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Abstract

STEM education is based on interrelated and holistic teaching of the disciplines of science,
technology, engineering and mathematics. It is important to ensure that STEM education does
not address a certain category of society only but that it is also applied to disadvantaged
segments of society. The aim of the present study is to identify the opinions of socio-
economically disadvantaged students and their teachers about STEM education experience. The
study was planned according to the case study model. The participants of the research consisted
of a teacher and 34 Grade-8 students studying in a regional boarding school (RBS) in a northern
province of Turkey. In the study, a unit (Living Beings and Life) within the scope of 8th grade
science course was planned in accordance with STEM education. The data of the study were
collected through student diaries and the field notes taken by the teacher. The data obtained
from student diaries were subjected to content analysis, and the field notes were analysed with
descriptive analysis. It was determined that the RBS students evaluated STEM-focused
activities and the related applications in terms of their contributions to their learning process,
21st-century skills, their perceptions about STEM disciplines and the development of their
career awareness on STEM fields. The results obtained from the teachers’ field notes showed
that the students’ participation and group work skills increased, that the students had fun and
became motivated in the course, and that they experienced an improvement in their skills of
associating what they learned with their daily life, solving problems and designing and in their
engineering awareness.
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Dezavantajl Ogrenciler icin STEM Egitimi: Ogretmen ve Ogrenci Deneyimleri

STEM Egitimi, fen, teknoloji, miithendislik ve matematik disiplinlerinin birbiri ile iliskili ve
biitlinciil 6gretimini esas almaktadir. STEM egitiminin toplumun yalnizca belirli bir kesimine
hitap etmesinden kaginilmasi ve toplumun dezavantajli kesimlerine de uygulanmasi 6nem arz
etmektedir. Arastirmanin amact sosyo-ekonomik olarak dezavantajli Ggrencilerin ve
ogretmenlerinin STEM egitimi deneyimine yonelik goriislerini ortaya koymaktir. Arastirma
durum c¢aligmasi modelinde planlanmistir. Arastirmanin ¢alisma grubunu Tiirkiye’nin
kuzeyinde bir ilde yatil1 bolge okulunda 6grenim gormekte olan 34 sekizinci sinif 6grencisi ve
bir fen bilimleri 6gretmeni olusturmustur. Arastirmada 8. sinifi fen bilimleri dersi kapsaminda
bir linite (Canlilar ve Hayat) STEM egitimine uygun olarak planlanmistir. Aragtirmanin verileri
ogrencilerin glinliikleri ve uygulayici tarafindan tutulan alan notlar1 ile toplanmustir.
Ogrencilerin giinliiklerinden elde edilen verilerin analizi icerik analizi ile, alan notlar1 ise
betimsel analiz ile ¢oziimlenmistir. Yatili bolge okulu 6grencileri STEM odakli etkinlikler ile
yiiriitiilen uygulamalari; 6grenme siirecine, 21. Yiizyil becerilerine, STEM disiplinlerine
yonelik algilarina ve STEM alanlarinda kariyer farkindaligina olumlu etkisi oldugu seklinde
degerlendirmislerdir. Uygulayici ise, uygulamalarin 6grencilerin derse katilimini ve grup
caligmasi becerisinin arttigini, 6grencilerin derste eglendiklerini ve motive olduklarini, giinliik
yasam ile 6grendiklerini iligskilendirme, problem ¢dzme ve tasarim becerilerinin gelisimini
sagladigt ve miihendislige yonelik farkindaliklarinin  gelisim  gosterdigi  seklinde
degerlendirmistir.

Anahtar Sozciikler: Dezavantajli 6grenciler, yatili bélge ortaokulu 6grencileri, sosyal adalet,
STEM.
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Introduction

