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ABSTRACT

The purpose of this study was to investigate the effect of STEAM-based science teaching on
STEAM performance, design-based thinking skills, and STEAM attitudes of gifted and talented
students. This mixed-methods study employed an intervention-assisted embedded research
design. The study group comprised 33 fifth graders attending the Recognition of Individual
Talents (RIT) Program of a Science and Art Center (SAC) in one of our southern provinces in the
2018-2019 school year. In the quantitative phase of the study, the data were collected based on a
quasi-experimental approach. In the qualitative phase, however, interviews were conducted
before, during, and after the intervention process. The quantitative data were collected through
the “STEAM Performance Evaluation Form” (STEAM PEF), “Design-Based Thinking Performance
Evaluation Form” (Design-Based Thinking PEF), and STEAM Attitude Test and the qualitative data
were collected through interviews and observations. ANOVA test for mixed measures was
performed for analysis of quantitative data and content analysis for qualitative data. A
statistically significant difference was found in STEAM and design-based thinking performance
between the treatment group that underwent STEAM-based science teaching and the control
group that underwent a STEM-based science curriculum for 13 weeks, while no significant
difference was found in their STEAM attitudes. STEAM-based science teaching gave the gifted
and talented students an awareness of their creation and design skills and the STEAM as well as
increased their motivation by having them use their logical and analytical thinking skills.

Keywords: Science education, STEAM education, design-based thinking, attitude towards STEAM,
gifted and talented students
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INTRODUCTION

With the advancement of technology in the 21 century, countries are striving to follow and adapt to the
changes and developments in economic, social, and political spheres. These changes and developments
influence the education system along with the whole system in society. Apart from the economic and
technological competition, a competitive environment is created in education alongside the adjustments and
innovations that countries have made in the educational programs. To get information about education, the
OECD (Organization for Economic Cooperation and Development) that comprises of 34 member countries
including Turkey, conducts an evaluation exam called PISA (The Program for International Student Assessment).
This exam measures not only what students know but also if they could apply their knowledge and 21%-century
skills in real life. In the PISA exam conducted in 2012, 2015 and 2018, Turkey achieved very low scores in the
field of science, mathematics, and reading skills remaining at the lower bottom of inter-country rankings.
However, the producing countries rank the top and the basis of production lies in the use of disciplines such as
science, mathematics, and technology in addition to the 21 century skills. Ranking the top in international
exams such as PISA and the competition that exists in the world requires utilization of interdisciplinary
approaches appropriate to the 21%%-century. Therefore, interdisciplinary STEM education was introduced into
the curriculum in conjunction with a program launched by the USA. Art is one of the areas where, of 21°-
century skills, creativity can be exhibited the best and creativity skills are the common basis of the scientific
studies and works of art we appreciate today. In approaches to be applied, the art and aesthetic values were
emphasized not to be left in the background, and thus, the STEAM concept was created by integrating art into

STEM in 2006 (Ayvaci & Ayaydin, 2017).

The approaches, upon which the curriculum is founded, is one of the important elements of the teaching and
learning process that guide teachers on how students acquire knowledge and skills in the teaching-learning
process and how to evaluate the knowledge and skills they acquire. With the creation of the curriculum based
on the constructivist approach, attention was drawn upon the individual differences and experiences of
students and, in addition to the basic life skills, the goal was to enable them to acquire higher-order thinking
skills such as critical thinking, problem-solving, and creative thinking skills. In order to achieve these goals, a
variety of methods and strategies ought to be used in the classrooms. Teaching practices should be carried out
by exposing students to a problem and providing them with experiences to solve this problem in a context

interlinked with the real world (Jonessen, 1992; Karakus, 2016).

Exposing students to problem situations that have multiple solutions they may face in real life and that require
them to combine different disciplines is considered the most sensitive and salient aspect of STEAM education
within the scope of educational programs (Honey, Pearson & Schweingruber, 2014; Wang, Moore, Roehrig &
Park, 2011; Williams, 2011 Cited in Bozkurt Altan, 2017). The problems encountered in real life require

associating different disciplines and focusing on solutions by bringing together the knowledge and skills related
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to the disciplines. Design-based thinking, which is one of the skills encountered in the way of innovative
thinking, is defined as a human-oriented, multidisciplinary, optimistic, and experimental concept and it is
considered as one of the ways to put the STEAM education into practice (Copurlar & Oztiirk, 2015). Design-
based thinking skills are being included in the curriculum based on the ideas that design-based STEM practices
would be meaningful and effective in the teaching of subjects and concepts given in the science curriculum.
According to Yildirim and Altun (2015), STEM education, which is attributed to the engineering design process,

provides students with interdisciplinary perspectives enabling them to design and develop prototypes.

The “Engineering Design Process” presented within the framework of “Engineering is the Backbone” project
carried out by Boston Science Museum is based on five steps: ask, imagine, plan, create, and improve (Cavas &
Cavas, 2018). This study is grounded on the aforementioned steps of the design-based thinking process.
Design-based thinking and STEAM practices aim to have individuals acquire 21%-century skills such as being
production-oriented, critical thinking, creativity, problem-solving, innovation, entrepreneurship, productivity,
and responsibility. Considering that the departure point of STEM is the inadequate labor force in STEM
discipline areas, educating individuals equipped with STEAM knowledge and skills and design-based thinking
skills has become the primary goal of countries to be victorious in the economic and technological competitions
in these fields. Gifted and talented students, whose interests in science and STEAM disciplines are determined,
have the potential to produce quality products in the future, which makes them the most important human
resources to grow in these fields (Cepni, 2018: 495). Hence, gifted and talented students need to do STEAM-

related activities and to be guided to STEAM-related professions.

Dede and Yaman (2008) argue that attitude and motivation towards a course have a significant effect on
achievement, learning, and creativity. Studies showing positive effects of STEAM practices on students’
attitudes towards science and other STEAM disciplines are available in the literature (Gilhan & Sahin, 2016;
Karisan & Yurdakul, 2017; Gilhan & Sahin, 2018; Ozyurt, Kusdemir Kayiran & Basaran, 2018). According to
these views, students who demonstrate positive attitudes towards science and other STEAM disciplines are

expected to increase their motivation, skill development, and consequently their productivity.

Despite the growing interest in STEAM education, the research on this field is quite limited in our country as
per the existing literature. STEAM-related studies indicate that most students have positive opinions about
STEAM activities (Bati, Caliskan & Yetisir, 2017; Giilhan & Sahin, 2018; Ozkan & Umdu Topsakal, 2017). A study
examining the effect of STEAM education on the creativity development of primary school students (Kim &
Park, 2012) found that the design and application process grounded on scientific principles helps to develop

creativity in sceicne, art, and engineering education.

Further, the STEAM activities were found to have a moderately significant effect on students’ academic

achievement and their overall STEAM attitudes improving their scientific creativity levels. Applied research in
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the field of science on design-based thinking (Ercan, 2014; Mercan Hobek, 2014; Sahin & Ercan, 2015) is carried
out to determine the effects of design-based science teaching or engineering design process on students’
academic achievement, decision-making skills, engineering design process implementation, and to explore
their views as regards engineering. A study conducted abroad, investigating the design-based thinking and
STEAM education together, concluded that design and design-based thinking serve as a bridge between the art,
science, and other disciplines (Henriksen, 2017). In addition, many teachers stated that they had difficulty in

integrating STEAM concepts into their course topics.

Such a study is required considering the stated importance of STEAM education and design-based thinking,
scarcity of research in this field, and the impact of student attitude on learning. Hence, the problem statement
of the study was determined as: What is the effect of STEAM-based science teaching on STEAM performances,
design-based thinking skills, and STEAM attitudes of gifted and talented students? In line with this question,
answers for the following questions were sought: (i) Is there a significant difference between the pretest and
posttest scores of the treatment group that underwent STEAM-based science teaching and the control group in
terms of their STEAM performance? (ii) Is there a significant difference between the pretest and posttest
scores of the treatment group that underwent STEAM-based science teaching and the control group in terms of
design-based thinking skills? (iii) Is there a significant difference between the pretest and posttest scores of the
treatment group that underwent STEAM-based science teaching and the control group in terms of STEAM
attitudes? (iv) What are the views of treatment group students that underwent STEAM-based science teaching

regarding STEAM-based science teaching?
METHOD

Mixed-methods research, in which qualitative and quantitative methods, concepts, and approaches are used
together, was employed in this study. Of mixed-methods designs, an embedded research design was applied in
the study. According to Greene, Caracelli, and Graham (1989), the purpose of using mixed-methods is to
expand the data obtained from the study. Attention is paid to what stage of the experimental process the
qualitative data is collected in intervention design. In this study, the qualitative and quantitative data were
collected simultaneously before, during, and after the experimental process. The way quantitative and
qualitative data are integrated and being associated with one another is important. In this study, the
integration was made in the discussion section by embedding qualitative data into quantitative one or, in other

words, using qualitative data to support the quantitative one.
Participants

The study was carried out with 33 grade five gifted and talented students of age 10, attending the RIT program

of a SAC in one of our southern provinces. A treatment and a control group were determined. Of 17 students
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making up the treatment group, 6 were girls and 11 boys, and of 16 students making up the control group, 6
were girls and 10 boys. Through a study, Maltese and Tai (2011; Cited in Cepni, 2018) emphasize that 65% of
scientists develop interest in science before they begin secondary school education. Therefore, it was thought
that a study group of fifth-graders would be suitable for the study. A purposive sampling method was
employed when selecting the study group. Primarily, the classes with the largest number of students and the
ones who took the science course were determined via this method, and then the treatment group was
selected in between the groups through a random assignment. According to Creswell (2017), if qualitative data
are collected before, during, and after the experiment in intervention design, it is generally more appropriate
to select individuals involved in the intervention. Hence, the qualitative data were collected from the treatment
group in this study. Further, independent samples t-tests were applied to examine the equivalence of
treatment and control groups before initiating the experiment process and the related t-test results are given

in Table 1.

Table 1. Independent Samples t-test Results for the Mean Scores of the Treatment and Control Groups in

Pretests
Group N M SD df t p
STEAM Performance Pretest Treatment 17 72.8412 8.35801 2.02712 .375 .710
Control 16 71.3375 14.11169 3.52792 .370 .715
Design-Based Thinking Treatment 17 72.9529 6.90798 1.67543 .149 .882
Performance Pretest Control 16 72.3438 15.26075  3.81519 .146 .885
STEAM Attitude Pretest Treatment 17 247.0000 17.67413 4.28661 1.456 .155

Control 16  237.0625 21.45839  5.36460 1.447 .159

(p > 0.05)

According to the pretest results in Table 2, the p-values for STEAM and design-based thinking performance and
STEAM attitudes of the treatment and control groups are above the 0.05 level of significance accepted in
research. Therefore, no significant differences were found between the treatment and control groups in terms

of STEAM performances, design-based thinking performances, and STEAM attitudes.

Data Collection Tools

The researchers applied STEAM-based science teaching to the treatment group and the STEM-based science
curriculum of SAC to the control group within a 13-week long period. The quantitative data of the study were
collected through the “STEAM PEF” and “Design-Based Thinking PEF” developed by the researchers and the
STEAM Attitude Test develop by Gilhan and Sahin (2018). However, the qualitative data were collected

through semi-structured interview forms and unstructured observation.

The first drafts of the evaluation forms were presented to four experts in the fields of measurement and
evaluation and STEM for their expert opinions and were finalized under their feedback. ICC (Intraclass

correlation coefficient) inter-rater reliability analysis was performed for the validity and reliability of the forms
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according to the scores obtained from the expert opinion forms. The resultant correlation coefficients obtained
through expert opinion forms from four expert raters were ICC = 0.3 for the STEAM Performance Evaluation
Form and ICC = 0.6 for the design-based thinking PEF. The correlation coefficient for the Design-Based Thinking
PEF (0.6) indicates a good level of consistency according to Cicchetti (1994) and a moderate level of consistency
according to Koo and Li (2016). However, the correlation coefficient related to STEAM PEF (0.3) is indicative of
poor consistency according to Cicchetti (1994) as well as to Koo and Li (2016). It should be noted that the
correlation calculated at this point carries out a very sensitive measurement and that the ICC value is directly
affected by the number of items, categories, and the experts in particular. As the number of expert raters
increases, the reliability value drops (Nying, 2004), and in some cases, these values could be low, even if the
inter-rater agreement is high. Abedi, Baker, and Herl (1995) argue that an increase in the number of raters in
performance measurement studies increases the level of variability in scores and therefore decreases the
reliability. Low inter-rater consistency is not acceptable in health care or clinical research, but acceptable in

social sciences based on the reasons noted.
STEAM Attitude Test

The “STEAM Attitude Test” used in the study was the STEM Attitude Test developed by Friday Institute (2012)
which was adapted into Turkish by Giilhan and Sahin (2016) combining it with the “Art Attitude Scale"
developed by Dede (2012). The reliability of the 58-item five Likert type test was calculated as 0.94 (Giilhan and
Sahin, 2018). However, the Cronbach’s Alpha reliability coefficient of the test in the pretest of this study was
0.87. The fact that this value is between 0.80 and 1.00 indicates that the test is of a high level of reliability
(Kalayci, 2010). For the STEAM attitude test used in the study, the researchers were contacted by email to

obtain necessary permissions.
Interview Form and Interview Procedure

The three semi-structured interview forms prepared were administered at the beginning, in the middle, and at
the end of the process. The interview form administered at the beginning of the process consisted of three
main and three sub-questions related to these questions. Further, the interview form administered in the
middle of the process consisted of seven main questions related to the sub-dimensions of STEAM PEF and
design-based thinking PEF. However, the interview form administered at the end of the process consisted of
seven main questions about the experiences of gifted and talented students in the STEAM-based science
teaching process and their feelings towards these experiences. The first draft of the interview forms was
revised according to the views of a faculty member teaching the qualitative research course and a faculty

member who conducts qualitative studies in the department of curriculum and instruction.
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An interview was conducted before the experimental procedure to determine the readiness of gifted and
talented students in terms of STEAM-based science teaching and design-based thinking skills. During the sixth
week of the application, interviews were carried out regarding the design-based thinking skills that were tried
to be acquired through STEAM learning process and design-based activities. By the end of the experimental
procedure, interviews were conducted regarding STEAM-based science teaching. All three interviews were
audio-recorded by performing one-to-one interviews with the students. Interviews were conducted in order of
a list in an empty classroom in the center where the application took place. The mid-process and the end-of-

process interviews conducted lasted from ten to fifteen and eight to sixteen minutes respectively.
Validity and Reliability Studies Regarding the Qualitative Dimension

In qualitative research, plausibility, transferability, consistency, and verifiability are the strategies used to
ensure validity and reliability (Lincoln and Guba 1985). In order to ensure the validity and reliability of the
qualitative dimension, this study was grounded on strategies such as transferability, consistency, and
verifiability. The researchers also carried out different activities and studies in practice school in previous years
and have been a long-term participant in the courses. Therefore, the researchers are well acquainted with the
profile of gifted and talented students as well as the function of SAC. STEAM-based science teaching in the
treatment group was conducted by the researcher for 13 weeks. However, the lessons in the control group
were delivered by a SAC teacher based on the science curriculum of the RIT-1 Program. Participant approval is
to ask whether participants and their ideas are correctly understood to ensure they are represented correctly
(Glesne, 2015). This strategy was frequently utilized in the research since the gifted and talented students
spoke fast and jumped from one topic to another. Within the scope of the study, data triangulation was
ensured by conducting observations and interviews. In addition, all the collected data and the results of the

study were examined by an experienced expert in qualitative research.
Procedure

Activities were carried out based on the learning outcomes related to the core disciplines of science and STEAM
in the treatment group. These activities were conducted according to the design-based thinking steps and were
grounded on the relationship of students’ products with STEAM disciplines. The longest remaining in the air
design, Marshmallow Challenge (Tower Design), Bridge Design, Zip Zip Car, Multipurpose Bag design, and
Water Slide activities were performed. By contrast, Knowledge Contest, Material, Mixture Separation Method,
Material Cycles, Respiratory System, Bingo, Electron Microscopy, Electrolysis Experiment, and Electronic
Magnet activities were conducted in the control group. The teacher delivered the lessons by using smart
boards, lecturing through models, mind maps, creating posters, playing games, performing demonstration

experiments, and having students create electromagnets.
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Data Analysis

The Shapiro Wilks test of normality was used to decide if quantitative data from the pretest and posttest
measurements of the treatment and control groups were normally distributed. This test was used since the
sample size was 17 (< 50) for the treatment group and 16 (< 50) for the control group (Yildirim and Simsek,

2016). The results of the normality test are given below in Table 2.

