineer in the Future?”

Theme Code Participant Opinions
Positive | felt like an engineer S1,S2,S3,54,S5, 8 S2: Yes, | did, | even felt myself as
S6,S7,S8 a scientist.
The scientist S2,S8 2 S3: Yes, | did, | would like to be a
I don’t want to be an S1,55,57,S8 4 computer engineer.
engineer
Profession Computer engineer S3 1
Design engineer S4 1
Scientist S4 1
Civil engineer S6 1

Table 37. Findings Related to the Question “What Are Your Thoughts about
the Out-of-Class Lecture Videos You Made in the Science Class, Were These

Videos Useful for You to Learn the Subject, Did You Have Any Difficulties in
the Process? Explain in Detail ?”

Theme Code Participant Opinions
Positive It was S1,52,54,S5, 6  S4: This method is very clever. The idea of learning at
instructive S6,S8 home and coming back is very nice, | loved the videos, it

was very instructive. Sometimes the connection was lost, |
had no other difficulties.

S3: There was no school, it was as if we were learning by
ourselves, it was very fun, we were waiting with excitement,
it was very useful to see what to watch. | watched it easily
and had no difficulties.

S5: 1 did not have any difficulty. | liked the videos very
much, | think they were instructive.

Negative It was fun S3,S5 2
connection S4,S7 2
problem
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Table 38. Findings Related to the Question “Do You Have Any Suggestions

about the Process in General?”

Theme Code Participant f  Opinions
Satisfaction  Itis fun S1 1 S1:Ithink it was very fun, it was very good, | liked it
very much.
They want to do it S5 1 S5:1think we should have done these activities and
individually designs individually, | did not like that we were a
Change of groups in  S6 1 group.
the process
Inter-school compe- 04 1
tition
Liking S1,S3,54,S8 4

second theme, “group”, the answers given by the students were Using Your
Own Materials (f:1) and discussion time (f:1). Under the design theme, it
was determined that they gave the answer “individual design” (f:1).

Table 36 shows that under the theme of “Positive”, students mostly
gave the answers” | felt like an engineer” (f:8), “ I do not want to be an engi-
neer” (f:4) and “scientist” (f:2). It is seen that answers were given as com-
puter engineer (f: 1), design engineer (f: 1), scientist (f: 1), and civil engineer
(f: 1) under the theme of “profession”.

Table 37 shows that under the theme “positive”, all of the students
answered were “it was instructive” (f:6) and “it was fun” (f:2). Under the
“negative” theme, the “connection problem” (f:2) was answered.

Table 38 shows that under the theme of “Satisfaction”, students
mostly gave the answer “it is fun” (f:1), they also gave the answers “they
want to do it individually” (f:1), < Change of groups in the process « (f:1),
“inter-school competition” (f:1) and “Liking” (f:4).

Discussion

Results and Discussion on Scientific Creativity

In terms of the results related to scientific creativity, the study showed that
the application based on the STEM education approach supported by the
Flipped Learning model increased the scientific creativity level of 4th grade
students. Based on this result, STEM activities supported by the Flipped
Learning model support the creativity of 4th grade students. In this context,
we can say that students’ spending more time with STEM activities, thinking
about the problem, making discussions, drawing their designs and being free
in the realization process, rather than theoretical knowledge in the classroom
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learning processes, increased the creativity dimension. It can be said that the
flipped learning model provides the necessary time spent at school for crea-
tivity to develop. In addition, as stated by Serefli (2020) and Demir (2020),
the fact that the application based on the Flipped Learning model is an appli-
cation that children easily adapt to may have led to this positive result. The
fact that the STEM approach is an integrated approach that includes different
disciplines such as science, technology, engineering and mathematics (Yak-
man, 2008), current issues and daily life (Park & Ko, 2012) may have in-
creased students’ scientific creativity. It has been stated that creativity is like
a muscle and can be developed and strengthened through appropriate exer-
cises (Yatt & McCade, 2011). STEM trainings may have served as appropri-
ate exercises for creativity. Flipped Learning model may also be effective in
increasing creativity by increasing student motivation, communication and
interaction (Yu, 2022; Unl(y 2022), enabling students to learn actively, pro-
viding high participation, and increasing interest (Kyere, 2017).