The abbreviation STEM (Science, Technology, Engineering, Mathematics) represents one of
the educational approaches that propose the integration of disciplines which have become very
popular in the international literature. This educational approach is based on the interrelated
and holistic teaching of the disciplines of science, technology, engineering and mathematics.
The main point of this approach is to ensure that individuals are faced with problems which are
compatible with the real lives and contexts of individuals, which require them to employ their
knowledge and skills about the disciplines of science, technology, engineering and mathematics
and which have multiple solutions, and that they produce solutions for these problems (Sanders,
2009; Shaughnessy, 2013; Smith & Karr-Kidwell, 2000). The process of finding solutions to
real life problems ensures to improve individuals’ 21st-century skills such as entrepreneurship,
innovation, creative thinking, decision making and problem solving in addition to their
knowledge and skills related to STEM disciplines (Ellis & Fouts, 2001; Rogers & Portsmore,
2004; Schnittka & Bell, 2011; Smith & Karr-Kidwell, 2000) and to raise their interest in and
career awareness about STEM fields (Dubetz & Wilson, 2013; Giilhan & Sahin, 2016). The
influence of the developments in the fields of science, technology, engineering and mathematics
on the economic development of countries in the present century makes it important for
individuals to increase their interest and career awareness (National Academy of Engineering
[NAE] & National Research Council [NRC], 2009; NRC, 2012). However, the
multidisciplinary nature of real-life problems and also factors like the contribution of this
approach to the skills individuals should have in the 21st-century can be considered as important

reasons for which this approach has become popular.

There are many studies on how STEM education, which is related to this highly popular
approach, will be carried out in education systems with disciplinary education programs, how
to improve teachers’ qualifications, how STEM education will be applied with various methods,
and its impact on students (Doppelt, Mehalik, Schunn, Silk & Krysinski, 2008; Ellefson,
Brinker, Vernacchio & Schunn, 2008; Wendell, 2008). Despite the existence of numerous
studies in literature, attention is drawn to the fact that applications which are not compatible
with the purposes of STEM education can be encountered in Turkey (Cepni, 2017; Karahan,
2015; Sari, 2018). Examples include workshops like coding, robotics and object designing with
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3D printers, which involve following certain process steps that do not allow students to employ
processes like computational thinking and problem solving. This situation may lead to the
perception that STEM education addresses the middle/upper segment of society in socio-
economic terms. Of course, robotic applications and coding works can be part of STEM-
focused learning environments in which the learning process is planned properly. This is
because applications such as coding that contribute to computational thinking skills are very
important for preparing individuals beyond the century we live in (Corlu, 2017). However, they
need to be planned as part of learning processes that are in line with the requirements of STEM
education. On the other hand, the understanding that makes robotic applications inevitable can
lead to the perception that STEM education addresses only the upper segments of society
(Karahan, 2015). As a matter of fact, the applicability of STEM education to socio-

economically disadvantaged groups is among the issues mentioned in the literature.

Socio-Economically Disadvantaged Groups, Social Justice and STEM Education

It is seen that studies in international literature have been recently emphasising the necessity of
applying STEM education also to the disadvantaged segments of society instead of addressing
only a specific segment. These studies are observed to deal with STEM education for
disadvantaged groups (Lowrie, Downes & Leonard, 2018) or STEM education and social
justice (Sondel, Koch, Carrier & Walkowiak, 2017).

Social justice is defined by the Turkish Language Institution (2018) as “The equilibrium
provided in the social sphere by taking the measures of life standard, income level etc. in
different parts of society into consideration within the framework of equality of opportunity”.
It is addressed in education in terms of dimensions like distribution (Gale, 2000; Gewirtz, 2006;
Sturman, 1997), recognition (Gale, 2000; Gewirtz, 2006; Sturman, 1997) and participation
(democracy) (Enslin, 2006). Distribution refers to the distribution of opportunities
proportionately for everyone, and recognition refers to an education which includes all the
groups that can be considered disadvantaged in terms of factors like race, socio-economic status
and gender and which also ensures that they recognise the social structure that they live in.
Participation means the configuration of education so as to help individuals to develop
themselves and participate in social life. Since social justice in education promotes social rights
and provides an opportunity for good education for all segments of society, this will strengthen
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the political and financial situation and instil a hope of renewal in society (Alsubry & Shaw,
2005).

Some of the studies addressing STEM education from the framework of socio-economically
disadvantaged groups and social justice are as follows: According to Scott (2017), although
budget planning and economic infrastructure can prevent STEM education from reaching all
segments of society, this should be overcome, and effectively educating the teachers of the
future in universities is an important way to ensure social justice in STEM education. Wong,
Dillon, and King (2017) reviewed government-issued reports on the objectives, management
and financial resources of STEM education in the UK, and interviewed relevant people such as
science, mathematics, engineering educators on the advantages and possible disadvantages of
STEM education. The point to which the researchers drew attention the most at the end of this
comprehensive study is that the structuring of the disciplinary courses of science and
mathematics in order to improve STEM literacy is not compatible with industrial and political
demands. In the study, the industrial need for individuals who have high literacy in STEM fields
and who can specialise in these fields was evaluated together with the cost obligation that is
entailed by an application of STEM education at all levels. In this situation, the applicability of
STEM education for students in science and mathematics only after 16 years of age was
considered as a suitable solution. Pointing out that this situation prevents the application of
STEM education in a way that provides social justice, the researchers emphasise the necessity
of carrying out more studies on how to implement STEM education so as to provide social
justice. Parker, Pillai, and Roschelle (2016) organised a forum on “Next Generation STEM
Learning for All” supported by the American National Science Foundation (NSF) and attended
by STEM-related scientists, schools, politicians and the public in 2015. The researchers stated
in the report they prepared after the forum that during all sessions the participants considered
STEM education as a social justice issue. It is emphasised in the report, among others, that
providing opportunities for creating STEM learning environments for generally
underrepresented students in STEM fields (such as female students, disabled people, socio-