Table 2. Normality Test Results

Class Kolmogorov Shapiro Wilks
Simirnov df P Statistics df P
Statistics
STEAM Pretest Treatment .195 17 .086 .920 17 .150
Control .144 16 200™ .928 16 .228
STEAM Posttest Treatment 144 17 .200 .938 17 .296
Control .170 16 200* 912 16 .126
DBT Pretest Treatment 144 17 200* .927 17 .195
Control 112 16 200" .975 16 .910
DBT Posttest Treatment .305 17 .000 .653 17 .000
Control 221 16 .036 .866 16 .023
STEAM Attitude Pretest Treatment .086 17 .200* .984 17 .984
Control .168 16 200 .949 16 .473
STEAM Attitude Posttest Treatment 117 17 .200* .980 17 .955
Control 114 16 200* .979 16 .955
(p >0.05)

As seen in Table 2, the resultant pretest-posttest scores for the STEAM PEF, Design-Based Thinking PEF, and
STEAM attitudes test were found statistically insignificant (p > 0.05). Only the p-value (0.00) for the posttest of
design-based thinking (DBT) of the treatment group is less than 0.05. At this point, the normal distribution
could be determined by descriptive methods looking at statistics such as arithmetic mean, mode, median,
skewness and kurtosis coefficients for the distribution of data related to this test (Abbott, 2011; Kirk, 2008,
cited in Demir, Saatcgioglu & imrol, 2016). The skewness value for this test was 0.58 and the kurtosis value -0.9.
The skewness and kurtosis coefficients being within the limits of +1 are considered as evidence for a normal
distribution in the literature (Tabachnick & Fidell, 2013). Since the values were within the acceptable ranges
(1), it was concluded that the distribution of data is normal. The significance value of p > 0.05 indicates that
the distribution is normal, meaning that there is no significant difference between the pretest scores for all the
measurements of treatment and control groups. Therefore, it was decided to analyze the data, collected by

administering quantitative data collection tools, using parametric tests.

Content analysis was performed for the analysis of data collected through qualitative methods. To ensure the
reliability of the qualitative analysis, the inter-coder reliability formula (Agreement / Agreement +
Disagreement)*100 proposed by Miles and Huberman (1994) was used. The consistency percentages related to
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the interviews conducted before, during, and after the intervention were 90, 85, and 86% respectively. The
fact that these values are over 70% gives the impression that there is a high level of inter-coder agreement and
the data analysis is reliable (Yildinm & Simsek, 2008). The researcher observed the gifted students during the
STEAM-based science teaching process and took notes. By the end of the intervention process, the notes

related to the observations and the resultant findings of the interviews were associated and discussed.
FINDINGS

The resultant findings in this section are given in order of the problems.

The First Sub-Problem: |s there a significant difference between the pretest and posttest scores of the
treatment group that underwent STEAM-based science teaching and the control group in terms of their STEAM
performance? The pretest-posttest mean scores and standard deviation values of gifted and talented students

from the STEAM Performance Evaluation Form regarding their STEAM performances are given in Table 3.

Table 3. STEAM PEF Pretest-Posttest Mean Scores and Standard Deviation Values

Pretest (STEAM) Posttest (STEAM)
Group N M SD N M SD
Treatment 17 72,8 8,35 17 109,4 4,15
Control 16 71,33 14,11 16 55,04 23,62

As shown in Table 3, the mean STEAM performance score of the treatment group students who underwent
STEAM-based science teaching was M = 72.8 before the experimental procedure and M = 109.4 after that.
However, the mean STEAM performance scores of the control group students who were taught according to
the SAC curriculum were M =71.33 and M = 55.04 respectively. Accordingly, the STEAM-based science teaching
process could be argued to increase the STEAM performance of treatment group students, whereas the SAC

curriculum to decrease the STEAM performance of control group students.

The results of ANOVA for mixed measures on whether the observed changes in the STEAM performance of the
students exposed to two different teaching shows a significant difference before and after the experimental

process are given in Table 4.

Table 4. ANOVA Results on STEAM PEF Pretest-Posttest Mean Scores

Source of Variance Type 1l Sum of df Mean of F P n?
Squares Squares
Between Groups 18963.517 32
Group (Treatment/Control) 12886.645 1 12886.645 65.739 .000 .680
Error 6076.872 31 196.028
Within Group 19918.569 33
Measure (Pretest-Posttest) 1702.311 1 1702.311 7.902 .008 .203
Measure*Group 11537.811 1 11537.811  53.556 .000 .633
Error 6678.447 1 215.434
Total 38882.086 65
(p <0.05)
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As Table 4 indicates, as per ANOVA test results there is a significant difference F(1, 32) = 53.55, p < 0.05) in pre
and post-treatment STEAM performances of the treatment group students who underwent STEAM-based
science teaching and this difference is in favor of the treatment group. The significant difference between the
pretest-posttest STEAM performances of the treatment and control group shows the effectiveness of the
experimental process. As per the effect size value (n?=0.68) related to the variance between the treatment and
control groups, the effect of the experimental process could be affirmed to be 68%. The remaining 32% of the
variance could be explained by different variables such as student interactions with each other, individual

differences, and interactions with school and non-school environments.

The Second Sub-Problem: |s there a significant difference between the pretest and posttest scores of the
treatment group that underwent STEAM-based science teaching and the control group in terms of design-
based thinking skills? The pretest-posttest mean scores and standard deviation values of gifted and talented

students from the Design-Based Thinking Performance Evaluation Form are given in Table 5.

Table 5. Design-Based Thinking PEF Pretest-Posttest Mean Scores and Standard Deviation Values

Pretest (DBT) Posttest (DBT)
Group N M SD N M SD
Treatment 17 72.95 6.90 17 120.30 8.11
Control 16 72.34 15.26 16 57.08 25.27

As seen in Table 5, the mean design-based thinking skills performance score of the treatment group students
who underwent STEAM-based science teaching was M = 72.95 before the experimental procedure and M =
120.30 afterward. In contrast, the mean design-based thinking skills performance scores of the control group
students, who were taught based on the SAC curriculum, were M = 72.34 and M = 57.08 respectively. Thus, it
could be argued that the STEAM-based science teaching process increases the design-based thinking
performance of the treatment group students, whereas the SAC curriculum causes a decrease in the design-

based thinking performance of the control group students.

The results of ANOVA for mixed measures on whether the observed changes in the design-based thinking
performance of the students who underwent two different teaching procedures show a significant difference

from pre to post-experimental processes are given in Table 6.
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Table 6. ANOVA Results on Design-Based Thinking PEF Pretest-Posttest Mean Scores

Source of Variance Type lll df Mean of F P n?
Sum of Squares
Squares
Between Groups 24609.824 32
Group (Treatment/Control) 16792.938 1 16792.938 66.512 .000 .682
Error 7826.886 31 252.480
Within Groups 27471.208 33
Measure (Pretest-Posttest) 4244.009 1 4244.009 18.611 .000 .375
Measure*Group 16158.009 1 16158.009 70.857 .000 .696
Error 7069.190 31 228.038
Total 52081.032 65
(p <0.05)

Given in Table 6, the ANOVA test results indicate that there is a significant difference, F(1, 32) = 70.85, p <
0.05), in pre and post-treatment design-based thinking performances of the treatment group students, who
underwent STEAM-based science teaching, and this difference is in favor of the treatment group. Herein, the
significant difference between the pretest and posttest scores of design-based thinking skills of treatment and
control groups shows the effectiveness of the experimental process. Looking at the effect size value (n?=0.68)
related to the variance between the treatment and control groups, the effect of the experimental process
could be reported as 68%. The remaining 32% of the variance could be explained by different variables such as
individual differences, student interactions with each other, and interactions with school and non-school

environments.

The Third Sub-Problem: |s there a significant difference between the pretest and posttest scores of the
treatment group that underwent STEAM-based science teaching and the control group in terms of STEAM
attitudes? The pretest-posttest mean scores and standard deviation values of gifted and talented students

from the STEAM Attitude Test as regards their STEAM attitudes are given in Table 7.

Table 7. The Pretest-Posttest Mean Scores and Standard Deviations of STEAM Attitude Test

Pretest Posttest
Group N M SD N M SD
Treatment 17 247.00 17.67 17 248.47 23.17
Control 16 237.06 21.45 16 240.87 19.88

As seen in Table 7, the mean STEAM attitude test score of the treatment group students, who underwent
STEAM-based science teaching, was M = 247.00 before the experimental procedure while this value was M =
248.47 after that procedure. Moreover, the mean scores of control group students, who were taught based on

the SAC curriculum, were M = 237.06 and M = 240.87 respectively.
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The results of ANOVA for mixed measures on whether the observed changes in STEAM attitudes of the
students who underwent two different instructional programs show a significant difference from pre to post-

experimental processes are given in Table 8.

Table 8. ANOVA Results on STEAM Attitude Test Pretest-Posttest Mean Scores

Source of Variance Type lll Sumof  df Mean of F P n?
Squares Squares

Between Groups 22081.484 32

Group (Treatment/Control) 1266.898 1 1266.898 1.887 0.179

Error 20814.586 31 671.438

Within Group 5749.966 33

Measure (Pretest-Posttest) 115.027 1 115.027 0.635 0.431

Measure*Group 22.603 1 22.603 0.125 0.726

Error 5612.336 31 181.043

Total 27831.45 65

(p>0.05)

According to ANOVA results, in Table 8, it was found that factors such as being in different groups and
measurements at different times do not have a significant effect on STEAM attitudes of the treatment group
students, who underwent STEAM-based science teaching, and the control group students, who experienced
STEM-based SAC program, F(1,32) = 0.12, p = .72 > 0.05). In other words, the STEAM attitudes of students in

treatment and control groups do not differ considering the applications.

The Fourth Sub-Problem: What are the views of treatment group students that underwent STEAM-based
science teaching regarding STEAM-based science teaching? Semi-structured interviews were conducted at the
beginning, in the middle, and at the end of the process with the treatment group students who experienced

STEAM-based science teaching. The findings from the content analysis of these interviews are given in Table 9.

Table 9. Initial Views of Gifted and Talented Students on STEAM-Based Science Teaching Process

Theme Category Code f
Views on the Beginning No idea 3 (S3, 54, S5)
of STEAM-Based How the process Continuance of the existing way of 2(S81,52)
Science Teaching works teaching
Process Familiarity with the concept of STEM 2 (S6, 57)
Experiment-oriented lesson delivery 1(S2)

The codes derived from the ideas of gifted and talented students about how the STEAM-based science teaching
process will function are combined under the theme of views on the beginning of the STEAM-based science
teaching process. Only two of the gifted students knew of the concept of STEM but did not know what it
meant. Two of the students stated that the teaching procedure will continue as was before, one of them stated
that experiments will be conducted, and three others had no idea of how the process will work. Some

examples of the views of gifted and talented students regarding these findings are as follows:
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"I think it will be the same as in the first semester.” (S1, M, 10), “You will do experiments like the

activity.” (52, M, 10).

“There is STEM in our school but | don't know what it is.” (S7, M, 10). “I only know what STEM

course stands for.” (S6, F, 10).

Tables illustrating the resultant qualitative findings from the interviews conducted in the middle of the STEAM-

based science teaching process are given as follows.

Table 10. Views of Gifted and Talented Students on STEAM-Based Science Teaching in the Middle of the

Process
Theme Category Code f
Views about the Design goals Facilitating transportation 4(S1, 52,57, S8)
ASK Stage of Using in crowded cities 3 (S4, S5, S6)
Design-Based Using in difficult weather 2 (S9, S10)

Thinking Process

conditions

Importance of the
Design

Being a design made by oneself

5(S6, S7, S8, S9, S10)

Views about the
CREATE Stage of
Design-Based
Thinking Process

Difficulties related
to the CREATE stage

Using and sticking silicone gun

9(S1, S2, S3, 54, S5, 57, S8, S9,
$10)

Points to consider
in the CREATE stage

Aesthetic appearance

8 (S1, S3, 54, S5, S6, S7, S8, S10)

Mathematical Ratio

5(S2, S6, S7, S8, 510)

Durability 3 (S1, S6, S8)
Views about the  Planning the Design Visualizing the process 3(S2, S6, S7)
PLAN stage of Drawing 3 (S6, S8, S9)
Design-Based Producing a variety of ideas 2 (S1, S2)
Thinking Process ~ o rces used in PLAN Peers 1(S1)
the DESIGN stage Teachers 1(S8)
Slide shows 1(54)
Daily life 1(S8)
TUBITAK project 1(S9)
Views about the Technology Led screens 4 (S2, 54, S5, S6)
IMPROVE Stage Auto on and off 2(S1,57)
of Design-Based Automatic card entry 1(S3)
Thinking Process Art Led screen features 3(S2, S4, S5, S6)
Catchy designs 1 (S5)
Aesthetic-looking benches 1(S2)
Symmetrical designs 1 (S6)
Durability Adding railings 3(S2,S57,S8)
Thickening the legs of design 1(S10)

The codes derived from interviews conducted during the STEAM-based science teaching process are combined
under four themes and nine categories related to these themes. Themes related to the “Ask”, “Create”, “Plan”,
and “Improve” stages of the design-based thinking process were identified. As shown in Table 10, facilitating
transportation is the most prevalent among the design goals of gifted and talented students. Considering the

category of views on the importance of their designs, the designs gifted and talented students created on their
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own were of great importance for them. Concerning difficulties related to the theme under the views on the
“Create” stage of the design-based thinking process, nine students stated that they have difficulty in using and
sticking the silicone gun. Students paid the most attention to the aesthetic appearance, then to mathematical
ratio and durability as per the density of codes in the category of the Points to Consider in the “Create” Stage of

the Design. Some examples of the views of gifted and talented students regarding these findings are as follows:

“It could be a solution to transportation. For example, it could be installed in crowded places like
Istanbul Bridge.” (54, M, 10)

“It is very important. Because | created it myself, | have put my efforts into it. This was my own
idea. It is very important to me.” (S8, M, 10)

“Just to stick these two straws... the silicone burned my hand.” (S5, M, 10)

“Yes, | like the letter X, that is why | made the railings like that. Aesthetic is very important; these

were not present. They were worse when they were straight.” (S6, F, 10)
There are two categories under the theme of views on the “Plan” stage of the design-based thinking process.
According to Table 13, gifted and talented students visualized the process, did drawings, and produced a
variety of views when planning the designs. The resources students benefited from at this stage were peers,
teachers, slide shows, daily life, and TUBITAK project that were used in the STEAM-based science teaching

process that week.

“I set up a ratio and did measurement so | could fit these straws over there.” (S1, M, 10)
“I made sure that it was equal since it is not feasible if one is short.” (S2, M, 10)

Moreover, there are three categories as regards technology, art, and durability dimensions of design under the
theme of views on the ‘Improve” stage of the design-based thinking process. Gifted and talented students
mostly maintained adding led screen features in the development stage from both technological and artistic
perspectives. In the improvement of the durability of the design, three students stated that railings could be

added. Some examples of the views of gifted and talented students regarding these findings are as follows:

“For ornamentation, there will be benches, in aesthetic terms per se, where people will sit and
there will be a led screen in the opposite which could be like an open cinema” (56, F, 10).

“Mehmet told me in a play that when he puts on the costume is he playing more because the
costume was so different that day, for example, we always had that costume in our minds, and |
wanted to have it remembered and be like this on the bridge.” (S5, M, 10).

