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Abstract

This quantitative study examines educational faculty preservice teachers’ awareness about STEM in terms of
different variables. Students from the departments of mathematics education, science education and computer and
instructional technology at Afyon Kocatepe University were the participants. This is a survey study, which used
the STEM Awareness Scale (SAS) developed by Buyruk and Korkmaz (2016) to collect the data. Some
quantitative data analysis tests were applied on the data obtained. The results show that the preservice teachers
had positive perspectives on STEM education.
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Introduction

STEM stands for science, technology, engineering and mathematics. The term was first used in 2001 by Dr. Judith
Ramaley, the Education and Human Resources Director of the National Science Foundation (NSF) (Chute, 2009),
making the NSF the first institution to use the term (NAE & NRC, 2009; Sanders, 2009). According to Morrison
(2006), STEM is a new discipline based on the integration of science, technology, engineering and mathematics.
Advancements in science and technology make it essential for individuals to acquire the skills to overcome real
life problems, use their new knowledge in real life settings, think creatively, and use their knowledge at the
appropriate time and place. For these reasons, STEM education is important today (Akgiindliz, Ertepinar, Ger,
Kaplan Say1 & Tiirk, 2015; Bybee, 2010).

STEM increases the quality of learning environments in education, makes teaching processes more effective, and
gives students opportunities to integrate the disciplines of science, technology, engineering and mathematics.
Science is the effort to understand the natural world (NRC, 1996). It examines the natural world and uses inquiry,
invention, discovery and scientific methods in courses such as physics, biology, astronomy and geology from
primary school to the university level (Dugger, 2010). Technology also uses discovery and scientific methods
(Dugger, 2010). Technology changes the natural world based on the desires and needs of humankind (ITEA, 2000).
It can be defined as the design, development and production of new materials using natural resources. Processes
such as invention, innovation, practical problem solving and design are included in technology (Dugger, 2010).
Engineering concerns finding solutions to the needs of humankind using mathematical and scientific knowledge
obtained through practice and experience (ABET, 2007). Engineering involves problems that must be solved,
understanding problems, asking relevant questions, setting up benchmarks for successful solutions and identifying
limitations (Bybee, 2011). Mathematics is defined as the relationships among models, figures and numbers
(AAAS, 1993). Mathematics serves as a real language for science, technology and engineering (Dugger, 2010).

STEM education involves activities that can foster students’ interests and tendencies in science, technology,
engineering and mathematics using the skills they should possess today (Baran, Canbazoglu Bilici & Mesutoglu,
2015). STEM education is intended to transform theoretical knowledge into implementation, production and
innovative discoveries. It enables students to consider their learning in science, technology, engineering and
mathematics as parts of a whole. Many countries have incorporated STEM into their curricula. STEM education
enables students to enlarge their physical, intellectual and cultural worlds and fosters their competence in critical
thinking and problem solving (Corlu & Aydin, 2016).

STEM education is an interdisciplinary approach to learning from primary school to graduate school. It offers
students an interdisciplinary perspective on problems and some skills and knowledge using a holistic
understanding of education (Sahin, Ayar & Adigiizel, 2014). NSF launched activities to attract attention to the
content of STEM education in the 1990s and many international studies have been conducted in this regard (Bracey
& Brooks, 2013; Buxton, 2001; Cleaves, 2005; Nadelson, Seifert, Moll & Coat, 2012; Pinnell et al., 2013).
However, the Turkish literature has focused on this issue only in the last few years (Baran, Bilici & Mesutoglu,
2015; Cevik, 2015; Gencer, 2015; Sahin, Ayar & Adigiizel, 2014; Yamak, Bulut & Diindar, 2014; Yildirim &
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Altun, 2015). These studies have mostly investigated teachers’ or preservice teachers’ awareness about STEM,
developed scales or adapted international scales into Turkish. For example, Karakaya, Unal, Cimen, and Y1lmaz
(2018) investigated science teachers’ awareness about the STEM approach in terms of some variables. They found
significant differences by gender, professional experience, in-service training and educational level, but no
significant difference by classroom size or type. Another study of teachers’ perspectives on and awareness about
STEM education found that science teachers know the STEM model better than teachers from other disciplines
and use it more, that science and mathematics teachers consider their disciplines as an indispensable to the STEM
model, but that they restrain themselves from applying the model (Ozbilen, 2018). Rather than determining the
general situation, studies of preservice teachers have mostly taken the form of scale adaptation.

There is a limited number of studies in the literature that examine preservice teachers’ awareness about STEM in
terms of various variables. Therefore, this study can contribute to the literature because it examines educational
faculty preservice teachers’ awareness about STEM in terms of different variables. It sought answers to these
research questions:

1. What is the level of preservice teachers’ awareness about STEM?

2. Is there a significant difference between the levels of preservice teachers’ awareness about STEM by
department?

3. Is there a significant difference between the levels of preservice teachers’ awareness about STEM by gender?
4. Is there a significant difference between the levels of preservice teachers’ awareness about STEM by grade
level?