economically disadvantaged groups, etc.) will contribute to social justice.

STEM education and social justice were also covered by the special issue of a magazine
(Catalyst) in 2017 (Scott, 2017). Among the authors whose studies were published in that issue,
Madden, Wong, Vera Cruz, Olle, and Barnett (2017) present a framework for applying STEM
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education with a focus on social justice as an out-of-school program. The researchers point out
that they are not sure how coding and robotics can provide social justice and they draw attention
to the importance of their research on how to implement STEM education within the framework
of social justice. In their study on the inadequacy of African Americans in STEM (Science,
Technology, Engineering and Mathematics) fields, Bannister, Davis, Mutegi, Thompson, and
Lewis (2017) emphasise regarding this failure in STEM fields that it is not sufficient to focus
on the relationships among factors such as culture, race, power, class, learning preferences,
cultural styles and language. In consideration of the necessity for STEM teacher educators and
teachers to focus on the social situation of African-Americans when structuring pedagogy and
other important factors like education content, the researchers provided a framework on how
learning and teaching of mathematics can be carried out for this disadvantaged group.

When the concepts of social justice and STEM education are taken together, creation of learning
environments suitable for STEM education for socio-economically disadvantaged groups and
identification of student and teacher experiences in these environments are important in terms
of contributing to the teachers and researchers who aim to prepare a learning environment
suitable for STEM education towards disadvanteges students. In this study, a learning
environment was created for regional boarding secondary school (RBS) students, one of the
disadvantaged groups, and the views of practitioner teachers and students were presented.
Boarding regional secondary schools were established in order to meet the educational needs
of poor family children who have reached compulsory education age in settlements where the
population is small and scattered (MoNE, 2003). Additionally, studies revealing that RBS
students have low awareness about career options in STEM fields (Bozkurt Altan, Ugiinciioglu

& Zileli, 2019) show that the present study will contribute to the field in this sense as well.

In the present study, a science teacher who decided to improve themselves in STEM education
after receiving in-service education planned a course unit in accordance with STEM education.
It is believed within the context of this study that presenting the opinions of an experienced
teacher who plans and implements activities for disadvantaged students will also contribute to
the field in terms of the applicability of STEM education and the importance of teacher
education. As a matter of fact, the desire of carrying out STEM education for everyone renders
the education of teachers important. Various researchers also reveal the need for teachers and
teacher candidates to carry out STEM education (Bozkurt Altan & Ercan, 2016; Hacioglu,
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Yamak & Kavak, 2016, 2017; Han, Yalvag, Capraro & Capraro, 2015; Ucgiinciioglu, 2018;
Wang, Moore, Roehrig & Park, 2011). In their studies, Bozkurt Altan, and Ercan (2016), Cinar,
Pirasa, and Pali¢ Sadoglu (2016), Hacioglu et al. (2016, 2017) and Ugiinciioglu (2018) reported
that as the education and experience of teachers and teacher candidates about STEM education
increase, their interest and abilities in this subject will also increase. Kinik Topalsan (2018)
argued that STEM-educated class teacher candidates perform poorly in creating appropriate
problems when developing teaching activities based on engineering design. Peterman,
Daugherty, Custer, and Ross (2017) point out that although teachers receive education about
STEM education, they do not have sufficient pedagogical knowledge about it. In this context,
the tendency of teachers to develop themselves in the end of the education they receive may
support the dissemination of STEM education and its applicability for disadvantaged groups.
Teacher education will undoubtedly be important for teachers to prepare appropriate problem
cases and to plan activities suitable for STEM education in their classrooms with simple

materials.