The table related to the resultant qualitative findings of interviews conducted at the end of the STEAM-based

science teaching process is given as in the following.
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Table 11. Views of Gifted and Talented Students on STEAM-Based Science Teaching at the End of the Process

Theme Categories Codes f
Views on Points they think Gaining awareness about STEAM 6 (S1, S2, S4, S6, S7, S11)
STEAM- contribute to STEAM Making a new product 6 (S1, S4, S6, S8, 510, S12)
Based courses Gaining dexterity 3(S1, S2,513)
Science Thoughts on STEAM Creating a new product 7 (S2, S5, S6, S7, 510, S13,514)
Process courses Project-oriented 5(S1, S2, S5, S9, S11)
Entertaining 5(S1, S8, S9, 510, S12)
Learning by doing and trying 5(S3, S8, S11, S14, S15)
Self-learning 3(S9, S10, S15)
Design-oriented 2 (S12,513)
Creative 1 (S4)
Being active 1(S9)
Interesting 1(S3)
They understand using In professional life 10 (S3, S4, S5, S6, S8, 510, S11,
the STEAM learning S12, 514, S15)
outcomes in the future In designing a new product 7 (S2, S3, S8, S11, S13, S14, S15)
In design competitions 1(S9)
In house chores 1 (S15)
Feelings about the Happy 11 (S2, S3, S5, 57, S8, S9, S10,
STEAM process S11, 512,513, S14)
Entertained 7 (81, S3, S5, 57, 510, S11, S12)
Leant 4(S1,S2, 59, S11)
Excited 3(S1, S6, S12)
Empathy 6 (S2, S4, S8, 10, S15)
Confident 3(S2,57,515)
Curious 2 (S1, S5)
Views on the reasons Having no education of STEAM 7 (S1, S3, S6, S9, S10, S14, S15)
for the failure of the ~ Complicatedness of the pretest topic 5(S4, S5, 57,512, 514)
pretest Inexperience 4 (S5, S6, S9, S11)
Limitedness of the pretest topic 3 (S4, 511, S15)
Not being from daily life 3(S7, 512, 514)
Views on the Skill acquisition 31 (S1, S2, 54, S5, S6, S7, S8, S9,
experiences in STEAM S10, S11, S12, 514, S15)
courses Learning 18 (S3, S4, S5, S6, S7, S9, S10,
S11, S12,S13, 514, S15)
Developing positive attitudes towards 2 (S3, S4)
engineering
Awareness as regards STEAM 3(S3, S8, S12)
Difficult points faced Finding ideas 5(S1, S6, S7, S8, S12)
during the STEAM Situations requiring dexterity 5(S1, S4, S5, 510, S13)
course Time constraints 3(S2, S8, S15)
Ensuring durability 2(S3,511)
Coping with difficulties Coming to a conclusion by trying 2 (5S4, 511)
experienced during Teacher support 1(S3)
the STEAM Course Peer support 1 (S5)
Family support 1(S1)
The interesting part of Developing products by oneself 4 (S1, S5, S9, 512)
the process of STEAM Drawing 4 (S6, S10, S12, S14)
course Activities (bag, tower, bridge, water 7 (S9, S10, S11, S4, S7, S13, S8)
slide)
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Making a new product 1(S15)
Views on The processes they Imagining 5(S4, S5, S11, S12, S15)
the design visualize when starting  Trying the ideas that come to mind 4 (S1, S4, S6, S14)
process the design Visualizing 3(S3, 59, S15)
Thinking 3(S1,512,514)
The points they paid Target group 3(S8, S13, S14)
attention to during the Samples 3 (510, S12, S13)
design process Moving from parts to wholes 2 (S7, 515)
Aesthetic appearance 1(S8)

Nine categories belonging to the theme of views on STEAM-based science teaching were determined.
Considering the codes given under the category of gifted and talented students’ views regarding their
experiences in the STEAM course, they acquired a variety of skills such as creating, planning, reconsidering the

waste materials, and designing.

“First we learned what STEAM was, then we did a project about STEAM. This way, we learned
what STEAM stands for, how it was done. Actually, STEAM present in every activity yet we didn't
know what it was, but we learned.” (51, M, 10).

“I never thought I'd be able to make something that has electronics inside or things related to
engineering.” (514, F, 10).
The most difficult situations for gifted and talented students in STEAM courses were those that
required insight and dexterity. Students maintained that they achieved a conclusion by trying to overcome

their difficulties and received support from their peers, teachers, and families.

“I had a bit of a hard time coming up with ideas and closing the joining parts that opened when
cutting the cardboard.” (S6, F, 10).

“Actually, | had trouble finding a problem in producing a product. | come up with ideas but they
require highly advanced technology...” (S7, M, 10).
The most interesting parts for the treatment group students during the course were producing products and
drawing on their own. The other code belonging to this category were the activities carried out throughout the

process. Some examples of the views of gifted and talented students regarding these findings are as follows:

“Because we made them in the classroom, but in the STEAM project | made it at home,
researched myself, and discovered myself.” (S1, M, 10).

“I love art very much. That is why making bags grabbed my attention.” (5§11, F, 10)

Two categories concerning the theme of views on the design process were identified. These categories were
the processes that students visualized when starting the design and the points they paid attention to during the
design process. When starting their designs, gifted and talented students stated that they visualize their
designs in their minds most of the time. It seems that they proceed by trying the ideas that come to their

minds, visualize, and think about the process when starting their design.
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“I was thinking about something by myself. Initially, that first idea | had was not reasonable.
After the second and third, it was reasonable.” (S1)

“At first | visualized them in my mind, then | drew them on a paper, and then | tried to make them

real.” (S9)
The most important points that gifted and talented students focused upon in the design process were the
target group of the design and the samples related to the design. They also stated that they consider
proceeding by moving from parts to wholes very important in the design process and appreciate the aesthetic
appearance of the design. Some examples of the views of gifted and talented students regarding these findings

are as follows:

“At first, how to say its simplest part, | do something normal then adding this to this would be
better, this will better here...” (S7, M, 10).

“To be precise, | was thinking about how it would look better from the outside.” (S8, M, 10)

DISCUSSION AND CONCLUSION

A statistically significant difference was found in favor of the treatment group in terms of the STEAM
performances by the end of STEAM-based science teaching process in the study. Through an experimental
study, Kolsuz (2018) found that STEAM applications improved the science attitudes and scientific process skills
of elementary school third-grade students. The reason behind this has been argued that students produce a
product by doing small designs in STEAM applications. Similarly, this research suggests that developing design-

based STEAM products over the 13 weeks increased STEAM performances of gifted and talented students.

The mean STEAM performance scores of the control group students, who experienced the SAC curriculum,
decreased from pretest to posttest. At this point, it could be argued that the program implemented fall short to
have the gifted and talented students acquire STEAM skills. As the weeks passed by, the treatment group
students became better at developing products by designing and making products related to the subject and
presenting them every week, while the science courses delivered to the control group students were generally
carried out through experiments conducted by the teacher, educational games, and designing models, posters,
etc. Interviews and observations confirmed that STEAM-based science teaching conducted with treatment
group students, increase their motivation in product development and that they participate in the process with
a sense of interest and joy. According to Davis (2006), the motivation of productive students is high. It could be
interpreted that the control group students remained inadequate in this respect and that the program applied
does not increase their motivation. Similarly, it could be argued that control group students are not as
motivated as treatment group students. Control group students left their designs on the paper in posttests and
did not develop any product. Therefore, they received poor scores from the performance criteria related to

product development. This may stem from students not being motivated enough during the process, not being
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interested in what is done in the process, and not learning joyfully. Despite the closeness of the pretest scores
of the treatment and control groups, the significant difference between them in the posttests could be
interpreted as the fact that STEAM-based science teaching practices are quite effective on STEAM

performances of treatment group students.

The gifted and talented students, who underwent STEAM-based science teaching, are able to distinguish how
the tools they use in their daily lives relate to which disciplines of STEAM and believe that this will provide
them an advantage in their daily and prospective professional lives. Sometimes students feel like an engineer,
sometimes like a scientist, and see themselves as someone who has accomplished something important; these
feelings have been observed to increase their productivity and motivation. This way, the positive feelings may
have supported the learning and performance of gifted and talented students. According to Gagne (2004),
motivation is a part of development in gifted and talented individuals helping them to develop an ability, to

learn comprehensively, and to put what they learn into practice.

The only feature that separates the concept of STEAM from STEM is that it includes the art discipline. Creativity
and originality are the basis of art. In this study, both quantitative and qualitative findings and observations
indicated that STEAM-based science teaching improves the creative thinking skills of gifted and talented
students. In interviews, students asserted that as the weeks passed by they were able to create more creative
products. During the first and second week observations, most of the treatment group students were observed
to create similar designs, but the designs differed from each other as of the third and particularly the fourth
week, and the students prioritized creating unique designs. When students were asked to create a unique
STEAM product at the end of the process, they asserted believing that they could better demonstrate their

creativity since there were no topic limits.

Throughout the STEAM-based science teaching process, many gifted and talented students had difficulty in
producing and developing many ideas regarding the fluency and elaboration sub-dimensions of creative
thinking. In addition, a large majority of them experienced producing lots of ideas, shaping and developing their
ideas according to the situation they are experiencing, and so forth. These experiences are the skills that are
related to the fluency, transformation, and evaluation sub-dimensions of creative thinking skills (Davis & Rimm,
1998). At this point, it could be argued that gifted and talented students are able to easily produce lots of ideas,
to creatively transform an object or idea into another idea, and to evaluate the or usefulness of their ideas in

the STEAM-based science teaching process.

The supportive approach of families, their guidance to their children, and participation in school activities help
students become more successful in utilizing and developing their potentials (Afat, 2013). It is thought that one
of the reasons behind the difference between the STEAM performance of the control and treatment groups is

that the practices carried out with the treatment group students as part of STEAM-based science teaching are
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probably carried out with the support of the parents as well. Informing parents about the applications may
have led them to better guide their children's interests and abilities. Here, teacher-parent collaboration during

the research process is thought to have contributed to the positive results obtained in the research.

At the end of the STEAM-based science teaching process, a statistically significant difference was found in favor
of the treatment group in terms of design-based thinking performances. During the STEAM product
development process, gifted and talented students gained the ability to exhaustively think over details and look
from different perspectives using design-based thinking steps. This skill is a sub-dimension of analytical and
creative thinking skills. Silverman (2010) states that gifted and talented students possess analytical thinking
skills. It could be argued that the STEAM-based science teaching process allows gifted and talented students to
acquire analytical and creative thinking skills. Similarly, Hsiao et al. (2017) concluded that the design skills of
the treatment group students who experienced design-based thinking model improved their designing
capabilities more, their products were according to the needs, and design-based thinking improved the
practicality and way of thinking of the students. As per the study results of English and King (2019), by assigning
the designing task, students gained awareness about the problems, learned the basic engineering principles,

and found the opportunity to put the math and science knowledge they previously learned into practice.

The study found that the gifted and talented students visualized the process in their minds first as they began
their designs during the product development stage, proceeded by trying their design-related ideas, and
visualized the accomplished product in their minds. Daniels-McGhee and Davis (1994) define the visualization
ability as mentally mobilizing ideas and reflections and seeing the course through the mind’s eye. Within the
scope of this research, imagining the process and visualizing the product, encompass the skills related to the
plan and imagine steps of design-based thinking skills and developing products through trial and error
encompasses skills related to the create, and improve of its steps. Therefore, it could be argued that the
treatment group students experienced processes and exhibited performances related to imagine, plan, create,
and improve steps of the design-based thinking process. Treatment group students followed strategies such as
moving from parts to wholes when developing products, considering the target group of their designs, and
taking the sample designs into account. They first developed the components of the product by mentally
separating their products into parts and then combining the parts according to their mental image by adding
new formations that sometimes develop in the process. These experiences of students could be associated
with both the analysis sub-dimension of creative thinking and design-based thinking skills. However, it could be
argued that they may have followed through the plan, create, and improve sub-dimensions of design-based
thinking steps as well. Henriksen (2017) argues that STEAM teaching increases the potential for design-based
thinking. Likewise, Cunningham, Lachapelle, and Davis (2018) suggest that the design process offers students

opportunities to put their ideas into practice, apply and test what they learn, and enables permanent learning.
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One of the personality traits of gifted and talented students is their high motivation (Akarsu, 2001; Davaslgil,
2004). Leonard and Derry (2011) assert that design-based science teaching is an effective method for students
to learn science subjects. These kinds of design-based activities increase the motivation of students towards
learning science (Kolodner et al., 2003; Crismond & Adams, 2012). The design activities performed as part of
STEAM-based science teaching increased the motivation of gifted and talented students besides increasing

their willingness to participate in science courses and to learn science.

The most challenging situations in the STEAM-based science teaching process for students were the points
requiring dexterity and time constraints. In the face of these limitations, many of them resorted to trial and
error, while others got support from friends, teachers, or family members. This could be explained by the fact
that the mental development of gifted and talented children remain superior compared to their peers due to
asynchronous developmental characteristics, but the same situation may not apply to their physical
development and motor skills (National Association for Gifted Children (NAGC), 2016). One of the difficulties
observed during the application was the drawbacks of the perfectionist approaches of gifted and talented
students. Davis (2013) asserts that most of the gifted and talented students may experience poor motivation
and moral disorder by not being satisfied with what they are doing since they think the projects or activities
they are doing should be perfect. In addition, during the application process, students had trouble working in
groups and wanted to work individually. According to Senol (2011), students who desire to be independent, as
is one of the noticeable personality traits of gifted and talented students, are challenged in situations where

they need to be involved in teamwork.

Based on the qualitative findings of the research, it could be argued that the design-based thinking process
enables gifted and talented students to develop a positive attitude towards engineering. Some of the
treatment group students asserted that they were against the engineering profession before the design
applications carried out as part of STEAM-based science teaching, while alongside applications they may love
the engineering profession and be able to pursue this profession in the future. In their study on STEM
education, Gilhan and Sahin (2016) reported that students mostly developed attitudes towards the

engineering sub-dimensions of STEM.

By the end of the STEAM-based science teaching process, no statistically significant difference was found
between the treatment and the control groups in terms of STEAM attitudes. Like many psychological variables,
attitudes cannot be observed directly but could be determined based on the behavioral signs that could be
attributed to individuals by inferring from their observable behaviors (Arkonag, 2008; Baysal, 1981). Theories
about the structure of attitudes mostly agree that attitudes are long-term general assessments of socially
meaningful objects, that is, attitudes do not change easily in the face of a new reality, they resist against the
time (Baysal, 1981). From this view, it could be construed that the absence of a statistically significant attitude

change in this study does not mean that students do not have a positive attitude towards STEAM and that the
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duration of the STEAM-based science teaching process was not enough to develop a positive attitude towards
STEAM. The treatment group students were observed to show positive attitudes towards STEAM and STEAM
disciplines throughout the process, this positive attitude was reflected in their performance in the posttests,
and data were collected by conducting interviews to support this observation. At this point, the quantitative
and qualitative findings on attitudes contradicted. To further discuss this result, too many items in the attitude
test are thought to have caused the students to get bored and distracted. Tucker and Hafenstein (1997), Davis
and Rimm (1998), and Akarsu (2001) suggest that gifted and talented students are able to focus and
concentrate on topics that arouse their interests for a long time. However, Chitnum (1994) argues these
verbally fluent children consider the processes that require writing and long reading unpleasant. Based on
these views, gifted and talented students may have experienced processes such as having attention problems
and considering the completion of the test unimportant due to the possibility of having the attitude test
perceived as boring and ordinary. The fact that statistically significant attitude change was not possible to be
measured in this respect could be interpreted as not meaning that the desired attitude does not exist, but that
the duration of the STEAM-based science teaching process was probably not enough to develop a positive

attitude towards STEAM.
RECOMMENDATIONS
The following recommendadions could be made in the light of the resultant findings;

In interviews conducted at the beginning of STEAM-based science teaching with gifted and talented students,
nearly all students were oberserved to have never heard of STEM or STEAM concepts. Only a few students had
heard of these contepts but did not know what they were. Based on this finding and the positive results of
STEAM teaching carried out in this study, the intergration of STEAM education into the secondary school

science curriculum and the students’ exposure to programs based on this education can be recommended.

Considering the fact that STEAM-based science teaching fosters acquisition of higher-order thinking skills (i.e.
analytic thinking, critical thinking, creative thinking, problem-solving, etc.) of 21t Century skills and taking
account of the design-based thinking discussed in this study, the secondary school science curriculum could be

formed according to STEAM.

In STEAM-based science courses, it was noted that some materials required for students to produce individual
products are insufficient in the classroom. In classrooms where STEAM-based science lessons are delivered, it
is important for students to create creative and unique products. Therefore, the SAC science classes could be

provided with a large number of diverse materials.
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Informing parents of the course procedure and activities throughout the STEAM-based science teaching on a
weekly basis was observed to increase students’ awareness, interests, inclinations, and abilities about the

process. Taking account of this result, more emphasis could be placed on parent-teacher cooperation.

Gifted and talented students were observed to create products more rapidly and more problem-oriented as
well as adopt and make more sense of their products when an association is made with daily life while creating
products. Based on this finding, it could be suggested that science lessons be interwined with daily life and that

activities be planned in this way.