Looking at other studies that support this result we see that; Korucuk
(2021) conducted a study to examine the effect of flipped learning practices
on university students’ creative thinking tendencies, communication skills,
motivation and academic achievement and found that flipped learning prac-
tices had a positive effect on university students’ creative thinking tenden-
cies., Al-Zahrani (2015), in his research conducted with the students of the
Faculty of Education, determined that the creativity levels of the students
who attended the class designed with the Flipped Learning model were
higher than those of the control group, Tsai et al. (2020) examined the ef-
fects of the flipped learning model on students’ learning performance, moti-
vation, student-teacher interaction and creativity and found that the flipped
learning model increased students’ creativity, Moghadam and Razavi (2022)
conducted an experimental study with 3rd grade middle school students and
found that students’ creativity increased when the flipped learning method
was used. In a parallel result, Rodr guez et. al. (2019) reported that students
perceived that they developed creative and critical thinking skills and social
awareness during the flipped classroom intervention and that after the
flipped classroom intervention, students developed different creative skills
such as identifying and analyzing problems, generating original ideas, ex-
ploring different options, incorporating different perspectives into complex
situations, producing sound arguments, and communicating complex argu-
ments while emphasizing main ideas. Nida (2019), on the other hand, found
that the Flipped Classroom model was more effective than the direct learning
model in increasing students’ Mathematical Creative Thinking Skills. As a
different study, Wannapiroon & Petsangsri (2020) in their study, which
aimed to investigate and develop the STEAMification model in a flipped
classroom learning environment to develop creative thinking and creative
innovation, they concluded that the creativity of students working through

SIEF, Vol.15, No.1, 2023 2211



Erkan & Duran. (Turkey). Flipped Learning in Primary Students’ Perceptions of STEM.

STEAMification was higher than students working with the normal model.
Harjono et al. (2022), as a result of their studies, the experiments in which
they aimed to identify those involving creative thinking with the video-
supported blended flipped classroom model on students’ work and energy
materials, they determined that the video-supported blended flipped class-
room model can develop creative thinking. Likewise, Farajallah & Al -Najjar
(2022) as a result of their study, which aimed to reveal the effect of flipped
classroom practice on the development of creative thinking skills and atti-
tudes towards self-directed learning in mathematics in tenth grade students,
it was concluded that there was a statistically significant difference between
the post-test mean scores of the students in the experimental group and the
control group in favor of the experimental group. The results of other studies
(Hsia, et. al. 2021; Widyaningrum, 2020) in different fields investigating the
effect of flipped learning on creativity have also revealed that it has a posi-
tive effect on creativity.

Looking at the studies on STEM education supported by the flipped
learning model, these studies generally examined the effects of the flipped
model supported by the flipped learning model and STEM applications on
academic achievement, self-directed learning with technology, and interest
in STEM professions (S&hdilr, 2020). Another study analyzed the effects of
STEM activities implemented with the flipped model on pre-service teachers’
self-efficacy beliefs and STEM education orientation (Coskun, 2020).

The results of some studies showing that STEM activities are effec-
tive on creativity are in parallel with this result. Cho and Lee (2013) found
that the creative personality, creative problem solving and learning levels of
the experimental group students who received STEM programs increased in
a study conducted with middle school students. Mayasari et al. (2016) found
that STEM applications affect creativity; GUhan (2016) found that STEM
activities had partial effects on scientific creativity in a study conducted with
5th grade middle school students. Konca-Sentiirk (2017), in a study con-
ducted with 7th grade middle school students, found that the levels of crea-
tive thinking and the levels of flexibility and rationality sub-dimensions of
creativity of the experimental group students who received STEM program
were higher than those of the control group. Cift@ (2018) conducted a study
with 7th grade middle school students and found that STEM activities in-
creased students’ scientific creativity. Genek (2018) investigated the effects
of STEM education on scientific creativity in a study with primary school
students and found that the scientific creativity level of 4th grade students
who started STEM education earlier was higher than that of 2nd and 3rd
grade students. Kurtulus (2019) found that STEM-based lego activities sig-
nificantly increased students’ scientific creativity levels in his research with
6th grade middle school students; Sarigam (2019) conducted a study with 6th
grade middle school students and showed that students’ scientific creativity
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levels increased after STEM education; Baltabiyik (2019) showed that
STEM applications had a positive effect on students’ scientific creativity in
her research with middle school 7th grade students; Asal (2020) showed that
the scientific creativity levels of the experimental group students who took
engineering design-based science classs with primary school 4th grade stu-
dents were significantly higher than those of the control group; in the study
conducted by Atabas (2020) with primary school 4th grade students, it was
shown that the scientific creativity levels of the students in the experimental
group who received STEM education increased significantly; Ozglik (2021)
showed that STEM applications positively affected creative thinking, work-
ing collaboratively, communicating, problem solving, and self-regulation in
a study conducted with middle school 7th grade students.