Method

The participants in this study were students in the departments of mathematics education, science education and
computer and instructional technologies at the educational faculty of Afyon Kocatepe University. This quantitative
study was designed as a survey. According to Karasar (2014), researchers should use survey study design if they
intend to describe a case as it exists, whether it is an event, individual or object. The STEM Awareness Scale
(SAS) developed by Buyruk and Korkmaz (2016) was used to collect data. The data were analyzed using IBM
SPSS 18 software. The Kolmogorov-Smirnov test was done to analyze the normality of the data distribution and
showed (p<0.05) that the data did not have a normal distribution. Therefore, non-parametric tests were used. The
Mann-Whitney U test was used to make a pairwise comparison, and the Kruskal-Wallis test was used to make
multiple comparisons.

Findings
Table 1 shows the descriptive analysis of the preservice teachers’ scores on the STEM Awareness Scale.

Table 1. Descriptive analysis of the STEM Awareness Scale scores

Department Positive perspective Negative perspective Overall Scale

N Mean sd N Mean sd N Mean sd
Mathematics Education 115 3.99 875 115 4.03 .683 115 4.01 736
Science Education 113 3.78 1.07 113 3.53 1.21 113 3.70 947
Computer and 87 3.81 778 87 3.41 1.14 87 3.69 707
Instructional

Technologies Education

TOTAL 315 3.87 930 315 3.68 1.06 315 3.81 821

Table 1 shows that the mean scores on the positive perspective sub-dimension (X = 3.87), on the negative
perspective sub-dimension (X=3.68) and on the overall scale indicated that all of the preservice teachers had
positive perceptions about STEM education (X=3.81).

Table 2 shows the mean scores on the scale by department.
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Table 2. Kruskal-Wallis test results for the comparison of the mean scores on the STEM Awareness Scale

Scale Group N Mean Rank  sd Chi-Square p Significant Difference
Positive Math Edu. 115 163.96 2 2.013 366 -
Science Edu. 113 160.85
Comp. Edu. 87 146.43
Negative ~ Math Edu. 115 182.96 2 14.964 001 1-2
Science Edu. 113 149.99 -
Comp. Edu. 87 135.41
Total Math Edu. 115 178.70 2 10.734 005 1-2
Science Edu. 113 152.72 o
Comp. Edu. 87 137.51

Table 2 shows that, even though no significant was found in the positive perspective sub-dimension, the
mathematics education preservice teachers had a higher mean score (163.96) than the science education and
computer education and instructional technologies preservice teachers.

The variance of the preservice primary mathematics teachers’ mean scores by gender is shown in Table 3.

Table 3. Mann-Whitney U test results for the comparison of the preservice primary mathematics teachers’ mean
scores by gender

Scale Group N Mean Score Rank Total U p
Positive Female 78 64.26 5012.00 955.000 .003*
Male 37 44.81 1658.00
Negative Female 78 62.06 4841.00 1126.000 056
Male 37 49.43 1829.00
Total Female 78 64.06 4996.50 970.500 005*
Male 37 45.23 1673.50

Table 3 shows that the female preservice teachers had significantly more positive perceptions of STEM in the
positive perspective sub-dimension and the overall scale. However, no significant difference was found by gender
in the negative perspectives sub-dimension.

Table 4 shows the mean scores of the primary mathematics education preservice teachers by grade level.
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Table 4. Kruskal-Wallis test results for the comparison of the preservice primary mathematics teachers’ mean

scores by grade level

Scale Groups N Mean Score v p Significant Difference
Positive 1% year 30 43.13 8.33 .040 1-2
perspective 2" year 30 62.48 1-3
3 year 30 65.50 1-4
4% year 25 61.46
Negative 1% year 30 51.37 2.46 483 -
perspective 2™ year 30 62.98
3" year 30 61.88
4" year 25 55.32
Total 1% year 30 43.92 8.04 045 1-2
2% year 30 64.20 1-3
3 year 30 65.75
4" year 25 58.16

Table 4 shows that the sophomore, junior and senior preservice teachers in the primary mathematics education
department had significantly more positive perspectives on STEM in the positive perspective sub-dimension than
the freshmen. Although no significant difference was observed in the negative perspective sub-dimension, the
sophomore, junior and senior preservice teachers had more positive perspectives in the negative perspectives sub-
dimension than the freshmen.

Table 5 shows the preservice science teachers’ mean scores by gender.

Table 5. Mann-Whitney U test results for the comparison of the preservice science teachers’ mean scores by

gender
Scale Group N Mean Score Rank Total U P
Positive Female 93 59.97 5577.00 654.00 037*
Male 20 43.20 864.00
Negative Female 93 59.85 5566.00 665.00 .045*
Male 20 43.75 875.00
Total Female 93 60.45 5622.00 609.00 016*
Male 20 40.95 819.00

Table 5 shows that the female preservice teachers had significantly more positive perceptions of STEM in the sub-

dimensions and the overall scale.