In SAC, entitled as STEM school where the application took place, the STEM activities are very limited, and
subject areas generally focus on robotics and coding. Most likely for this reason, students were of opinion that
products can only be produced through coding and the like. Accordingly, STEAM or STEM concepts that are
actually separate from the field of robotics and coding can create design prototypes related to daily life with no
high-level technology required, and the teaching-learning processes can be shaped through applications such

as STEAM teaching conducted in this study.

It was concluded that the STEAM-based science teaching period was insufficient to measure the positive
attitude towards STEAM. Therefore, long-term applied research aiming to develop a positive attitude towards

STEAM can be carried out.

During STEAM-based science teaching, the limits of products that gifted and talented students could produce
expanded and their potential increased as the weeks passed by. Based on this finding, longer-term applied

research can be conducted.
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STEAM TEMELLi FEN OGRETiMiNiN USTUN ZEKALI VE YETENEKLI OGRENCILERIN STEAM
PERFORMANSLARINA TASARIM TEMELLI DUSUNME BECERILERINE VE STEAM
TUTUMLARINA ETKiSi

0z

Arastirmanin amaci, STEAM temelli fen 6gretiminin Ustiin zekali ve yetenekli 6grencilerin STEAM
performanslarina, tasarim temelli disinme becerilerine ve STEAM tutumlarina etkisini
incelemektir. Karma yonteme goére kurgulanan arastirmanin deseni i¢ ice desen destekli
mudahale desenidir. Arastirmanin ¢alisma grubunu 2018-2019 egitim Ogretim yil gliney
illerimizde bulunan bir Bilim ve Sanat Merkezi’'nde Bireysel Yetenekleri Fark Ettirme (BYF)
Programi’'na devam eden 33 besinci sinif O6grencisi olusturmaktadir. Arastirmanin nicel
asamasinda yari deneysel uygulamaya dayali veriler elde edilmis. Nitel asamasinda ise
uygulamalardan once, uygulama siirecinde ve sonrasinda goriisme yapilmistir. Arastirmanin nicel
verileri “STEAM Performans Degerlendirme Formu” (STEAM PDF) ve “Tasarim Temelli Distinme
Performans Degerlendirme Formu” (Tasarim Temelli Disiinme (PDF) ve “STEAM Tutum Testi” ile
nitel verileri gérigsme formu ve gozlemler ile toplanmistir. Nicel verilerin analizi igin karisik
olcimlerde ANOVA testi, nitel veriler icin icerik analizi gerceklestirilmistir. 13 hafta boyunca
STEAM temeli fen dgretimi uygulanan deney grubu ile STEM temelli BILSEM fen bilimleri 6gretim
programi uygulanan kontrol grubu Ogrencileri arasinda STEAM ve tasarim temelli dislinme
performanslari bakimindan istatistiksel olarak anlamli fark bulunmus, STEAM tutumlari
bakimindan bulunamamistir. STEAM temelli fen 6gretimi, Ustlin zekah ve yetenekli 6grencilere
yaratma ve tasarim becerileri, STEAM’e iliskin farkindalik kazandirmis; 6grencilerin mantiksal ve
analitik dislinme becerilerini ise kogsmalarini saglayarak motivasyonlarini arttirmistir.

Anahtar Kelimeler: Fen egitimi, STEAM egitimi, tasarim temelli disiinme, STEAM’e yonelik
tutum, Gstln zekali ve yetenekliler
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GiRiS

21.yy’da, bilim ve teknolojinin ilerlemesi ile lilkeler ekonomik, toplumsal, politik vb. alanlarda yasanan degisim
ve gelismeleri izlemek ve bunlara uyum saglamaya ¢abalamaktadir. Bu degisim ve gelismeler toplumlardaki tim
sistemlerin yani sira egitim sistemini de etkilemektedir. Ulkelerin egitim programlarinda yaptigi diizenlemeler
ve yeniliklerle birlikte ekonomik ve teknolojik rekabetin disinda egitimde de bir rekabet ortami yaratiimaktadir.
Aralarinda Tirkiye’nin de bulundugu otuz dért iilkeden olusan OECD (Ekonomik Kalkinma ve isbirligi Orgiitii),
egitimle ilgili bilgi sahibi olmak igin PISA (The Programme for International Student Assessment) adinda bir
degerlendirme sinavi gergeklestirmektedir. Bu sinav 6grencilerin sadece neyi bildiklerini degil, bildiklerini ve 21.
yy becerilerini gercek yasama uygulayip uygulayamadiklarini da 6lgmektedir. 2012, 2015 ve 2018 yilinda yapilan
PISA sinavinda Tirkiye, fen, matematik ve okuma becerileri alaninda oldukg¢a diisiik puanlar almig tlkeler arasi
siralamalarda alt siralarda kalmistir. Ust siralarda ireten dlkeler bulunmakta, tiretmenin temeli ise 21. yy
becerilerinin yani sira fen, matematik, teknoloji gibi disiplinleri kullanmaktan gegmektedir. PISA gibi uluslararasi
sinavlarda ve diinyada var olan rekabet icerisinde Ust siralarda yer almak, 21. yy’a uygun disiplinler arasi
yaklasimlarin kullaniimasini gerektirmektedir. Bu amagla ABD’de baslatilan bir programla birlikte disiplinler
arasi STEM egitimi programlara girmistir. 21.yy becerilerinden yaraticihigin en iyi sergilenebildigi alanlardan biri
sanat olup, bugiin takdir ettigimiz bilimsel calismalarin ve sanat eserlerinin ortak temelinde yaraticilik
becerisinin yer aldigi gortlmektedir. Hayata gegirilecek yaklagimlarda sanatin ve estetik degerlerin geri plana
atilmamasi gerektigi savunulmus, 2006 yilinda STEM’e sanat entegre edilerek STEAM kavrami olusturulmustur

(Ayvaci ve Ayaydin, 2017).

Ogrenme ve ogretme sirecinin énemli dgelerinden biri olan &gretim programlarinin temellendirildigi
yaklasimlar, 6grenme 6gretme siireci icerisinde 6grencilerin bilgi ve becerileri nasil edinecegi ve edindigi bilgi ve
becerilerin nasil degerlendirilecegi konusunda &gretmenlere yol géstermektedir. Ulkemizde olusturmaci
yaklasima dayal 6gretim programlarinin olusturulmasiyla, 6grencilerin deneyimleri ve bireysel farkhlklarina
dikkat ¢ekilmis, temel yasam becerilerinin yaninda, elestirel diisinme, problem ¢6zme, yaratici diisinme gibi
Ust diizey diisinme becerilerinin de kazandirilmasi hedeflenmistir. Bu hedeflerin gergeklesmesini saglamak
amaciyla siniflarda farkli ydntem ve stratejilerin kullanilmasi gerekmektedir. Ogretim uygulamalari, 8grencilerin
bir problemle karsi karsiya birakilmasi ve gergek diinya ile i¢ ice bir baglamda bu problemin ¢éziimiine yonelik

onlara deneyimler kazandirilmasi seklinde gercgeklestirilmelidir (Jonessen, 1992; Karakus, 2016).

Ogretim programlar kapsaminda, dgrenenleri gercek hayatta karsilasabilecekleri birden ¢ok ¢6ziimi bulunan
ve farkli disiplinleri bir araya getirmelerini gerektiren problem durumlari ile karsilastirmak STEAM egitiminin en
hassas ve dikkat gekici noktasi olarak ele alinmaktadir. (Honey, Pearson & Schweingruber, 2014; Wang, Moore,
Roehrig & Park, 2011; Williams, 2011 akt. Bozkurt Altan, 2017). Gergek yasamda karsilasilan problemler, farkli
disiplinleri iliskilendirmeyi, disiplinlere iliskin sahip olunan bilgi ve becerileri bir araya getirerek ¢6ziime
odaklanmayi gerektirmektedir. Yenilik¢i diisinme yolunda karsilasilan becerilerden tasarim temelli diislinme
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insan odakli, ¢ok disiplinli, optimistik ve deneysel bir kavram olarak tanimlanmis olup STEAM egitimini
gerceklestirme yollarindan biri olarak gériilmektedir (Copurlar ve Oztiirk, 2015). Tasarim temelli STEM
uygulamalarinin fen bilimleri programinda yer alan konu ve kavramlarin 6gretiminde anlamh ve etkili
olabilecegi dislincesinden hareketle tasarim temelli diisinme becerisi 6gretim programlarinda yer almaya
baslamistir. Yildinm ve Altun’a (2015), gére mihendislik tasarim sirecine dayandirilan STEM egitimi,

ogrencilere disiplinler arasi goris acisi kazandirarak, tasarlama ve prototip gelistirme olanagi saglamaktadir.

Boston Bilim Muzesi’nin yiritmis oldugu “Muhendislik Temeldir” projesi cergevesinde sunulan “Mihendislik
Tasarim Sureci” sor, hayal et, planla, yarat, gelistir olmak Uzere bes basamaga dayandirilmaktadir (Cavas ve
Cavas, 2018). Bu arastirmada sozi edilen tasarim temelli diisiinme sirecinin basamaklari temel alinmistir.
Tasarim temelli disinme ve STEAM uygulamalari bireylere liretim odakli olma, elestirel disiinme, yaraticilik,
problem ¢6zme, inovasyon, girisimcilik, Uretkenlik ve sorumluluk gibi 21. yy becerilerini kazandirmayi
amaglamaktadir. STEM' in c¢ikis noktasinin da STEM disiplinleri alanlarindaki yetersiz is glici oldugu
disinuldigiunde, bu alanlardaki ekonomik ve teknolojik rekabet icerisinde galip gelebilmek icin STEAM bilgi ve
becerilerine ve tasarim temelli disinme becerisine sahip bireyler yetistirmek (Ulkelerin oncelikli hedefi
olmustur. Fen bilimlerine ve STEAM disiplinlerine olan ilgileri belirlenmis Ustin zekah ve yetenekli 6grencilerin
ileride nitelikli GrGnler ortaya ¢ikarma potansiyelini bulundurmasi, onlari bu alanlarda yetisecek en 6nemli insan
kaynaklari haline getirmistir (Cepni, 2018 s. 495). Bu gerekgelerden hareketle, Ustiin zekall ve yetenekli

ogrencilerin STEAM ile ilgili calismalar yapmalari ve STEAM ile ilgili mesleklere yonlendirilmeleri gerekmektedir.

Dede ve Yaman (2008), bir derse yonelik tutumun ve motivasyonun basari, 6grenme ve yaraticilik Gzerinde
onemli bir etkisi oldugunu belirtmektedir. Alan yazinda STEAM uygulamalarinin 6grencilerin fen ve diger
STEAM disiplinlerine yonelik tutumlarini olumlu etkiledigine iliskin arastirmalar (Gulhan ve Sahin, 2016; Karisan
ve Yurdakul, 2017; Giilhan ve Sahin, 2018; Ozyurt, Kusdemir Kayiran ve Basaran, 2018) yer almaktadir. Bu
gorisler dogrultusunda, fen bilimleri ve diger STEAM disiplinlerine yonelik olumlu tutum sergileyen 6grencilerin

motivasyonlarinda, beceri gelisimlerinde ve dolayisiyla Uretkenliklerinde artis beklenmektedir.

Alan yazin incelendiginde STEAM egitimine iliskin artan ilgiye karsin, Glkemizde STEAM egitimi ile ilgili yapilan
arastirmalarin oldukga sinirli oldugu gérilmektedir. STEAM ile ilgili yapilan arastirmalar (Bati, Caliskan ve Yetisir,
2017; Giilhan ve Sahin, 2018; Ozkan ve Umdu Topsakal, 2017), grencilerin cogunun STEAM etkinliklerine iliskin
olumlu dusiincelere sahip oldugunu gostermektedir. Bunun yani sira, STEAM etkinliklerinin 6grencilerin
akademik basarilarina ve genel STEAM tutumlarina orta diizeyde anlamh etkisinin oldugu, 6grencilerin bilimsel
yaraticihk dizeylerini gelistirdigi sonuglara ulasilmistir. STEAM egitiminin ilkokul 6grencilerinin yaraticilik
gelisimlerine olan etkisinin incelendigi bir arastirmada (Kim & Park, 2012), bilimsel ilkelere dayanan tasarim ve
uygulama sdrecinin, bilim, sanat ve mihendislik egitiminde yaraticiigin gelistiriimesine yardimci oldugu

sonucuna ulasiimistir.
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Tasarim temelli disiinme ile ilgili fen bilimleri alaninda yapilan uygulamali arastirmalarin (Ercan, 2014; Mercan
Hobek, 2014; Sahin ve Ercan, 2015), tasarim temelli fen 6gretiminin veya miihendislik tasarim sirecinin
ogrencilerin akademik basarilarina, karar verme becerilerine, miihendislik tasarim uygulama stireci becerilerine
etkisini belirlemek ve mihendislik ile ilgili gorislerini ortaya g¢ikarma amaciyla yapildigi gérilmektedir. Yurt
disinda yapilmis tasarim temelli distinme ve STEAM egitiminin bir arada incelendigi bir arastirmada, tasarimin
ve tasarim temelli diisinmenin, sanat, bilim ve diger disiplinler arasinda bir kopri gorevi gérdiigi sonucuna
ulasiimistir (Henriksen, 2017). Ayrica bu arastirmada birgcok 6gretmen STEAM kavramini derslerinde konularina

entegre etmekte zorlandiklarini belirtmislerdir.

STEAM egitimi ve tasarim temelli disiinmenin s6z edilen 6neminden, yapilan arastirmalarin sinirl olmasindan

ve 6grenci tutumunun 6grenmeye olan etkisinden hareketle bdyle bir arastirmaya gereksinim duyulmustur.

Bu baglamda arastirmanin problem ciimlesi, STEAM temelli fen 6gretiminin, Ustiin zekal ve yetenekli
ogrencilerin STEAM performanslarina, tasarim temelli diisinme becerilerine ve STEAM tutumlarina, etkisi
nasildir? seklindedir. Bu problem dogrultusunda asagidaki sorulara yanit aranmistir, (i) STEAM temelli fen
O0gretimi yapilan deney grubu ile kontrol grubu 6grencilerinin 6n test ve son testleri arasinda STEAM
performanslar agisindan anlamli bir fark var midir? (ii) STEAM temelli fen 6gretimi yapilan deney grubu ile
kontrol grubu 6grencilerinin 6n test ve son testleri arasinda tasarim temelli disinme becerileri agisindan
anlamli bir fark var midir? (iii) STEAM temelli fen 6gretimi yapilan deney grubu ile kontrol grubu 6grencilerinin
On test ve son testleri arasinda STEAM tutumlari agisindan anlamli bir fark var midir? (iv) STEAM temelli fen

ogretimi uygulanan deney grubu 6grencilerinin STEAM temelli fen 6gretimine yonelik gorisleri nelerdir?

YONTEM

Bu arastirmanin yéntemi, nicel ve nitel yontem, kavram ve yaklasimlarin birlikte kullanildigi karma yontemdir.
Arastirmada karma yontem desenlerinden i¢ ice desen uygulanmistir. Greene, Caracelli ve Graham (1989)’a
gore karma yéntem kullaniimasinin amaci arastirmadan elde edilen verileri genigletmektir. i¢ ice desende nitel
verilerin deneysel siirecin hangi asamasinda toplandigina dikkat edilir. Bu arastirmada nitel veriler nicel veriler
ile es zamanli olarak deneysel islem oncesinde, sirasinda ve sonrasinda toplanmistir. Karma yontem
arastirmalarinda elde edilen nicel ve nitel verilerin birbirleriyle nasil iliskilendirilerek birlestirildigi 6nemlidir. Bu
arastirmada, nitel verilerin nicel verilerin igerisine gdmulmesi yani nitel verilerin, nicel verileri desteklemek

amaciyla kullanilmasi ile tartisma boliminde birlestirme yapilmistir.
Katiimcilar
Bu arastirmada, 2018-2019 egitim 6gretim yili giiney illerimizde bulunan bir BILSEM’in BYFP’na devam eden

Ustlin zekal ve yetenekli 5. Sinif, 10 yasinda 33 Ogrenci ile cahsilmistir. Bir deney, bir kontrol grubu

1308 Sagat, E. & Karakus, F. (2020). The Effect of Steam-Based Science Teaching on Steam Performence Design
Based Thinking Skills and Steam Attitudes of Gifted and Talented Students, International Journal of
Education Technology and Scientific Researches, Vol: 5, Issue: 13, pp. (1279-1329).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 13 Yil / Year: 2020

belirlenmistir. Deney grubu 6 kiz, 11 erkek olmak lizere 17, kontrol grubu ise 6 kiz, 10 erkek olmak {izere toplam
16 6grenciden olugsmaktadir. Maltese ve Tai (2011;akt. Cepni, 2018) yapmis olduklari bir arastirmada, bilim
insanlarinin % 65’inin fen bilimlerine olan ilgisinin ortaokuldan 6nce basladigini vurgulamiglardir. 5. sinif
diizeyinde bir galisma grubunun arastirma igin uygun olacagl dislinilmistir. Calisma grubunun segcilirken
amacli rnekleme ydnteminden yararlanilmistir. Oncelikle dgrenci sayilarinin en fazla oldugu ve fen bilimleri
dersi alan siniflar bu yontem ile belirlenmis, ardindan hangi sinifin deney grubu olacagina seckisiz atama ile
karar verilmistir. Creswell’e gére (2017), midahale deseninde eger nitel veri deney 6ncesinde, sirasinda ve
sonrasinda toplanacaksa genellikle miidahaleye katilan bireylerin secilmesi daha dogrudur. Bu arastirmada nitel
veriler deney grubu 6grencilerinden elde edilmistir. Deneysel isleme baslamadan deney ve kontrol gruplarinin
denkligini incelemek amaciyla iliskisiz 6rneklemler igin t testi yapilmis olup, t testine iligkin sonuglar Tablo 1'de

verilmistir.