Results and Discussion on STEM Attitude

In terms of the results related to attitudes towards STEM, the study showed
that the application based on the STEM education approach supported by the
Flipped Learning model did not affect the attitudes of 4th grade students to-
wards STEM. The fact that the STEM attitude level of the students increased
in both the experimental and control groups can be considered that this in-
crease occurred due to other uncontrollable factors other than the application.
Students’ experiences in their lives outside of school could be another factor.
On the other hand, it can be explained by the fact that attitude change is re-
sistant and the implementation process is not long enough for attitude change.
Similar to the results of this study; Rehmat (2015) found that STEM attitude
levels were not affected in his research with 4th grade primary school stu-
dents; Kong and Huo (2014) and Yildirim (2016) found that STEM activities
did not affect the level of attitude towards STEM field; Kurtulus (2019) con-
ducted a study with 6th grade middle school students and found that there
was no difference between the control and experimental groups in any of the
STEM attitude sub-dimension levels after STEM activities. The result of this
study on the effect of the application based on the STEM education approach
supported by the Flipped Learning model on students’ attitudes towards
STEM is in line with the results of other studies (Rehmat, 2015; Kong &
Huo, 2014; Yildirim, 2016; Kurtulus, 2019) which concluded that the appli-
cation based on the STEM education approach did not affect their attitudes
towards STEM.

On the other hand, while this study shows that the application based
on the STEM education approach supported by the Flipped Learning model
does not affect students’ attitudes towards STEM, unlike this result; Tseng et.
al. (2013) found that STEM activities had positive effects on engineering,
science and technology from STEM attitude sub-dimensions; Guikey,
Harwell, and Moore (2014) found that the STEM attitude levels of students
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in schools where STEM activities were implemented were higher than those
in schools where STEM activities were not implemented; and in the study
conducted by GUhan (2016) with 5th grade middle school students, it was
found that the STEM attitude level of the experimental group increased in
science, engineering, technology and total attitude levels, but not in mathe-
matics and 21st century skills. In line with this, it was revealed that the total
attitude scores of the experimental group STEM attitude post-test levels of
science, engineering and technology were higher than those of the control
group. On the other hand, Yavuz (2019) examined the effects of STEM ac-
tivities on STEM professions, perceptions, and attitudes of primary school
4th grade students and found that STEM activities increased interest in
STEM professions, positively affected STEM attitudes and perceptions, and
STEM attitude total levels increased after the application; Bircan (2019)
conducted a study with 4th grade primary school students and found that
STEM education positively affected students’ attitudes towards STEM fields
(science, technology, engineering and mathematics); Sirin (2020) conducted
a study with middle school 7th grade students and found that STEM activi-
ties increased STEM attitude level; Ozelik (2021) found that STEM prac-
tices positively affected STEM attitudes in a study conducted with middle
school 7th grade students.

Results and Discussion on STEM Perception

The results of the study revealed that the application based on the STEM
education approach supported by the Flipped Learning model positively af-
fected 4th grade students’ science and engineering STEM perception levels,
but not their mathematics, technology and career STEM perception levels.
Based on these results, we can say that the application based on the STEM
education approach supported by the Flipped Learning model partially af-
fected the STEM perception levels of 4th grade students. We can conclude
that the effect of the application was especially evident on engineering per-
ception and that this application increased students’ perception of engineer-
ing. It is also possible to say that the students’ practices such as planning,
preparation, thinking about design, drawing and creating the design during
the application were effective in the prominence of engineering perception.
As for the science perception, the fact that the students practiced only the
content-oriented practices in the classroom, other than the science content,
can be considered as factors that increase the perception, as it made them
participate more willingly and interested in the lesson in this process.