The aim of the study is to identify the opinions of the regional boarding school (RBS) students

and the practitioner teacher about STEM education experience.

Methodology

In this study, all stages such as determination of the study group, data collection process and
data analysis were planned based on qualitative research methodology.

Study model

This study was planned as a holistic multiple case study, which is one of the qualitative research
methods. There are multiple case in the holistic multiple case study desing, each case is
evaluated and compared in its entirety (Yin, 2009). Within the scope of the study, the 8th grade
“Living Beings and Life” unit was planned within the framework of STEM-focused activities.
The aim was to identify the experiences and opinions of the practitioner teacher and the
students. The multiple case examined in the study is the views of the RBS students and the

practitioner teacher about STEM-focused activities. The results of the experiences of the
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students and teachers were discussed together and it was aimed to reveal the experiences for

the implementation of STEM-focused activities for disadvantaged students.

Participants

The study group of the research consisted of a science teacher and 34 Grade-8 students (18
female, 16 male) studying in a regional boarding school (RBS) in a Black Sea province of
Turkey. The study group was determined by convenience sampling as one of the purposive
sampling methods. The reason for selecting these regional boarding school students as the study
group is that the students attending this school represent a disadvantaged group in terms of
socio-economic status. All of the students in the study group are based in low-populated villages
at least 40 km from the school and are boarding students. The average monthly income of their
families is at or below the minimum wage. In this respect, in accordance with the STEM
education and social justice context of the study, the RBS students formed the study group of
the research. The teacher who conducted the STEM activities is a science teacher who has 8
years of experience including 7 years in the RBS. Before this study, the science teacher
participated in a 60-hour education program consisting of theoretical and practical content for
the theoretical basis of STEM education, application examples, and its application in science
classes. Then the science teacher began to have graduate studies and took elective courses for
interdisciplinary education. It is important that the teacher has both teaching experience for the
disadvantageous group and STEM education in order to show that the study is in line with the

objectives.

Context of Research

Within the scope of the research, STEM-oriented activities were planned in accordance with
the acquisitions of the “Living and Energy” unit, which is the 5th unit of the 8th grade of the
Science Education Program (2016). Within the scope of the study, the “Living Beings and
Energy” unit, which is the 5™ unit of Grade 8, was planned in accordance with STEM education.
Seven different activities were prepared accordingly. The activities developed and the teacher
guide drawn up to facilitate the implementation of the activities were presented as abstract
submission (Kéroglu & Bozkurt Altan, 2017).
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The activity development process was carried out as follows: Taking the structure and scope of
the gains relating to the “Living Beings and Energy” unit into consideration, how the unit could
be planned in accordance with STEM education was examined and a draft was drawn up. In
this context, alternative activities were designed for one or more gains. All of these activities
are aimed at preparing a STEM-focused learning environment with design-based learning,
problem-based learning and project-based learning (Bozkurt Altan, 2017a, b). The general
framework for the preparation of the activities is as follows: The problem situation including
the knowledge and skills related to at least two of the STEM disciplines should be presented,
the problem should be appropriate to the context of the students, the problem should have

multiple solutions.

The suitability of the prepared activities to the STEM education concept was examined by 2
science education experts and 1 science expert who have experience in the field. The
suggestions made included to enrich the integration of the disciplines (to integrate another
discipline into the activity), to plan classroom time, and to make it a little easier to be
appropriate to the level of the students, etc. The necessary corrections were made in accordance
with the suggestions received and sent back to the experts for approval. The activities were
examined by 1 Turkish Language teacher for an evaluation of expression. Corrections regarding
language and expression were made accordingly. Information on the activities prepared for each

/ several learning outcome in the unit is presented in Table 1.

Table 1

The Content of “Living Beings and Energy” Unit STEM-Focused Activity Modules and Related
Learning Outcomes

Learning Outcomes

Activity Name

Integrated STEM Disciplines

Students  understand the  producer-consumer- Daily Life and  Science, Mathematics
decomposer relationship in food chain, and give Food Chain (Problem-based Learning)
examples.

Students  comprehend the importance  of We Are Science, Mathematics,
photosynthesis in food production and explain how Designing a Engineering
photosynthesis takes place. It is emphasised that Greenhouse (Engineering design process)
photosynthesis also occurs in artificial light.

They understand the importance of respiration in

living organisms and explain how respiration occurs.

Students explain cycles of matter by showing them on  Cycles of Science, Technology,

a diagram. Matter - Engineering, Mathematics

They question the importance of cycles of matter for
life.