Tablo 1. Deney ve Kontrol Gruplarinin On test Puan Ortalamalarinin iliskisiz Orneklemler icin t-testi Sonuclari

Grup N X S Sd T P
STEAM Performansi Ontest Deney 17 72,8412 8,35801 2,02712 ,375 ,710
Kontrol 16 71,3375 14,11169  3,52792 ,370 ,715
Tasarim Temelli Distinme Deney 17 72,9529 6,90798 1,67543 ,149 ,882
Performansi Ontest Kontrol 16 72,3438 15,26075 3,81519 ,146 ,885
Steam Tutum Ontest Deney 17 247,0000 17,67413  4,28661 1,456 ,155

Kontrol 16  237,0625 21,45839 5,36460 1,447 ,159

(>0.05)

On test sonuglarina gore olusturulan Tablo 1 incelendiginde, deney ve kontrol gruplarinin STEAM ve tasarim
temelli diisinme performanslarina ve STEAM tutumlarina iliskin p degerleri arastirmada kabul edilen 0,05
anlamlilik diizeyinin Ustindedir. Bu dogrultuda deney ve kontrol gruplari arasinda, STEAM performanslari,

tasarim temelli disiinme performanslari ve STEAM tutumlari agisindan anlamli farkhlik bulunmamaktadir.

Veri Toplama Araglari

13 haftalik bir slre¢ boyunca deney grubunda arastirmaci tarafindan STEAM temelli fen Ogretimi
gerceklestirilmis, kontrol grubunda ise STEM’e dayali Bilsem fen bilimleri 6gretim programi uygulanmistir.
Arastirmanin nicel verileri arastirmacilar tarafindan gelistirilen “STEAM PDF”, Tasarim Temelli Distinme PDF ve
Gulhan ve Sahin (2018) tarafindan gelistirilen “STEAM Tutum Testi” ile nitel verileri ise yari yapilandiriimis

goriusme formlari ve yapilandirilmamis gézlem ile toplanmigtir.

Hazirlanan taslak degerlendirme formlari, 6lgme degerlendirme ve STEM alaninda ¢alisan dért uzman goriisiine
sunularak, geribildirimler dogrultusunda son haline getirilmistir. Formlarin gecerlik ve glvenirligi icin uzman
gorus formlarindan elde edilen puanlar dogrultusunda ICC (Intraclass correlation coefficient) puanlayici

glvenirligi analizi yapilmistir. Dort uzman puanlayicidan uzman goéris formlari yoluyla elde edilen puanlarin
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analizi sonucunda korelasyon katsayilari STEAM Performans Degerlendirme Formu igin ICC=0,3, Tasarim Temelli
Dislinme PDF igin ise ICC=0,6'dir. Tasarim Temelli Dislinme PDF'na iliskin korelasyon katsayisi (0,6),
puanlayicilar arasinda Cicchetti'ye (1994) gore iyi, Koo ve Li'ye (2016) gore orta derecede bir uyum oldugunu
gosterirken; STEAM PDF’na iliskin korelasyon katsayisi (0,3) ise, (Cicchetti, 1994) ve (Koo ve Li, 2016)’ye gére
zayif uyum olarak siniflandiriimistir. Bu noktada yapilan korelasyon hesaplamasinin olduk¢a hassas bir dlgim
gerceklestirdigi ve ICC degerinin madde, kategori ve 0Ozellikle uzman sayisindan dogrudan etkilendigi
unutulmamalidir. Uzman puanlayici sayisi arttik¢a giivenirlik degeri dismekte (Nying, 2004) ve bazi durumlarda
puanlayicilar arasinda anlasma yilksek olsa bile diisik degerler goriilebilmektedir. Abedi, Baker ve Herl
(1995)’de performansin olcllmesi calismalarinda puanlayici sayisindaki artisin puanlardaki degiskenlik diizeyini
arttirdigini dolayisiyla giivenirligi diistirdGgini belirtmektedir. Disuk puanlayicilar arasi uyum diizeyleri saglik
hizmetlerinde veya klinik arastirmalarda kabul edilemez ancak sosyal bilimlerde bu gerekgelerden hareketle

degerin distkligu kabul edilebilmektedir.
STEAM Tutum Testi

Arastirmada kullanilan “STEAM Tutum Testi”, Friday Institute (2012) tarafindan gelistirilip, Giilhan ve Sahin
(2016) tarafindan Tirkge’ye uyarlanmis olan STEM Tutum Testi ve Dede (2016) tarafindan gelistirilen Sanata
Karsi Tutum Olgegi’nin birlestirilmesi ile olusturulmustur. 58 maddelik besli likert tipi testin giivenirligi 0,94
olarak hesaplanmistir (Giilhan ve Sahin, 2018). Bu arastirmanin 6n test uygulamasinda ise testin Cronbach
Alpha giivenirlik katsayisi 0,87 olarak tespit edilmistir. Bu degerin 0,80 ile 1,00 arasinda olmasi, testin yiiksek
derecede givenilir oldugunu gostermektedir (Kalayci, 2010). Arastirmada kullanilan STEAM Tutum Testi icin,

arastirmacilar ile mail yoluyla iletisime gecilerek gerekli izinler alinmistir.
Gariisme Formu ve Gériisme Siirecinde Yapilanlar

Hazirlanan yari yapilandirilmis (i¢ gérisme formu, siirecin baslangicinda, ortasinda ve sonunda uygulanmustir.
Sirecin baslangicinda uygulanan gorisme formu (¢ temel ve bu sorulara iliskin g alt sorudan olusmaktadir.
Siirecin ortasinda uygulanan goriisme formu, STEAM PDF ve tasarim temelli diisinme PDF’larinin boyutlari ile
ilgili yedi temel sorudan olusmaktadir. Siirecin sonunda uygulanan goriisme formu ise Ustiin zekali ve yetenekli
ogrencilerin STEAM temelli fen 6gretim siirecindeki yasantilari ve bu yasantilara yonelik duygulari ile ilgili yedi
temel sorudan olusmaktadir. Taslak goriisme formlari nitel arastirmalar dersini ylriten bir 6gretim Uyesi ve
egitim programlari ve 6gretim bélimiinde nitel arastirmalar yapan bir 6gretim lyesinin gorusleri dogrultusunda

diizenlenmistir.

Ustlin zekal ve yetenekli dgrencilerin STEAM temelli fen &gretimi ve tasarim temelli diisiinme becerileri
acisindan hazir bulunusluklarini belirlemek amaciyla deneysel uygulamalar 6ncesinde goriisme yapilmistir.

Uygulamalarin altinci haftasinda STEAM 6grenme siirecine ve tasarim temelli etkinlikler yoluyla kazandiriimaya
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¢alisilan tasarim temelli dlisiinme becerisine yonelik gérismeler yapiimigtir. Deneysel islemler sonunda, STEAM
temelli fen 6gretimine yonelik goriismeler yapilmistir. Her lg gorisme Ogrencilerle birebir gergeklestirilerek,
ses kaydi yapilmistir. Goérligmeler uygulamanin yapildigi merkezde bos bir sinifta liste sirasina gore
gerceklestirilmistir. Sire¢ ortasi gorismelerin siresi on ile on bes dakika arasinda degismektedir. Siire¢ sonu

gorismelerin siiresi ise sekiz ile on alti dakika arasinda degismektedir.
Nitel Boyuta iliskin Gegerlik ve Giivenirlik Calismalari

Nitel arastirmalarda inandiricilik, aktarilabilirlik, tutarlk ve teyit edilebilirlik gegerligi ve glivenirligi saglamada
kullanilan stratejilerdir (Lincoln ve Guba 1985). Bu arastirmada nitel boyutun gegerlik ve givenirligini saglamak
amaciyla aktarilabilirlik, tutarlik ve teyit edilebilirlik gibi stratejiler temel alinmistir. Arastirmaci, 6nceki yillarda
da uygulama okulunda farkli ¢calismalar ve arastirmalar yapmis, derslere uzun sireli katilim saglamistir. Bu
nedenle arastirmaci hem istiin zekali ve yetenekli &grenci profiline hem de BILSEM’ deki isleyise oldukga
asinadir. Deney grubunda STEAM temelli fen 0Ogretim siireci 13 hafta boyunca arastirmaci tarafindan
yiritilmistiir. Kontrol grubunun dersleri ise BILSEM fen bilimleri égretmeni tarafindan, BYFP1 fen bilimleri
Ogretim programina bagh olarak yuritilmustir. Katilimcr onayi, katilimcilarin ve onlarin diisiincelerinin dogru
olarak temsil edildiginden emin olmak icin dogru anlayip anlamadigini sormaktir (Glesne, 2015). Arastirmada
Ustlin zekali ve yetenekli 6grencilerin hizli konusmalari ve konudan konuya ge¢cmelerinden dolayi bu stratejiye
oldukga sik basvurulmustur. Arastirma kapsaminda gozlem ve goriisme yapilarak veri gesitlemesi saglanmistir.
Ayrica arastirmada toplanan tiim veriler ve arastirmanin sonuglar nitel arastirma konusunda deneyimli bir

uzman tarafindan incelenmistir.
Uygulamalar

Arastirmanin deney grubunda merkez disiplin olan fen bilimleri ve STEAM disiplinlerine iliskin kazanimlara
dayali etkinlikler yarattlmustir. Bu etkinlikler tasarim temelli disinme basamaklarina gore gergeklestirilmis ve
ogrencilerin Grlnlerinin STEAM disiplinleri ile olan iliskileri temel alinmistir. Havada en uzun kalan tasarim,
Marshmallow Challenge (Kule tasarimi), Képri tasarimi, Zip zip araba, Cok amagl ¢anta tasarimi, Su kaydirag
etkinlikleri yapilmistir. Kontrol grubunda, Bilgi yarismasi, Madde, Karisimlari ayirma yontemi, Madde doéngiileri,
Solunum sistemi, Tombala, Elektron Mikroskobu, Elektroliz deneyi, Elektronik miknatis etkinlikleri yapilmistir.
Ogretmen akilli tahta, model kullanarak konu anlatma, zihin haritasi, poster olusturma, oyunlar oynatma,

gosteri deneyleri yapma, 6grencilerin elektro miknatis olusturmasi yoluyla dersleri ylritmuastar.
Verilerin Analizi

Deney ve kontrol gruplarinin 6n test-son test 6lcimlerinden elde edilen nicel verilerin normal dagilip

dagilmadigina karar vermek igin Shapiro Wilks normallik testinden yararlaniimigtir. Bu testin kullanilma nedeni
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orneklem blyukliginin deney grubu icin 17 (<50) ve kontrol grubu igin 16 (<50) olmasidir (Yildirim ve Simsek,

2016). Normallik testi sonuglari asagida Tablo 2’de verilmistir.

Tablo 2. Normallik Testi Sonuglari

Sinif Kolmogoro Shapiro
v Simirnov  sd p Wilks sd p

istatistik istatistik
STEAM On-Test Deney Grubu ,195 17 ,086 ,920 17 ,150
Kontrol Grubu ,144 16 '200* ,928 16 ,228
STEAM Son-Test Deney Grubu ,144 17 ,200 ,938 17 ,296
Kontrol Grubu ,170 16 ,200* ,912 16 ,126
TTD On Test Deney Grubu ,144 17 '200* ,927 17 ,195
Kontrol Grubu ,112 16 '200* ,975 16 ,910
TTD Son Test Deney Grubu ,305 17 ,000 ,653 17 ,000
Kontrol Grubu ,221 16 ,036 ,866 16 ,023
STEAM Tutum On Test Deney Grubu ,086 17 ,200* ,984 17 ,984
Kontrol Grubu ,168 16 '200* ,949 16 ,473
STEAM Tutum Son Test Deney Grubu ,117 17 ,200* ,980 17 ,955
Kontrol Grubu ,114 16 ,200* ,979 16 ,955

(p>0.05)

Tablo 2’de goriildugu gibi, STEAM PDF, Tasarim Temelli Diisiinme PDF ve STEAM tutum testine iliskin 6n test
son testlerinden elde edilen puanlarin degerleri (p>0.05) bulunmustur. Yalnizca deney grubunun tasarim
temelli diisinme (TTD) son testine iliskin p degeri (0.00), 0.05 degerinin altindadir. Bu noktada bu teste iliskin
verilerin dagilimi icin aritmetik ortalama, mod, medyan, carpiklik ve basiklik katsayilari gibi istatistiklere
bakilarak betimsel yontemler tizerinden dagilimin normalligi belirlenebilmektedir (Abbott, 2011; Kirk, 2008, akt.
Demir, Saatcioglu ve imrol, 2016). Bu teste iliskin carpiklik degeri 0,58 ve basiklik degeri -0,9’dur. Alanyazinda
carpikhk ve basiklik katsayilarinin 1 sinirlari iginde olmasi normal dagilimin varli§ina kanit olarak
degerlendirilmektedir (Tabachnick ve Fidell, 2013). Degerlerin kabul edilen sinirlar (1) arasinda yer
almasindan hareketle verilerin normal dagilim sergiledigine karar verilmistir. Anlamlilik degerinin p>0.05
olmasi, dagilimin normal oldugunu yani deney grubu ile kontrol grubunun tiim &lglimleri igin 6n test puanlar
arasinda anlamh bir fark olmadigini gostermektedir. Bu dogrultuda nicel veri toplama araglarinin uygulanmasi

ile elde edilen verilerin parametrik testler yardimi ile analiz edilmesine karar verilmistir.

Arastirmada nitel yontemlerle elde edilen verilerin analizi icin igerik analizi yapilmistir. Nitel analizin gtvenirligi
icin Miles ve Huberman (1994) "in 6nerdigi kodlayicilar arasi glvenirlik formali (Gorus Birligi/Goris Birligi+
Gorus Ayrilig)*100 kullanilmistir. Uygulama oncesi, uygulama sireci ve uygulama sonrasi gérismelere iliskin
uyum yizdesi sirasiyla % 90, % 85 ve % 86 dir. Bu degerlerin %70’'in lzerinde olmasi, kodlayicilar arasinda
yuksek diizeyde uyum oldugu ve veri analizinin giivenilir oldugu izlenimi olusturmaktadir (Yildirim ve Simsek,

2008). Arastirmada STEAM temelli fen 6gretim siireci boyunca Ustiin zekah ve yetenekli 6grenciler arastirmaci
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tarafindan goézlemlenmis ve notlar almistir. Uygulama siireci sonunda, gergeklestirilen gdzlemlere iliskin notlar

ile gorismelerden elde edilen sonuglar iliskilendirilerek tartisiimistir.
BULGULAR
Bu béliimde arastirmada elde edilen bulgulara alt problem sirasiyla yer verilmistir.

Birinci Alt Problem: STEAM temelli fen 6gretimi yapilan deney grubu ile kontrol grubu 6grencilerinin 6n test ve
son testleri arasinda STEAM performanslari agisindan anlamli bir fark var midir? Ustiin zekali ve yetenekli
ogrencilerin STEAM’e iliskin performanslari bakimindan STEAM Performans Degerlendirme Formu’ndan almis

olduklari 6n test-son test ortalama puanlari ve standart sapma degerleri Tablo 3'te verilmistir.