Table 6 shows the mean scores of science education preservice teachers by grade level.
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Table 6:. Kruskal Wallis test results for the comparison of the preservice science teachers’ mean scores by grade
level

Scale Groups N Mean Score sd v p Significant Difference
Positive 1 year 27 39.65 3 11.543 .009* 1-2
2" year 32 68.13 1-3
3" year 26 59.69 1-4
4" year 28 58.52
Negative 1t year 27 46.07 3 14.276 .003* 1-2
2" year 32 73.19 2-4
3" year 26 60.19
4% year 28 46.07
Total 1* year 27 39.67 3 15.994 .001* 1-2
2™ year 32 73.19 1-3
3¢ year 26 59.56 2-4
4t year 28 52.84

Table 6 shows that compared to the freshmen, the sophomore, junior and senior preservice teachers in the science
education department had significantly more positive perspectives on STEM in the positive perspective sub-
dimension. On the negative perspective sub-dimension of the scale, the sophomore preservice teachers had less
negative perspectives on STEM than the freshmen and seniors. On the overall scale, the sophomore and junior
preservice teachers had more positive perspectives on STEM than the freshmen, and the senior preservice teachers
had more negative perspectives on STEM than the sophomores.

Table 7 shows the preservice computer and instructional technologies teachers’ mean scores by gender.

Table 7: Mann-Whitney U test results for the comparison of the preservice computer and instructional
technologies teachers’ mean scores by gender

Scale Group N Mean score Rank total U p
Positive Female 48 49.98 2399.00 649.000 014%
Male 39 36.64 1429.00
Negative Female 48 50.98 2447.00 601.000 004*
Male 39 35.41 1381.00
Total Female 48 51.47 2470.50 577.500 .002%
Male 39 34.81 1357.50

Table 7 shows that the female computer and instructional technologies preservice teachers had significantly more
positive perspectives on STEM in the sub-dimensions of the scale and the overall scale.

Table 8 shows the mean scores of the computer and instructional technologies preservice teachers by grade level.
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Table 8. Kruskal Wallis test results for the comparison of the preservice computer and instructional technologies
teachers’ mean scores by grade level

Scale Groups N Mean Score Sd Chi-square P Significant Difference
positive 2" year 30 37.10 2 9.893 .007 2-4
perspective 3" year 30 39.57

41 year 27 56.59

Negative 2™ year 30 42.73 2 0.119 942 3-4
perspective 3" year 30 44.50
41 year 27 44.85

Total 2" year 30 38.78 2 4.868 .088 2-4
3" year 30 41.33
4h year 27 52.76

Table 8 shows that, compared to the sophomores, the senior preservice teachers had significantly more positive
perspectives on STEM education in the positive perspective sub-dimension of the scale and the overall scale. In
the negative perspectives sub-dimension, the senior preservice teachers had less negative perspectives than the
juniors.

Conclusions

The results indicate that the preservice teachers from the departments of mathematics, science, and computer and
instructional technologies have positive perspectives towards STEM, which is corroborated by many studies of
preservice teachers and STEM education (Akaygun & Aslan-Tutak, 2016; Yenilmez & Balbag, 2016; Yildirim &
Selvi, 2015). This also underlines that preservice teachers had positive awareness about STEM. Studies have
shown that individuals with high awareness about STEM also have more positive perceptions of and perspectives
on it (Guzey, Harwell & Moore, 2014; Schmidt & Kelter, 2017).

The preservice teachers in the department of mathematics education had more positive perceptions of STEM.
Yenilmez and Balbag (2016) reported that preservice science teachers have more positive attitudes. This may stem
from preservice teachers’ learning backgrounds or the difference between their undergraduate courses.

The females’ mean scores on the STEM Awareness Scale were higher than the males in all departments. This
result is corroborated by those of Yenilmez and Balbug (2016). Cevik, Danistay and Yagci (2017) investigated
teachers’ awareness about STEM by gender and found no significant difference by gender. Therefore, the effect
of the gender variable on the awareness about STEM may differ in preservice or in-service training courses.

By grade level, the sophomore, junior and senior preservice teachers from the department of mathematics
education had more positive perspectives on STEM than the freshmen. This may imply that courses in mathematics
education positively influence their perceptions of STEM. The sophomore, junior and senior preservice science
teachers had significantly higher mean scores on the positive perspective sub-dimension of the scale than the
freshman. However, the senior preservice science teachers had less negative perceptions of STEM in the other
sub-dimensions of the scale and the overall scale than the sophomores. The reasons for this can be investigated in
further qualitative research. On the other hand, the senior preservice computer and instructional technologies
education preservice teachers had more positive perceptions of STEM than the sophomores and juniors.
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