Environmenta
n Engineers at
Work

(Engineering design process)
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Learning Outcomes Activity Name Integrated STEM Disciplines
They investigate the causes of ozone depletion and its The Top of the  Science, Mathematics
possible effects on living beings, and produce and Earth Was (Project-based learning)
present suggestions for the solution of the problem. Opened

Students design projects for the efficient use of Recovery Science, Technology,
resources. Recovers the Mathematics

Using research data, they discuss the importance of Future (Engineering design process)

separating solid wastes for recycling and its
contribution to the national economy, and offer
solutions for this issue.

Using research data, students discuss the positive and  Genetically Science, Mathematics
negative effects of current biotechnology applications. Modified (Problem-based learning)
They research and report on the development of bio- Organisms
technology applications from past to present. (GMOs)
Students research the groups of professions related to  Professions Science, Technology
bio-technological studies, and explain the activity Contest: The (Project-based learning)
areas of these groups. Professions of

the Future

Daily Life and Food Chain: In this activity, the students were presented with a newspaper report
on the colour of Tuz Go6lii (Salt Lake) turning red in certain periods of the year. Modelling the
food web in the lake, the causes of redness and solution suggestions were discussed. Before
presenting the problem case, real life problems were presented and researches were made to
establish the context about food web, food chain and the producer-consumer-decomposer
relationship. In one of the researches made in this context, the students were asked to take a
photo of a living creature and form a food web consisting of at least 5 living creatures including
the photographed one.

We Are Designing a Greenhouse: In this activity, the students were presented a problem case
within the context of designing a greenhouse in accordance with real life contexts. They did
group work in the activity. The design of the group which achieved the most successful solution
in terms of all criteria was applied in the school yard. Mini design and research tasks were
planned whereby the students would acquire the knowledge and skills they needed to acquire
for this design that requires taking into account many factors such as the temperature, humidity,
sunshine duration, respiration and photosynthesis in their districts.

Cycles of Matter - Environmental Engineers at Work: In this activity, a design problem was
presented to the students, who were to plan a living space considering the important elements
of the nitrogen, water and carbon cycle. They had to make an environmental decision to plan
the living space in accordance with the criteria presented regarding all these cycles. Mini

designs and researches were prepared for the students to gain knowledge and skills about the
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water, carbon and nitrogen cycle. Two-dimensional models were built out of the design

solutions they developed.

The Top of the Earth Was Opened: In this activity, a fictional story about the problems that may
arise as a result of thinning of the Ozone Layer was presented and discussed. Then, the students
were asked to design a digital story about the reasons of ozone depletion and their solutions.
Information was given about digital story design and the criteria to be considered. The students’

stories were evaluated with a rubric.

Recovery Recovers the Future: In order to establish the context in this activity, data on how the
separation of wastes can contribute to the national economy were distributed and inferences
were made on the data. Then, waste bags containing different types of solid wastes (plastic,
paper, cardboard, plastic bags, etc.) were distributed to the groups and they were asked to
separate and use them to develop products that can meet a need considering the criteria such as
usefulness, aesthetics, etc.

Genetically Modified Organisms (GMOSs): In this activity, the students are presented a few
examples of the positive and negative consequences of bio-technology applications and these
positive/negative aspects are discussed. The class is then divided into 2 groups to collect data
on the positive and negative aspects of biotechnology applications. A discussion is made in the
next lesson. The students are then presented with a problem case in which they must decide
whether or not to use biotechnology applications. The problem case is planned to allow them
to make decisions by analysing numerical data and looking at the subject from various angles.

Professions Contest - The Professions of the Future: Professional groups related to bio-
technological studies were discussed and each group was asked to design digital stories in order

to introduce these professions by storytelling.

The activities were conducted in the school classroom, computer lab and school yard. Some
lecture hours were carried out in the computer laboratory for the students to conduct research.
Each group has a computer. The activities were carried out with group work. In forming groups,
the principles of group formation in collaborative learning were taken into consideration. The
groups that were forced in the activities joined the other groups and completed the activities by
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exchanging ideas where they were forced. While the students were working in the computer
lab, they worked with group friends on a computer for 2 people. The computer laboratory is U-
shaped. Some groups have completed their activities with the help of other friends and teachers

in the areas where they have difficulty in doing research.