Tablo 3. STEAM PDF On Test- Son Test Ortalama Puanlari Ve Standart Sapma Degerleri

On test (STEAM) Son test (STEAM)
Grup N X S N X S
Deney 17 72,8 8,35 17 109,4 4,15
Kontrol 16 71,33 14,11 16 55,04 23,62

Tablo 3’te goruldugl gibi, STEAM temelli fen 6gretimi gergeklestirilen deney grubu 6grencilerinin STEAM
performans ortalamasi deneysel islem dncesi 72,8 iken, deneysel islem sonrasinda 109,4’tiir. BILSEM programi
uygulanan kontrol grubu 6grencilerinin STEAM performans ortalama puanlari sirasiyla 71,33 ve 55,04’tlir. Buna
gore, STEAM temelli fen 6gretimi siireci, deney grubu 6grencilerinin steam performanslarinda artis saglarken,

BILSEM programinin kontrol grubu égrencilerinin steam performanslarinda diisiise neden oldugu sdylenebilir.

iki farkll 6gretime tabi tutulan &grencilerin STEAM performanslarinda deneysel islem &ncesinden sonrasina
gozlenen s6z konusu degisimlerin anlamli bir farklilik gosterip gostermedigine iliskin karisik 6lcimlerde ANOVA

sonuglari tablo 4’te verilmistir.

Tablo 4. STEAM PDF On Test- Son Test Ortalama Puanlarina iliskin ANOVA Sonuglari

Varyansin Kaynagi Tip I sd Kareler F p n?
Kareler Ortalamasi
Toplami
Gruplar arasi 18963,517 32
Grup(deney/kontrol) 12886,645 1 12886,645 65,739 ,000 ,680
Hata 6076,872 31 196,028
Grup ici 19918,569 33
Olglim (6n test-son test) 1702,311 1 1702,311 7,902 ,008 ,203
Olglim*Grup 11537,811 1 11537,811 53,556 ,000 ,633
Hata 6678,447 1 215,434
Toplam 38882,086 65
(p< 0.05)
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Tablo 4 incelendiginde, ANOVA testi sonuglarina gore STEAM temelli fen 6gretimi gergeklestirilen deney grubu
ogrencilerinin STEAM performanslarinda deneysel islem 6ncesi ve sonrasinda anlamli bir farkhhk F(1;32)=53,55,
p< 0.05) vardir ve bu fark deney grubu lehinedir. Deney ve kontrol gruplarinin STEAM performanslarina iliskin
on test-son testleri arasinda anlamh farklilk olmasi deneysel islemin etkililigini gostermektedir. Deney ve
kontrol gruplari arasindaki varyansa iliskin etki biyikligl degerine (n?=0,68) bakilarak, deneysel islemin
etkisinin % 68 oraninda oldugu sdylenebilir. Bunun disinda kalan % 32’lik varyans ise, 6grencilerin birbirleriyle

etkilesimleri, bireysel farkliliklar, okul ve okul disi gevreyle etkilesimleri gibi farkli degiskenlerle agiklanabilir.

ikinci Alt Problem: STEAM temelli fen dgretimi yapilan deney grubu ile kontrol grubu dgrencilerinin 8n test ve
son testleri arasinda tasarim temelli diisiinme becerileri agisindan anlaml bir fark var midir? Ustiin zekali ve
yetenekli 6grencilerin Tasarim Temelli Dislinme Performans Degerlendirme Formu’ndan almis olduklari 6n

test- son test ortalama puanlari ve standart sapma degerleri Tablo 5’te verilmistir.

Tablo 5. Tasarim Temelli Diisinme PDF On Test- Son Test Ortalama Puanlari Ve Standart Sapma Degerleri

On test (TTD) Son test (TTD)
Grup N X S N X S
Deney 17 72,95 6,90 17 120,30 8,11
Kontrol 16 72,34 15,26 16 57,08 25,27

Tablo 5’de gorildugi gibi STEAM temelli fen 6gretimi gerceklestirilen deney grubu 6grencilerinin deneysel
islem oOncesi tasarim temelli diisinme becerisine iliskin performans ortalama puanlari 72,95 iken, deneysel
islem sonrasi 120,30’dur. BILSEM programi uygulanan kontrol grubu égrencilerinin tasarim temelli diisiinme
becerisine iliskin performans ortalama puanlari sirasiyla 72,34 ve 57,08'dir. Buna gére, STEAM temelli fen
dgretimi siireci, deney grubu 6grencilerinin tasarim temelli diisiinme performanslarinda artis saglarken, BILSEM
programinin kontrol grubu 6grencilerinin tasarim temelli diisiinmeye iliskin performanslarinda diisiise neden

oldugu soylenebilir.

iki farkli 6gretim uygulanan 6&grencilerin tasarim temelli disiinme performanslarinda deneysel islem
Oncesinden sonrasina gozlenen s6z konusu degisimlerin anlamli bir farklilik gosterip gostermedigine iligkin

karisik 6l¢imlerde ANOVA sonuglari tablo 6’da verilmistir.

1314 Sagat, E. & Karakus, F. (2020). The Effect of Steam-Based Science Teaching on Steam Performence Design
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Tablo 6. Tasarim Temelli Diisiinme PDF On Test- Son Test Ortalama Puanlarina iliskin ANOVA Sonuglari

Varyansin Kaynagi Tip Il Sd Kareler F P n?
Kareler Ortalamasi
Toplami
Gruplar arasi 24609,824 32
Grup(deney/kontrol)  16792,938 1 16792,938 66,512 ,000 ,682
Hata 7826,886 31 252,480
Grupigi 27471,208 33
Olglim (8n test-son 4244,009 1 4244,009 18,611 ,000 ,375
test)
Olglim*Grup 16158,009 1 16158,009 70,857 ,000 ,696
Hata 7069,190 31 228,038
Toplam 52081,032 65
(p< 0.05)

Tablo 6 incelendiginde, ANOVA testi sonuglarina gére STEAM temelli fen 6gretimi gerceklestirilen deney grubu
ogrencilerinin, tasarim temelli diisinmeye iliskin performanslari, deneysel islem 6ncesi ve sonrasinda anlaml
farklilik F(1;32)=70,85, p< 0.05) gostermektedir ve bu fark deney grubu lehinedir. Deney ve kontrol gruplarinin
tasarim temelli disiinme becerileri 6n test-son testleri arasinda anlamli farklilik olmasi deneysel islemin
etkililigini gostermektedir. Deney ve kontrol gruplari arasindaki varyansa iliskin etki buyikligld degerine
(n?=0,68) bakilarak, deneysel islemin etkisinin % 68 oraninda oldugu sdylenebilir. Bunun disinda kalan % 32’lik
varyans ise, bireysel farkhliklar, 6grencilerin birbirleriyle etkilesimleri, okul ve okul disi cevreyle etkilesimleri gibi

farkh degiskenlerle agiklanabilir.

Uciincii Alt Problem: STEAM temelli fen 6gretimi yapilan deney grubu ile kontrol grubu dgrencilerin 6n test ve
son testleri arasinda STEAM tutumlari agisindan anlamh bir fark var midir? Ustiin zekali ve yetenekli
ogrencilerin STEAM tutumlari bakimindan STEAM Tutum Testi’'nden almis olduklari 6n test- son test ortalama

puanlari ve standart sapma degerleri tablo 7’de verilmistir.

Tablo 7. STEAM Tutum Testi On Test- Son Test Ortalama Puanlari ve Standart Sapma Degerleri

On test Son test
Grup N X S N X S
Deney 17 247,00 17,67 17 248,47 23,17
Kontrol 16 237,06 21,45 16 240,87 19,88

Tablo 7'de goriuldigu gibi, STEAM temelli fen 6gretimi gergeklestirilen deney grubu 6grencilerinin deneysel
islem Oncesi STEAM tutum testi ortalama puani 247,00 iken, bu deger deneysel islem sonrasinda 248,47
olmustur. BILSEM programi uygulanan kontrol grubu 6grencilerinin ortalama puanlari sirasiyla 237,06 ve

240,87’dir.
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iki farkh 6gretim programi uygulanan égrencilerin STEAM tutumlarinda deneysel islem éncesine gére deneysel
islem sonrasinda gozlenen s6z konusu degisimlerin anlamli bir farklihk gosterip gostermedigine iliskin karisik

Olgimlerde ANOVA sonuglari Tablo 8’de verilmistir.

Tablo 8. STEAM Tutum Testi On Test- Son Test Ortalama Puanlarina iliskin ANOVA Sonuglari

Varyansin Kaynagi Tip I Sd Kareler F p n?
Kareler Ortalamasi
Toplami
Gruplar arasi 22081,484 32
Grup(deney/kontrol) 1266,898 1 1266,898 1,887 0,179
Hata 20814,586 31 671,438
Grup igi 5749,966 33
Olglim (6n test-son test) 115,027 1 115,027 0,635 0,431
Olglim*Grup 22,603 1 22,603 0,125 0,726
Hata 5612,336 31 181,043
Toplam 27831,45 65

(p=0,72 >0.05).

Tablo 8 incelendiginde ANOVA sonuglarina gére, STEAM temelli fen egitimi yapilan deney grubu ile STEM’e
dayali BILSEM programi uygulanan kontrol grubunun farkl islem gruplarinda olma ile farkli zamanlardaki
Olgciimi gosteren faktorlerin 6grencilerin STEAM tutumlari Gzerindeki etkisinin anlamli olmadigi bulunmustur,
F(1;32)=0,12, p=0,72 >0.05). Yani deney ve kontrol gruplarindaki 6grencilerin STEAM tutumlari uygulamalara

bagl olarak farkhlik géstermemektedir.

Dérdiincii Alt Problem: STEAM temelli fen 6gretimi uygulanan deney grubu 6grencilerinin STEAM temelli fen
o0gretimine yonelik gorisleri nelerdir? STEAM temelli fen 6gretimi gercgeklestirilen deney grubu 6grencileri ile
sirecin basinda, ortasinda ve sonunda olmak tzere yari yapilandiriimis gérismeler gergeklestirilmistir. Bu

gorusmelere iliskin igerik analizi bulgulari tablo 9’da verilmistir.

Tablo 9. Ustiin Zekali ve Yetenekli Ogrencilerin STEAM Temelli Fen Ogretim Siirecine Yonelik Baslangictaki

Gorusleri
Tema Kategori Kod f
STEAM Temelli Fen Fikri olmama 3 (03,04,05)
Ogretim Sirecinin Surecin nasil isleyecegi Var olan igleyisin stirmesi 2 (01,02)
Baslangicina iliskin Stem kavramina asinalk 2 (06,07)
Gorugler Deney odakli ders isleyisi 1(02)

Ustin zekali ve vyetenekli 6grencilerin, STEAM temelli fen 6gretim siirecinin nasil isleyecegine dair
disincelerinden elde edilen kodlar STEAM temelli fen 6gretim sirecinin baslangicina iliskin gorisler temasi
altinda birlestirilmistir. Ustiin zekal ve yetenekli 6grencilerden yalnizca ikisinin STEM kavramini bildigi ancak ne

anlama geldigini bilmedigi gortlmistir. 2 6grenci var olan ders isleyisine devam edilecegini, 1 6grenci bu
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surecte deney yapilacagini belirtmis, 3 6grenci ise slirecin nasil isleyecegine iliskin fikri olmadigini belirtmistir.

Bulgulara iliskin tstiin zekali ve yetenekli 6grencilerin gorislerinden bazi 6rnekler su sekildedir:

“Bence 1. dénemin aynisi olacak.” (01, E, 10), “Deney yaptiracaksiniz etkinlik gibi.” (02, E, 10), “Bizim okulda
STEM var ama ne oldugunu bilmiyorum.” (07, E, 10), “STEM dersinin agilimini biliyorum sadece.” (06, K, 10).

STEAM temelli fen 6gretim sirecinin ortasinda yapilan gériismelerden elde edilen nitel bulgular Tablo 10’da

verilmistir.

Tablo 10. Ustiin Zekali ve Yetenekli Ogrencilerin STEAM Temelli Fen Ogretimine Yénelik Siire¢ Ortasindaki

Gorusleri
Tema Kategori Kod f
Tasarim Temelli Tasarimin Ulagimi kolaylagtirma 4(01,02,067,08)
Diisiinme hedefleri Kalabalik sehirlerde 3 (04,05,06)
Siirecinin SOR kullanma
Asamasina iliskin Zor hava sartlarinda 2 (09,010)
Gorisler kullanma

Tasarimin énemi

Kendi kendine yaptigi bir
tasarim olmasi

5(06,07,08,09,010)

Tasarim Temelli
Diisiinme
Siirecinin YAP

Yap agamasina
iliskin zorluklar

Silikon tabancasi kullanimi
ve yapistirma

9(01,62,03,04,05,07,08,09,010)

Yap asamasinda

Estetik gborinim

8 (01,03,04,05,06,07,08,010)

Asamasina iliskin dikkat edilen Matematiksel oran 5 (02,06,07,08,010)
Goriisler noktalar Dayaniklilik 3 (01,06,08)
Tasarim Temelli Tasarimin Siireci zihinde canlandirma 3(62,06,07)
Diisiinme planlanmasi Cizim yapma 3 (06,08,09)
Siirecinin Farkli fikirler Gretme 2(01,02)
PLANLA Tasarimin planla Akran 1(01)
. Asamasina asamasinda Ogretmen 1 (08)
lligkin Goriisler yararlanilan Slayt gosterisi 1(04)
kaynaklar Giinliik yasam 1(08)
TUBITAK projesi 1 (09)
Tasarim Temelli Teknoloji Isikli ekran 4 (02,04,05,06)
Diisiinme Otomatik acilip kapanma 2 (01,07)
Surecinin Otomatik karth giris 1(63)
GELISTIR Sanat Isikli ekran dzelligi 3 (02,04,05,06)
. Asamasina Akilda kalici tasarim 1 (05)
Iligkin Gorusler Estetik goriintimlii banklar 1(62)
Simetrik tasarim 1 (06)
Dayaniklilik Korkuluk ekleme 3(02,07,08)
Tasarimin ayaklarinin 1(610)

kahnlastiriimasi

STEAM temelli fen 6gretim siirecinde yapilan gériismelerden elde edilen kodlar dért tema ve bu temalara iliskin

»n o ” o owu

9 kategori altinda birlestirilmistir. Tasarim temelli disiinme siirecinin asamalarindan olan “Sor”, “Yap”, “Planla”
ve “Gelistir” asamalarina iliskin gérusler seklinde temalar belirlenmistir. Tablo 13 incelendiginde, lstlin zekali ve

yetenekli 6grencilerin tasarimlarinin hedefleri arasinda en cok ulasimi kolaylastirma vardir. Tasarimlarinin

Sagat, E. & Karakus, F. (2020). The Effect of Steam-Based Science Teaching on Steam Performence Design
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onemine iliskin gorisler kategorisine bakildiginda Ustlin zekali ve yetenekli 6grenciler igin kendi kendilerine
yapmis olduklari bir tasarim olmasi, tasarimin onlar icin dnemi olmustur. Tasarim temelli diisinme siirecinin
“Yap” asamasina iliskin gorlsler temasi altindaki bu asamaya iliskin zorluklarla ilgili 9 6grenci silikon
tabancasinin kullaniminda ve yapistirmakta zorlandiklarini belirtmislerdir. Tasarimin “Yap” Asamasinda Dikkat
Edilen Noktalar kategorisine ait kod yogunluguna bakilarak tasarim silrecinde, 6grencilerin en fazla estetik
goriinime, daha sonra matematiksel orana ve dayanikliliga dikkat ettikleri gorilmektedir. Bulgulara iliskin

Ustiin zekali ve yetenekli 6grencilerin gorislerinden bazi 6rnekler su sekildedir:

“Ulasima ¢6ziim olabilir mesela istanbul képriisii gibi kalabalik yerlerde kurulabilir.” (04, E,10), “Cok
6nemli. Ciinkii kendim yaptim emedim var kendim diisiindiim. Cok énemli benim igin.” (O8,E,10), “Sadece su iki
pipeti yapistirmakta... Silikon elimi yakt.” (05, E, 10), “Evet, ben X harfini seviyorum o yiizden korkuluklari éyle

yaptim. Estetik cok 6nemli bunlar yoktu diizken ¢ok kétiiydii.” (06, K, 10).