When the studies on STEM perception in the literature are examined,
it is seen that STEM activities increase STEM perception positively in line
with the results of this study (Knezek et al., 2013; Alici, 2018; Kuvag, 2018;
Yavuz, 2019; Oner, 2019; Oztirk-irtem, 2021). In parallel with the findings
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of this study, Knezek et al. (2013) found that students’ STEM perception,
mathematics and career sub-dimension levels increased significantly in the
trainings where STEM activities were applied. In the study conducted by
Alic1 (2018) with 5th grade middle school students, it was determined that
students’ perceptions towards STEM professions and interest in engineering
profession increased after the application. Yavuz (2019), in a study con-
ducted with 4th grade primary school students, showed that STEM activities
positively affected STEM perceptions. Oner (2019) investigated how the at-
titudes and perceptions of middle school 5th, 6th and 7th grade students to-
wards STEM fields differed according to demographic variables and showed
that the perception levels of female students and upper grades were higher.
In another study examining the perception of scientists, engineers, STEM
perception and attitudes towards technology of 5th, 6th and 7th grade stu-
dents, Oztirk-irtem (2021) found that the level of STEM perception and per-
ception levels of science, mathematics, technology and career sub-dimension
did not differ according to gender, but the level of engineer perception was
higher in female students. According to grade level, STEM perception level
and mathematics and career sub-dimension levels were found to differ in fa-
vor of lower grades. As a different case study, Kuvag(2018) found that the
level of science, mathematics, engineering and technology sub-dimensions
and perception levels increased significantly after STEM activities, except
for the career sub-dimension, and it was also found that STEM trainings con-
tributed to the perceptions of engineers and engineering. The result of this
study on the effect of the application based on the STEM education approach
supported by the Flipped Learning model on students’ perceptions of STEM
is in line with the results of other studies (Knezek et al., 2013; Alici, 2018;
Kuvag 2018; Yavuz, 2019; Oner, 2019; Oztirk-irtem, 2021) that concluded
that applications based on STEM education approach affect perceptions to-
wards STEM.

In a few studies, contrary to this result, it was found that STEM ac-
tivities did not affect STEM perception or affected it negatively. In the study
conducted by Gdhan (2016) with 5th grade middle school students, even
though it was found that engineering, technology, career and perception lev-
els increased significantly in the experimental group, no significant differ-
ence was found in terms of STEM perception levels in the post-test compari-
sons of the control and experimental groups. In his study, Mills (2013)
showed that the STEM field’s career perception level of middle school stu-
dents who were applied STEM activities decreased.

Qualitative Findings and Discussion

The qualitative findings of this study, which were obtained before the appli-
cation based on the STEM education approach supported by the Flipped
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Learning model, showed that the students mostly taught the Science class by
conducting experiments, using visuals, slides and using the textbook, and for
this reason, the students stated that they wanted to teach the Science class by
conducting experiments and in a fun way. The study revealed that the stu-
dents stated that they mostly prepared from the textbook before coming to
the Science class, and the majority of them benefited from the internet, fam-
ily and textbook for the classroom applications of the Science class. The
study also found that the majority of the students were partially aware of the
titles of the units of the Science class, had no previous knowledge about
STEM and had not practiced STEM. In the preliminary interview results, it
was determined that they did not have any knowledge about STEM educa-
tion and that an application was made in the Science class.

The qualitative findings of this study, which were obtained after the
implementation of the application based on the STEM education approach
supported by the Flipped Learning model, indicated that all of the students
found the STEM activities carried out during the implementation process fun,
that they enjoyed them and that they did not have difficulty in performing
the activities. On the other hand, in the quantitative results, it was concluded
that the implementation did not affect the students’ attitudes towards STEM.
This result can be interpreted that the implementation period was not suffi-
cient to show a significant increase in the quantitative results.