Data Collection Instruments

The data of the study were collected through the diary entries that each student wrote after
carrying out STEM-focused activities and the field notes kept by the practitioner teacher. After
each activity from the beginning of the implementation of STEM-focused activities, the
students were asked to write a diary entry for the practice they performed on that day. No
limitation was imposed regarding the diary-keeping of the students, and it was stated that they
could address any factor such as the activity carried out, the teacher, individual and group
performances, and their feelings and thoughts. During the process, each student prepared seven
diaries. The practitioner kept the field notes on the basis of what skills the students employed
in the activities and how their reactions were during the activities. The science teacher also
noted the important points of the course because he was the person carrying out the process,
and prepared field notes at the end of the course. The science teacher also prepared seven field

notes.

Data Analysis

The data obtained from the students’ diaries were subjected to content analysis, all diaries were
examined separately by both researchers, and codes were formed. The two researchers came
together, compared the compatibility and frequency of the codes, discussed their differences,
and finalised the code scheme. Then, it was discussed in which themes the codes will be
addressed and it was decided to address the evaluations of the students about the activity in the
themes of contributions to the process of learning, contributions to the development of 21st-
century skills, contributions to the development of career awareness about STEM fields, and
contributions to the perception about STEM disciplines (See Appendix1 Analysis Framework
of Students’ Diaries). Field notes were also analyzed by content analysis. The issues stated by
the teacher in the field notes were coded both by him and the other researcher. Themes were
created from the obtained codes. Three of the themes were similar to those derived from the
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analysis of the student diaries mentioned above. In addition to these themes, the theme of
difficulties experienced in the process has emerged. (See Appendix2 Analysis Framework of
Teachers’ Field Notes).

Findings

Findings relating to the evaluations of the RBS students about their STEM education experience

are given in Table 2.

Table 2
Findings about the Evaluations of the RBS Students about Their STEM Education Experience

Theme Code Frequency
Contributions to the Process of Fun 33
Learning (N=100) Connection to daily life 27

Permanent learning 20
Motivates to learn 20
Contributions to the Development = Research and inquiry 21
of 21st-Century Skills (N=76) Group work 21
Problem-solving skill 20
Designing skills 14
Contributions to the Perception Science and engineering 16
about STEM Disciplines (N=75) relationship
How do engineers work? 16
How do scientists work? 16
Science and mathematics 15
relationship
Engineering and 12
mathematics relationship
Contributions to Developing STEM  Interest in engineering 17
Career Awareness (N=30 Interest in becoming a 13
scientist

An examination of Table 2 shows that the evaluation of the RBS students about STEM-focused
applications is mostly based on their contributions to the process of learning (N=100). It is
followed by the contributions to 21st-century skills (N=76), contributions to their perceptions
about STEM disciplines (N=75), and contributions to developing STEM career awareness
(N=30).
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The RBS students described the contributions of STEM-focused activities to the process of
learning in terms of the activities being fun (f=33), their enabling to make connections to daily
life (f=27), their enabling to learn permanently (f=20) and the problems being motivating for
learning (f=20). The statements of some of the students who expressed their opinions on this

theme are as follows:

“After we did these designs, I started to have a very good time in the class and
became more interested in it. Everything was always fun... ”,

“It was fun for me to find a solution to a real event that can happen around us, and

2

it attracted me to the course.”,

“I enjoyed doing the designs. We worked on problems that are actually relevant to
our country. That was good.”

The RBS students, who evaluated STEM-focused activities as contributing to the development
of 21st-century skills, stated that the activities contributed to the development of their skills of
research-inquiry (f=21), group work (f=21), problem-solving (f=20) and designing (f=14). The
statements of a few students who expressed opinions on this theme are as follows:

“Recycling was actually a difficult task, but we overcame it together with our group
friends. We did a great job. We were good at completing a task together.”,

“I had a hard time setting criteria and constraints in the recycling problem. But

now | can well distinguish criteria and constraints in a problem, and develop

solutions.”
In their diaries, the RBS students stated that the process contributed to improving their
perceptions of STEM disciplines. The students pointed out that they were able to make
inferences about the science and engineering relationship (f=16), how engineers (f=16) and
scientists (f=16) work, and the relationships between science and mathematics (f=15), and

between engineering and mathematics (f=12). The views of a few of the students are as follows:

“When [ worked like an engineer, I realised that engineers created new products
for us by using the subjects of science. Greenhouse construction is an example.
Photosynthesis is a science subject. Taking this into consideration, it is engineering
to design a greenhouse according to the criteria at hand.
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“For example, we learn the importance of separating solid wastes and how to
separate them for recycling. Engineers build recycling facilities using this
information.”