Tasarim temelli diisinme siirecinin “Planla” asamasina iliskin gorisler temasi altinda iki kategori yer almaktadir.
Tablo 13 incelendiginde, Ustiin zekadl ve yetenekli 6grencilerin tasarimlarini planlarken, sireci zihinlerinde
canlandirdig), cizim yaptigi ve tasarima iligkin farkl fikirler irettigi goriilmektedir. Ogrencilerin bu asamada
yararlandigi kaynaklar ise, akran, 6gretmen, STEAM temelli fen Ogretimi siirecinde o hafta kullanilan slayt

gosterisi, glinliik yasamlari ve TUBITAK projesi olmustur.

“Su pipetleri suraya sigdirabilmek icin oran kurdum élciim falan yaptim.” (01, E, 10), “Esit olmasina

dikkat ettim ¢iinkii biri kisa olsa olmaz.” (02, E, 10)

Tasarim temelli diisinme sirecinin “Gelistir’” asamasina iliskin gorisler temasi altinda tasarimin teknoloji,
sanat ve dayaniklilik boyutlarina iliskin olarak (i¢ kategori yer almaktadir. Ustiin zekali ve yetenekli dgrenciler
tasarimlarini hem teknolojik hem de sanatsal olarak gelistirme asamasinda en fazla isikh ekran 6zelligi ekleme
seklinde goris bildirmistir. Tasarimin dayanikhhgina iliskin gelistirmede ise 3 6grenci korkuluk eklenebilecegini

soylemistir. Bulgulara iliskin Gstiin zekali ve yetenekli 6grencilerin gorlslerinden bazi érnekler su sekildedir:

“Sis icin ashnda estetik agcidan banklar olacak insanlar oturacak karsida isikli bir ekran olacak agik
sinema gibi olabilir.” (06, K, 10), “Mehmet bana bir oyunda demisti ki o kostiimii giyince daha mi oynuyor ¢iinkii
kostiim ¢ok degisik farkliydi o giin mesela aklimizda hep o kostiim kalmisti képriide bunun gibi olsun akillarda

kalsin istedim.”(05,E,10).

STEAM temelli fen 6gretim siirecinin sonunda yapilan goriismelerden elde edilen nitel bulgular Tablo 11’'de

verilmistir.
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Tablo 11. Ustiin Zekal ve Yetenekli Ogrencilerin STEAM Temelli Fen Ogretimine Yonelik Stire¢ Sonundaki
Gordisleri
Tema Kategoriler Kodlar f
STEAM derslerinin katkisi  STEAM’e iliskin farkindalik kazanma 6 (01,02,04,06,07,011)
STEAM oldugunu diistindiikleri Yeni bir tiriin yapma 6 (01,04,06,08,010,012)
Temelli noktalar El becerisi kazanma 3(01,02,013)
Fen STEAM derslerine iliskin Yeni Grln olusturma 7
Ogretim diisiinceler (02,05,06,07,010,013,014)
Surecine Proje odakli 5 (01,02,05,069,011)
Iligkin Eglenceli 5 (01,08,09,610,012)
Gordsler Deneyerek yaparak dgrenme 5(03,08,011,014,015)
Kendi kendine 6grenme 3 (09,010,015)
Tasarim odakli 2 (012,013)
Yaratici 1(04)
Aktif olma 1 (09)
ilging 1(03)
STEAM kazanimlarini Meslek yasantisinda 10(03,04,05,06,08,010,011,
ileride kullanacaklari 012,014,015)
alanlar Yeni bir Girlin tasarlamada 7
(02,03,08,011,013,014,015)
Tasarim yarismalarinda 1 (09)
Ev islerinde 1 (015)
STEAM siirecine iliskin Mutlu 11(02,63,05,07,08,09,010,
duygulari 011,012,013,014)
Eglenmis 7
(01,03,05,07,010,011,012)
Ogrenmis 4 (01,02,09,011)
Heyecanli 3(01,06,012)
Empati 6 (02, 04,08,010,15)
Ozgiivenli 3(02,07,015)
Merakli 2 (01,05)
Ontestin basarisizhiginin STEAM egitimi almamis olma 7
nedenlerine iliskin (01,03,06,09,010,014,015)
gorisler Ontest konusunun karmasikligi 5 (04,05,067,012,014)
Deneyimsizlik 4 (05,06,09,011)
Ontest konusunun sinirhiligs 3(04,011,015)
Yasamdan olmama 3(07,012,014)
STEAM derslerindeki Beceri kazanma 31(61,02,04,05,06,07,
deneyimlerine iligkin 08,09,010,0611,012,014,015
gorisleri )
Ogrenme 18(03,04,05,06,07,09,010,
011,012,013,014,015)
Miihendislige karsi olumlu tutum 2 (03,04)
gelistirme
STEAM'e iliskin farkindalik 3(03,08,012)
STEAM ders siirecinde Fikir bulma 5(01,06,07,08,012)
zorlanilan noktalar El becerisi gerektiren durumlar 5(01,04,05,010,013)
Zaman kisitlilig 3(62,08,015)
Dayanikhligi saglama 2(03,011)
STEAM ders sirecinde Deneyerek sonuca ulasma 2 (64,011)
yasanan zorluklari asma Ogretmen yardimi 1(03)
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durumlar Akran yardimi 1 (05)
Aile yardimi 1(01)
STEAM ders siirecinde ilgi Kendi kendine iiriin gelistirme 4 (01,05,09,012)
cekici kisim Gizim yapmak 4 (06,010,012,014)
Etkinlikler (canta, kule, kdpri, su 7(69,010,011,04,07,013,08)
kaydiragi
Yeni bir tiriin yapmak 1(015)
Tasarim Tasarima baslarken Zihinde kurgulama 5(04,05,011,012,015)
Sirecine  zihinlerinden gegirdikleri Zihne gelen fikirleri deneme 4(01,04,06,014)
iliskin sliregler Zihinde canlandirma 3(03,09,0615)
Gorusler Diislinme 3(01,012,014)
Tasarim siirecinde dikkat Hedef kitle 3(08,013,014)
ettikleri noktalar Ornekler 3(0610,012,013)
Pargadan biitiine gitme 2 (67,015)
Estetik gériiniim 1(068)

STEAM temelli fen dgretim siirecine iliskin gériisler temasina ait 9 kategori belirlenmistir. Ustiin zekali ve
yetenekli 6grencilerin STEAM derslerindeki deneyimlerine iliskin gorUsleri kategorisi altindaki kodlar
incelendiginde, 6grencilerin yaratma, planlama, atik malzemeleri degerlendirme, tasarim gibi birgok farkli
beceri kazandiklari goriilmektedir.

“Once STEAM' in ne oldugunu 6g§rendik ondan sonra STEAM ile ilgili proje yaptik iste STEAM’ in acihmini, nasil
yapildigini 6§rendik yani her etkinlikte aslinda STEAM var ama ne oldugdunu bilmiyorduk ama é§rendik.” (01, E,
10). “Ben mesela daha énce hic icinde elektronik olan bir seyi, miihendislikle ilgili seyleri yapabilecegimi
diisiinmemistim.” (014, K, 10).

Ustiin zekall ve yetenekli 6grencilerin STEAM derslerinde en ¢ok zorlandiklari durumlarin fikir bulma ve el
becerisi gerektiren durumlar oldugu gorilmistir. Zorlandiklari durumlari asmada deneyerek sonuca
ulastiklarini, akranlarindan, 6gretmenlerinden ve ailelerinden yardim aldiklarini belirtmislerdir.

“Fikir bulmakta biraz, birazda kartonu keserken birlesme yerleri agiliyordu onlari yaparken zorlandim.” (06, K,
10). “Aslinda sonunda bir liriin lretmede problem bulmakta zorlandim aklima fikirler geliyor ama ¢ok ileri
teknoloji gerekiyordu...” (07, E, 10).

Deney grubu 6grencilerinin ders sliresince en cok ilgilerini ceken kisimlar kendi kendine Griin gelistirmek ve
¢izim yapmak olmustur. Bu kategoriye ait diger kod ise siire¢ boyunca yapilan etkinlikler olmustur. Bulgulara
iliskin Gstlin zekali ve yetenekli 6grencilerin gorislerinden bazi 6rnekler su sekildedir:

“Ciinkii onlari sinifta yaptik ama STEAM projesinde ben evde yaptim kendim arastirdim kendim buldum.” (01, E,
10), “Ben sanati ¢ok seviyorum bu yiizden ¢anta yapmamiz cok ilgimi cekmisti. “ (011, K, 10).

Tasarim sirecine iliskin gorusler temasina ait iki kategori belirlenmistir. Bu kategoriler; 6grencilerin tasarima
baslarken zihinlerinden gegirdikleri siirecler ve tasarim siirecinde dikkat ettikleri noktalar seklindedir. Ustiin
zekali ve yetenekli 6grenciler tasarimlarina baslarken en ¢ok, tasarimlarini zihinde kurguladiklarina yonelik
gorls bildirmislerdir. Tasarimlarina baslarken zihinlerine gelen fikirleri deneyerek ilerledikleri, zihinde

canlandirma yaptiklari ve stireci distindiikleri goriilmektedir.
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“Aklimdan bir sey diistiniiyordum éncelikle o ilk disiindiigiim genellikle olmuyordu. Ondan sonrakinde ikincide
iigiinciide oluyordu genellikle.” (01), “llk basta zihnimde canlandirdim sonra onlari kdgida cizdim ondan sonra

da gercek hayata gecirmeye calistim.”(09)

Ustiin zekal ve yetenekli dgrencilerin tasarim siirecinde en ¢ok dikkat ettikleri noktalar ise tasarimin hedef
kitlesi, tasarima iliskin 6rneklerdir. Ayrica tasarim siirecinde pargadan bitiine giderek ilerlemeyi ve tasarimin
estetik bir gérinime sahip olmasini 6nemsediklerini belirtmislerdir. Bulgulara iliskin Gstlin zekali ve yetenekli

Ogrencilerin goruslerinden bazi 6rnekler su sekildedir:

“Basta en basit yerini nasil diyeyim normal bir sey yapiyorum sonra listiine bunu buna ekleyim daha giizel olur
bu buraya daha giizel olur...” (07, E, 10), “Yani nasil disaridan daha giizel gériiniir diye diisiiniiyordum.” (08, E,
10)

TARTISMA ve SONUC

Arastirmada STEAM temelli fen 6gretim siireci sonunda, STEAM performanslari bakimindan deney grubu lehine
istatistiksel olarak anlaml bir fark bulunmustur. Kolsuz (2018) tarafindan yapilan deneysel bir arastirmada
STEAM uygulamalarinin ilkokul tG¢tincl sinif 6grencilerinin fene yénelik tutumlarini ve bilimsel stireg becerilerini
gelistirdigi tespit edilmistir. Bunun nedeninin, STEAM uygulamalarinda &grencilerin kiiglik tasarimlar yaparak
ortaya bir Grlin ¢ikarmasi oldugu belirtilmistir. Bu arastirmada da benzer sekilde, Ustiin zekali ve yetenekli
ogrencilerin 13 haftalik bir slire¢ boyunca tasarim temelli STEAM Urlnleri gelistirmelerinin, onlarin STEAM

performanslarindaki artisi sagladig distinilmektedir.

BILSEM fen bilimleri 6gretim programi uygulanan kontrol grubu égrencilerinin STEAM performanslarina yénelik
ortalamalarinda 6n testten son teste diisis gorilmustir. Bu noktada, uygulanan programin Ustlin zekali ve
yetenekli 6grencilere STEAM becerileri kazandirmada yetersiz oldugu soylenebilir. Deney grubu 6grencileri her
hafta konuya iligkin Grlin tasarlayip yaparak ve urtnlerini sunarak haftalar gectikce uriin gelistirmede daha iyi
duruma gelirken, kontrol grubu 6grencileri ile yiritilen fen bilimleri dersleri, genelde 6gretmenin yaptigi
deneyler, egitsel oyunlar ve konuya iliskin model, poster vb. tasarlama seklinde ylratilmustir. Deney grubu
ogrencileri ile gergeklestirilen STEAM temelli fen 6gretiminin, Ogrencilerin Uriin gelistirmeye yonelik
motivasyonlarini arttirdigl, ilgiyle ve mutlulukla siiregte yer aldiklari yapilan goériismeler ve gozlemlerle
dogrulanmaktadir. Davis (2006)’ e gore uretken Ogrencilerin motivasyonlari yiksektir. Kontrol grubu
ogrencilerinin bu bakimindan yetersiz kaldigi ve uygulanan programin 6grencilerin motivasyonlarini arttirmadigi
biciminde yorumlanabilir. Benzer olarak kontrol grubu o6grencilerinin deney grubu o6grencileri kadar
gldilenememis olduklari séylenebilir. Kontrol grubu 6grencilerinin son testlerde tasarimlarini kagit tzerinde
biraktiklari ve bir Uriin gelistirmedikleri gorilmustir. Dolayisiyla Griin gelistirme ile ilgili performans
Olgltlerinden  dislik  puanlar  almislardir.  Bu  durum  6grencilerin  slire¢  boyunca yeterince

gldilenememelerinden, sirecte vyapilanlara ilgi duymamalarindan ve eglenerek 06grenmemelerinden
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kaynaklanmis olabilir. Deney ve kontrol gruplarinin dntest puanlari birbirine ¢ok yakinken, son testlerde gruplar
arasinda 6nemli bir fark olusmasi, STEAM temelli fen 6gretimi uygulamalarinin deney grubu 6grencilerinin

STEAM performanslari lizerinde oldukga etkili oldugu bigiminde yorumlanabilir.

STEAM temelli fen 6gretimi gercgeklestirilen UGstiin zekal ve yetenekli 6grenciler, glinliik yasamlarinda kullandig
arag gereglerin STEAM’in hangi disiplinleri ile nasil bir iliskisi oldugunu fark edebilmekte, giinlik yasamlarinda
ve ileride meslek hayatlarinda bunun kendileri icin bir kazang saglayacagini diisiinmektedirler. Ogrenciler bazen
kendilerini muihendis gibi, bazen bir bilim insani gibi hissettiklerini ve kendilerini 6nemli isler basaran bir kimse
gibi gordiklerini belirtirken; bu hislerin onlarin Uretkenliklerini ve motivasyonlarini arttirdigi gézlenmistir.
Boylelikle olumlu duygular Gstiin zekdlh ve yetenekli 6grencilerin 6grenmelerini ve performanslarini
desteklemistir. Gagne (2004)’'e goére, motivasyon Ustiin zekali ve yeteneklilerde bir yetenegin ortaya
¢ikmasinda, kapsamh 06grenmelerinde ve 6grendiklerini uygulamaya gecgirmelerinde yardimcidir ve

gelisimlerinin bir parcasidir.

STEAM kavramini STEM’den ayiran tek Ozellik sanat disiplini icermesidir. Sanatin temelinde yaraticilik ve
Ozglinlik yer almaktadir. Bu arastirmada da gerek nicel gerekse nitel bulgular ve yapilan gézlemler STEAM
temelli fen o6gretiminin Ustin zekal ve yetenekli 6grencilerin yaratici diisinme becerilerini gelistirdigini
gostermistir. Yapilan gorismelerde 6grenciler haftalar gectikge daha vyaratici Grinler olusturabildiklerini
belirtmiglerdir. Birinci ve ikinci haftaya iliskin gbzlemlerde deney grubu 6grencilerinin gogunun birbirine benzer
tasarimlar yaptigl ancak Ugilinci ve ozellikle dérdiinci haftadan itibaren tasarimlarin birbirinden farklilastigi,
dgrencilerin 6zgiin tasarimlar yapmaya 6zen gosterdigi gozlenmistir. Ogrenciler ile yapilan gériismelerde
surecin sonunda 6zgiin birer STEAM uriin olusturmalari istendiginde, konu siniri olmadigindan yaraticiliklarini

daha iyi ortaya koyabileceklerini diisiindiklerini belirtmislerdir.