Students mostly thought that the activities carried out during the im-
plementation process were beneficial in terms of participating in the lesson
and understanding the lesson better. As a result of a similar study, they ex-
plained how student engagement increased with the use of the flipped ap-
proach (McCallum et al., 2015). The students also associated the Science
class with Science, Mathematics and Turkish courses the most. Students
suggested that STEM activities should be continued because they are fun and
provide better learning, and that STEM activities should be carried out in a
wider environment and with higher participation. While half of the students
stated that they felt like future engineers during STEM activities, the other
half stated that they did not want to be engineers. With this result, the in-
crease in their perception of engineering may not be seen as a factor in their
choice of engineering as a profession. Likewise, Rodr guez et. al. (2019),
they concluded that the students were very satisfied with the flipped teaching
model and recommended its regular implementation in the curriculum.

In terms of the qualitative results of this research, when the relevant
literature on STEM activities is examined, there are studies that are similar
to the findings of this research in terms of students finding the lessons with
STEM activities more fun and satisfying (Kavak, 2019; Rehmat, 2015),
thinking that learning is more permanent in lessons with STEM activities
(Saricam, 2019), finding STEM activities more useful by students (Bircan,
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2019; Yavuz, 2019), and students having positive opinions about STEM ac-
tivities (Kogk, 2019).

In terms of the qualitative results of this research, there are studies
that are in parallel with the findings of this study in terms of students’ posi-
tive opinions about the use of the flipped classroom model (Aydin, 2016;
Unl{y 2022), the flipped classroom model increases students’ participation in
classroom activities (Glven-Demir, 2018), the flipped classroom model re-
duces anxiety levels towards science (Unlttirk, 2022), and the flipped class-
room model makes the lesson more fun (Okmen, 2020; Serefli, 2020), stu-
dents’ positive approach to learning (Long et al., 2016) and ease of access to
resources (Talley & Scherer, 2013). In addition, they are in line with previ-
ous research showing that the flipped classroom approach to science educa-
tion not only stimulates interest in the subject matter but also provides
deeper knowledge, making it a more effective strategy than traditional learn-
ing (Stockwell, Stockwell, Cennamo, & Jiang, 2015). In contrast to this re-
sult, other studies have cited the perception of increased student workload as
the reason for negative perceptions of a flipped approach (Khanova, Roth,
Rodgers & McLaughlin, 2015; Hotle & Garrow, 2016). As a result of the
study, students stated that they liked the out-of-class videos very much and
that they were instructive and helped them to learn the content. Likewise an-
other study (Ram Fez, et.al. 2014) examining the advantages and disadvan-
tages of reverse face-to-face education shows that the main advantages for
students (according to their perceptions) are; flexibility to learn from videos,
better comprehension of content, advantage to the class due to previous
knowledge and motivation to learn, while among the disadvantages; techni-
cal problems, internet, software, etc. problems.

Suggestions

Based on the findings of the study, the following suggestions can be made
for practitioners and researchers:

General Suggestions

® Since the findings of this study show that the STEM approach supported
by the Flipped Learning model increased students’ scientific creativity
and STEM perception levels, the STEM education approach supported
by the Flipped Learning model should be made widespread in schools.
In addition, STEM activities supported by the Flipped Learning model
should be used at all levels of education. STEM activities should be
started at an early age.

® Since the Flipped Learning model requires students to have some tools
and equipment, planning the applications according to the students’ pos-
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session of the necessary equipment can eliminate the inequality between
students. Therefore, attention can be paid to this issue when implement-
ing the Flipped Learning model.

® Teachers who are the implementers of the Flipped Learning model and
STEM activities can be informed about these issues. For this purpose,
the importance and necessity of these educational approaches can be ex-
plained to teachers and training programs can be created in this field
both in university education and in vocational training in order to gain
knowledge and experience.

® Teachers’ ability to implement the Flipped Learning model and STEM
activities efficiently depends on their ability to allocate additional time
for planning and preparation. For this reason, teachers should be pro-
vided with this extra time when planning lessons and curricula.

Suggestions for Future Studies

® In this study, the effects of STEM approach supported by the Flipped
Learning model on scientific creativity, STEM attitude and STEM per-
ception were examined. Future research can examine the effects of these
practices on other dependent variables.

® The sample of this study was selected from primary school 4th grade
students. Future research can investigate the effects of applications
based on the STEM education approach supported by the Flipped Learn-
ing model at other levels.

® In this study, the effects of demographic variables were ignored. Future
studies should also examine the effects of demographic variables. In par-
ticular, it may be useful to investigate the moderating effects of demo-
graphic variables.
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