“An engineer can transform the facts determined by scientists into a product. The
buoyancy of water is related to science. Engineers use this knowledge to design
ships.”

The contribution to developing STEM career awareness was another theme that the RBS
students drew attention to in their evaluations about STEM-focused applications. At the end of
the activities, the students mentioned their interest in engineering (f=17) and being a scientist

(f=13). Here are a few student statements:

“This activity made me realise some problems and thus I both learned the problem
and also how to solve it. For example, as | approach the problem about food chain,
now | can better understand what this problem is and think better for a solution;
perhaps one day I will be interested in science as well.”

“I realised that I also like designing something.”

In the field notes, it was determined that the observations of the teacher in the process were
collected on the themes of contribution to learning process, development of 21st century skills,

STEM career awareness, and the difficulties experienced in the process.

In the field notes, the contributions to the learning process are discussed within the framework
codes of funning, connection to daily life, motivates to learning. The most frequently mentioned
issue in the field notes was that those students who did not participate in the previous courses
showed a noticeable participation in all courses in which STEM activities were applied. The
activities have led to an increase in class participation. This situation is considered as code of

motivates to learning. The science teacher stated this in a few notes as follows:

“The students named Studentl and Student2 had little interest in the course. They
started participating in the course in these activities and Student2, who had learning
difficulties, raised his hand many times to speak.”,

“Student3 was a very quiet student, he didn’t like to participate in the course, but
when we were discussing a problem case about food chain, he raised his finger to
give an answer and made a good comment. His behaviour surprised even his
friends.”,
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“I was astonished to see Student4, a special education student, discussing with her
friend about what happens when each of the living beings is removed from a food
web. In the same way, Student 5 didn 't used to participate in the course very much,
but when | visited the groups, I saw that he was interested in it, too.”

In the field notes, the teacher frequently stated that the students enjoyed all STEM activities in the
theme of contributions to the learning process and that they had great fun. This situation has been
evaluated in the code of fun process within the scope of the theme of contributions to the learning

process. The science teacher stated this in a few notes as follows:

“They asked for permission from a family in the village for entering their stables
and coops and taking photos of cows, sheep and chickens. When they finally
returned, they said they enjoyed it very much.”

“The most entertaining part was the one about ‘let’s rescue the Tuz Golii (salt lake)
from the redness”.

“The students enjoyed it very much. In fact, at the end of class, they said to each

other how beautiful it was. They didn’t even go out during the break time.”
It has been found that the teacher reflects his observations about the students' connection with daily
life in the theme of contributions to the learning process. It was observed that the fact that the
students were faced with problems from daily life improved their ability to associate what they
learned with their daily life. Greenhouse design, for example, not only motivated them in the
learning process since it is a context from their daily lives, but also led them to share their knowledge

with their families. The statements recorded in the field notes are:

“Since some of the students had already seen greenhouses in their villages, they directly
began design drawing. This subject caught their attention much because it was a subject
that was around them; all of them were familiar with agriculture. They enthusiastically
said that they would convey the information they learned to their families.”
The teacher notes in his field notes reflect his observations on the development of group work,
problem solving and design skills in the theme of the development of 21st century skills. One
of the facts frequently mentioned skills in the field notes is that group work developed in these
activities although the students had not wanted to do group work, or they had had disagreements
in previous activities. It is believed that this was because they realised that there was a need to

do group work in the activities. This is stated in the field notes as follows:
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“I had organized mixed groups including boys and girls. Not getting along well in
group works, they objected to this as well. I said to them that the activities could
only be done with group work. After the first activity, they were very friendly with

’

each other and could listen to each other.’

“Some students said that the best solution was theirs. But they were surprised when
they saw that some of the other students in the group had very good ideas, and thus

they began to care about the ideas of their friends in the group.”

One of the skills that the teacher indicated in the theme of the development of 21st century skills

was design skills improved during the process. It was noted that, after the first activity, they did not

experience any problems about determining criteria and constraints, and that they showed

improvement in issues such as finding solutions and choosing the best according to criteria and

constraints.

“In the recycling activity, they operated the design process so well that I observed
that they discussed each solution feverishly in accordance with the criteria and

constraints.”
One of the skills that the teacher indicated in the theme of the development of 21st century
skills was the problem solving skills. One of the important observations was that students were
now able to understand problems better and carry out problem-solving processes faster. The

practitioner expresses this situation in the field notes as follows:

“Today in our third activity, unlike the previous ones, they can immediately
understand the problem case and make inferences about what are wanted. In fact,
I’ve seen that the groups can quickly suggest many solutions.”