STEAM temelli fen 6gretim sireci boyunca Ustiin zekali ve yetenekli 6grencilerin bircogunun yaratici
disinmenin akicilik ve ayrintilandirma alt boyutlarina iliskin olarak ¢ok sayida fikir Giretmede ve fikirlerini
gelistirmede zorlandiklari gorilmistir. Bunun yani sira blylk bir ¢ogunlugunun cok sayida fikir Gretme,
fikirlerini icinde bulunduklari duruma goére sekillendirip gelistirme gibi deneyimler yasadiklari gérilmistir. Bu
deneyimler, yaratici didsiinme becerisinin akicilik, donidstiirme ve degerlendirme alt boyutlarina iliskin
becerilerdir (Davis ve Rimm, 1998). Bu noktada Ustiin zekali ve yetenekli 6grencilerin STEAM temelli fen
ogretimi siirecinde ¢ok sayida akici bir sekilde fikir Grettikleri, bir nesne ya da fikri baska bir fikir icin yaratici bir

sekilde donustirdikleri ve fikirlerinin uygunlugunu ya da yararhhgini degerlendirebildikleri sdylenebilir.

Ailelerin destekleyici yaklasimi, cocuklarina rehberlik etmesi ve okul etkinliklerine katihmi ile 6grenciler
potansiyellerini kullanmada ve gelistirmede daha basarili olmaktadirlar (Afat, 2013). Kontrol grubu ile deney
grubunun STEAM performanslari arasindaki farkliligin nedenlerinden birinin de, deney grubu 6grencileri ile

STEAM temelli fen 6gretimi cercevesinde gerceklestirilen uygulamalarin velilerin de destegiyle yaritilmus
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olmasi olabilecegi disinilmektedir. Gergeklestirilen uygulamalardan ailelerin haberdar edilmesi, onlarin
cocuklarinin ilgi ve yeteneklerini daha iyi yonlendirmelerine neden olmustur. Arastirma silreci boyunca
gercgeklestirilen 6gretmen veli isbirliginin arastirma sonucunda elde edilen olumlu sonuglara katki sagladigi

disinilmektedir.

STEAM temelli fen 6gretim siireci sonunda, tasarim temelli diisinme performanslari bakimindan deney grubu
lehine istatistiksel olarak anlamli bir fark bulunmustur. Ustiin zekali ve yetenekli dgrenciler STEAM iriini
gelistirme sirecinde, tasarim temelli dusinme basamaklarini kullanarak, ayrintilar (zerinde detayli
disiinebilme ve farkli goris agilarindan bakabilme becerisi kazanmislardir. Bu beceri, analitik disiinme ve
yaratici diisinme becerilerinin alt boyutu niteligindedir. Silverman (2010), Ustiin zekal ve yetenekli 6grencilerin
analitik diistinme becerisine sahip olduklarini belirtmistir. STEAM temelli fen 6gretim siirecinin Ustiin zekali ve
yetenekli 6grencilere analitik dlisinme ve yaratici disinme becerisi kazanma olanagi sagladigi soylenebilir.
Benzer olarak, Hsiao vd. (2017), tasarim temelli disinme modeli uygulanan deney grubu 6grencilerinin tasarim
yeteneklerinin daha cok gelistigi, Grunlerinin ihtiyaca yonelik oldugu, ayrica tasarim temelli disiinmenin
Ogrencilerin pratikligini ve diisinme bigimlerini gelistirdigi sonucuna ulasmistir. English ve King (2019)’in yapmis
oldugu arastirmanin sonuglarina gore ise, tasarlama gorevinin verilmesi ile 6grenciler, problemleri hakkinda
farkindalk kazanmis, temel mihendislik ilkelerini 6grenmis, daha 6nce 6grenmis olduklari fen ve matematik

bilgisini uygulama olanagi bulmusglardir.

Ustiin zekal ve yetenekli dgrencilerin iiriin gelistirme asamasinda tasarimlarina baslarken &ncelikle siireci
zihinlerinde kurguladiklar, tasarimla ilgili fikirlerini deneyerek ilerledikleri ve Grinln bitmis halini zihinlerinde
canlandirdiklari sonucuna ulasiimistir. Daniels- McGhee ve Davis (1994) zihinde canlandirma yetenegini, fikirler
ve yansimalari zihinsel olarak harekete gecirme ve gidisati akil gozi ile gérme olarak tanimlamaktadir. Bu
arastirma kapsaminda siireci zihinde kurgulama ve (riini zihninde canlandirma, tasarim temelli disiinme
becerisinin planla ve hayal et basamaklarina; deneme yanilma yolu ile Griin gelistirme, yap ve gelistir
basamaklarina iliskin becerileri kapsamaktadir. Boylelikle deney grubu 6grencilerinin, tasarim temelli diisinme
sirecinin hayal et, planla, yap ve gelistir basamaklarina iliskin sirecler yasadiklari ve performanslar
sergiledikleri soylenebilir. Deney grubu 6grencileri, Grin gelistirirken parcadan bitiine gitme, tasarimlarinin
hedef kitlesini dikkate alma ve 6rnek tasarimlari dikkate alma gibi stratejiler izlemislerdir. Uriinlerini
zihinlerinde pargalara ayirarak oénce Griiniin bilesenlerini gelistirmis, ardindan pargalari zihinlerindeki kurguya
gore, bazen siirecte gelisen yeni olusumlari da ekleyerek birlestirmislerdir. Ogrencilerin bu deneyimleri hem
yaratici disiinmenin analiz alt boyutuyla hem de tasarim temelli disiinme becerisiyle iliskilendirilebilir. Bununla
birlikte tasarim temelli disinme basamaklarinin planla, yap ve gelistir alt boyutlarina ait performanslari
gerceklestirmis olduklari da séylenebilir. Henriksen (2017), STEAM 06gretiminin, tasarim temelli distinme

potansiyelini arttirdigini belirtirken benzer olarak Cunningham, Lachapelle & Davis (2018), tasarim sirecinin
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ogrencilere, fikirlerini eyleme gegirme, 6grendiklerini uygulama, test etme ve kalici 6grenmeyi saglamak igin

olanaklar sundugunu ileri stirmektedir.

Ustiin zekali ve yetenekli dgrencilerin kisilik dzelliklerinden biri yiiksek motivasyona sahip olmalaridir (Akarsu,
2001; Davasligil, 2004). Leonard ve Derry (2011), tasarim temelli fen 6gretiminin, 6grencilerin fen konularini
ogrenmeleri icin etkili bir yontem oldugunu sdylemektedir. Gergeklestirilen bu tir tasarim temelli etkinlikler
ogrencilerin fen 6grenimine yénelik motivasyonunu arttirmaktadir (Kolodner vd., 2003; Crismond ve Adams,
2012). Arastirmada STEAM temelli fen 6gretimi ¢ergevesinde gerceklestirilen tasarimsal etkinlikler, tstln zekali
ve yetenekli Ogrencilerin fen bilimleri dersine katilmaya ve fen 6grenmeye karsi isteklerinin yani sira

motivasyonlarini arttirmistir.

STEAM temelli fen 6gretim siirecinde 6grencilerin en ¢ok zorlandigi durumlar, el becerisi gerektiren noktalar ve
zaman kisithhg olmustur. Bu sinirliliklar karsisinda ¢ogu deneme yanilma yoluna basvurmus, bazilar ise
arkadaslarindan, 6gretmeninden ya da aile bireylerinden yardim almistir. Bu durum, Ustlin zekal ve yetenekli
cocuklarin es zamanli olmayan gelisim 0zelliklerinden dolayi zihinsel gelisimleri yasitlarinin istiinde olmasina
karsin fiziksel gelisimleri ve motor becerileri i¢in ayni durumun gecerli olmayabilmesi (National Association for
Gifted Children (NAGC), 2016) ile agiklanabilir. Uygulama sirasinda goézlenen gigliklerden biri de Ustiin zekali ve
yetenekli 6grencilerin milkemmeliyetci yaklasimlarinin dezavantajlari olmustur. Davis (2013), Ustin zekah ve
yetenekli 6grencilerin bircogunun, yaptiklari projelerin ya da aktivitelerin mikemmel olmasi gerektigini
disindiginden, yaptiklarindan tatmin olmayarak motivasyon disiikligii ve moral bozuklugu yasayabildiklerini
belirtmektedir. Bunun yani sira, uygulamalar siirecinde 6grencilerin grup calismasinda zorluklar yasadiklari ve
bireysel ¢alismayi istedikleri gérilmistir. Senol (2011)’a gore Ustiin zekdl ve yetenekli 6grencilerin belirgin
kisilik 6zelliklerinden olan bagimsiz olma istegine sahip olan 6grenciler takim ¢alismasi icerisinde bulunmalari

gereken durumlarda zorlanmaktadir.

Arastirmada elde edilen nitel bulgulardan hareketle tasarim temelli distinme sirecinin, Ustliin zekal ve
yetenekli 6grencilerin mihendislige karsi olumlu tutum gelistirmelerini sagladigi ileri strilebilir. Deney grubu
ogrencilerinden bazilari, STEAM temelli fen 6gretimi cercevesinde gercgeklestirilen tasarimsal uygulamalarin
oncesinde mihendislik meslegine karsi mesafeliyken, uygulamalarla birlikte muhendislik meslegini
sevebildiklerini ve ileride bu meslegi yapabileceklerini belirtmislerdir. Giilhan ve Sahin (2016)’in yapmis oldugu
STEM egitimi ile ilgili arastirmada 6grencilerin STEM alt boyutlarindan en ¢ok mihendislik alt boyutuna iliskin

tutumlarinin gelistigini belirtmislerdir.

STEAM temelli fen 6gretim silireci sonunda, STEAM tutumlari bakimindan deney grubu ile kontrol grubu
arasinda istatistiksel olarak anlamli bir fark bulunamamistir. Birgok psikolojik degisken gibi tutum da dogrudan
gozlenemez ancak bireylerin gozlenebilen davranislarindan ¢ikarim vyapilarak bireylere atfedilebilir yani

davranissal belirtilere dayanilarak saptanabilir (Arkonag, 2008; Baysal, 1981). Tutumun yapisiyla ilgili kuramlar,
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tutumlarin sosyal agidan anlamli nesnelere iliskin oldukg¢a uzun sireli ve genel degerlendirmeler oldugu
konusunda ¢ogunlukla hemfikirdirler, diger bir ifadeyle tutumlar yeni bir gercek karsisinda kolayca degismez,
zamana direng gosterirler (Baysal, 1981). Bu goriisten hareketle, bu arastirmada istatistiksel anlamda tutum
degisiminin anlamli olmamasi, 6grencilerde STEAM’e yonelik olumlu tutumun olmadigi anlamina gelmedigi,
STEAM temelli fen 6gretim slirecinin STEAM’e yonelik olumlu tutum gelistirebilmek agisindan yeterli bir siire
olmadigi biciminde yorumlanabilir. Deney grubu 6grencilerinin STEAM’e ve STEAM disiplinlerine iliskin olumlu
tutum sergiledikleri stire¢ boyunca gézlenmis, bu olumlu tutum son testlerde performanslarina yansimig olup
gerceklestirilen goriismelerde de bu gdzlemi destekler nitelikte veri toplanmistir. Bu noktada tutum ile ilgili elde
edilen nicel bulgular ile nitel bulgular zithk géstermektedir. Bu sonug tartisildiginda; uygulanan tutum testinin
madde sayisinin fazla olmasinin, 6grencilerin sikilmasina ve dikkatlerinin dagilmasina neden oldugu
distnulmektedir. (Tucker ve Hafenstein, 1997; Davis ve Rimm, 1998; Akarsu, 2001) Ustiin zekal ve yetenekli
ogrencilerin, ilgilerini ceken konulara uzun siireli odaklanabildikleri, yogunlasabildiklerini, buna karsin Chitnam
(1994), ise, sozli olarak akici olan bu cocuklarin yazma ve uzun siire okuma gerektiren siregleri tatsiz
bulduklarini, ileri sirmektedir. Bu gorislerden hareketle, Gstiin zekali ve yetenekli 6grencilerin tutum testini
sikici, siradan olarak algilama olasiliklarina bagli olarak dikkat problemi yasamis olma ve testi doldurma isini
onemsememe gibi siirecler yasamalarina neden olabilecegi izlenimi olusmustur. Bu dogrultuda istatistiksel
anlamda bir tutum degisiminin 6lglilememis olmasi, istenilen tutumun var olmadigi anlamina gelmedigi ancak
STEAM temelli fen 6gretim siirecinin STEAM’e iliskin olumlu tutum gelistirebilmek agisindan yeterli bir siire

olmadigi seklinde yorumlanabilir.

ONERILER

Arasirmadan elde edilen sonuglar 1s1ginda asagidaki dnerilerde bulunulabilir;

Ustlin zekal ve yetenekli 6grenciler ile gergeklestirilen STEAM temelli fen égretiminin baslangicinda yapilan
gorismelerde, 6grencilerin tamamina yakinin STEM ya da STEAM kavramlarini daha 6nce hi¢ duymadigi, ¢cok az
sayida Ogrencinin ise bu kavramlari duymus ancak ne oldugunu bilmedikleri gériilmiistiir. Bu sonugtan ve bu
arastirmada gerceklestirilen STEAM 6gretiminin olumlu sonuglarindan hareketle, STEAM egitiminin ortaokul fen

bilimleri programina entegre edilmesi, 6grencilerin bu egitime dayali programlara tabi tutulmasi 6nerilebilir.

STEAM temelli fen 6gretiminin kazandirmis oldugu 21.yy becerilerinden st dizey dusinme becerilerinin
(analitik dustinme, elestirel disinme, yaratici dislinme, problem ¢6zme vb.) yaninda, bu arastirmada ele alinan
tasarim temelli diisinme becerisi bakimindan distnildGglinde, ortaokul fen bilimleri 6gretim programi STEAM

temelli olusturulabilir.

STEAM temelli fen bilimleri derslerinde, 6grencilerin bireysel triin olusturmalari i¢in gerekli bazi malzemelerin

sinifta yetersiz oldugu dikkat ¢cekmistir. STEAM temelli fen bilimleri dersleri verilen siniflarda cesitli ve cok
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saylda malzeme bulunmasi, 6grencilerin yaratici ve 6zgln Urlinler ortaya koymalar igin 6nemlidir. Bu

dogrultuda BILSEM fen bilimleri siniflarinda daha cesitli ve cok sayida malzeme bulundurulabilir.

STEAM temelli fen bilimleri ders sireci boyunca; velilerin ders surecinden ve etkinliklerden haftalik olarak
haberdar edilmesinin, 6grencilerin sirece iliskin farkindaliklarini, ilgi, egilim ve yeteneklerini arttirdigi

gorlilmustir. Bu sonugtan hareketle, veli- 6gretmen isbirligine daha ¢ok 6nem verilebilir.

Ustiin zekal ve yetenekli 6grencilerin, {riin olusturma siirecinde giinliik hayatla iliskilendirme yapildiginda, ok
daha hizli ve problemlerine yoénelik Urlnler olusturduklari, uUriinlerini daha ¢ok anlamlandirdiklari ve
benimsedikleri gozlenmistir. Bu sonugtan hareketle fen bilimleri derslerinin giinlik hayatla i¢ ice olarak

islenmesi, etkinliklerin bu sekilde planlanmasi 6nerilebilir.

Uygulamanin gergeklestigi STEM okulu Ginvanina sahip BILSEM’ de, gerceklestirilen STEM etkinliklerin ¢ok sinirl
oldugu, konu alanlarinin genellikle robotik ve kodlama alaninda yogunlastigi ve biyik olasilikla bu nedenden
dolayi, 6grencilerin de siirecin baslangicinda Griin olusturmanin yalnizca kodlama vb. yaparak olabilecegi
goristnde olduklari gézlenmistir. Bu dogrultuda STEAM ya da STEM kavramlarinin aslinda robotik ve kodlama
alanindan ayri oldugu, gunliik hayatla iligkili, Ust diizey teknoloji gerektirmeyen tasarim prototipleri
olusturulabilecegi, bu arastirmada yapilan STEAM 06gretimi gibi uygulamalarla 6grenme- 6gretme sireci

olusturulabilir.

Gergeklestirilen STEAM temelli fen 6gretimi suresinin STEAM’ e iliskin olumlu tutum 6lgmede yetersiz bir siire
oldugu kanisina varilmistir. Bu kanidan hareketle STEAM’ e iliskin olumlu tutum gelistirmeyi hedefleyen uzun

sireli uygulamali arastirmalar yapilabilir.

Gergeklestirilen STEAM temelli fen 6gretimi sliresince, Ustiin zekali ve yetenekli 6grencilerin haftalar gectikce
yapabilecekleri Grlnlerin sinirlarinin genisledigi ve potansiyellerinin arttigi gorilmdastir. Bu sonugtan hareketle

daha uzun sireli uygulamali arastirmalar yapilabilir.
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