It was determined that the teacher's field notes reflect his observations on the development of interest

in engineering in the theme of STEM career awareness. It was stated in the field notes that the

students can develop awareness about the profession of engineering as implied by the fact that they

did not fail to ask during design and technology activities which fields of engineering were

concerned with those activities.

“After the greenhouse activity, they asked me whether environmental engineers or
agricultural engineers did this job, and I discussed it with them.”

“In the recycling activity, they asked which engineers were involved in the building of
separation mechanisms.”
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In the field notes, it was found that the teacher made observations within the scope of the difficulties
experienced in the process within the scope of the mathematical skills of students and the negative

impact of academic achievement.

It is indicated that the activities in which mathematics integration was carried out such as table
interpretation, graphic examination, model building, and proportional reasoning were the parts in
which the students had the hardest time. It is even noted that there were some students who said they

were bored when they faced that subject.

“In our activity, they had trouble when mathematics was concerned. Some students

had difficulty in that part, and two groups were united to try to solve it.”

“What they had to do about mathematics was table interpretation but I think they have

prejudices because they said they had difficulty with it.”
An important point in the field notes was that a few students with high academic achievement did
not want to participate in the first activities. It was found that they initially wanted to solve tests but
subsequently began to enjoy the activities in the process. An exemplary statement in the field notes

is as follows:

“I couldn’t fully understand why some very good students in the class remained passive

in the first activity. The activities were different from what they had been used to so far;

they seem to be afraid of not being successful.”
The matters pointed out in the field notes included the fact that the students’ course participation
and their skill of group work improved, that they had fun in the course, that their motivation was
raised, that they were able to associate what they learned with their daily life, that their problem-
solving and design skills improved, and that their awareness about engineering enhanced. It was
also found that the students who were successful in the course were less enthusiastic than others at
the beginning of the process and that the students had difficulty in matters involving mathematics

integration.

Discussion and Conclusion

The RBS students were found to think that STEM-focused activities contributed to the improvement

of their learning process, their 21st-century skills, their perceptions of STEM disciplines and their
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STEM career awareness. According to the RBS students, the activities contribute to the learning
process because of their being entertaining, suitable for their making connections to daily life,
providing permanent learning, and motivating. They also believe that their 21st-century skills such
as research-inquiry, group work, problem-solving and designing have also developed through these
activities. The RBS students evaluated STEM-focused activities to be contributing to their ability to
make inferences about the science and engineering relationship, how engineers and scientists work,
and the relationships between science and mathematics, and between engineering and mathematics.
Furthermore, they were found to think that the activities contribute to their interest in being an
engineering and scientist. The findings obtained from the practitioner’s field notes, which support
this result, show that the course participation and the group work skill of the students increased, that
they had fun and became motivated in the course, and that their awareness about engineering
enhanced along with the improvement of their skill of associating what they learned with the date
life and the skill of designing. Besides, it was found that the students who were successful in the
course were less enthusiastic than other students at the beginning of the process and had difficulty

in issues involving mathematics integration.

The RBS students stated that their perception and career awareness regarding STEM fields
improved. It was also identified through the field notes that the students asked questions about
branches of engineering and that they were interested in engineering. Muro and Kottman (1995)
report that the secondary school period is important for children to gain awareness about professions.
This result of the study indicates the importance of the contribution of the applications to students.
As a matter of fact, there are studies indicating that STEM awareness of disadvantaged students is
insufficient in the literature (Bozkurt Altan, et al., 2018). Karci (2018) showed that STEM-focused
activities do not increase students' interest in STEM professions in a low socio-economic region.
Giilhan and Sahin (2016) found that STEM activities were effective in improving STEM perceptions
and attitudes of 5th grade students. In this respect, it can be suggested that the literature should be

enriched by making applied studies for socio-economic disadvantaged groups.

The field notes also confirm that the students evaluated STEM-focused activities to be supporting
their 21st-century skills like research-inquiry, group work, problem-solving and design. The field
notes also concluded that an improvement was observed in group work, problem solving and design
skills. Considering the importance of raising individuals with 21st-century skills (Bybee, 2010), it

is important to obtain these outcomes for disadvantaged groups. This result is limited in the views
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of teachers and students. Detailed analysis of all developments can be recommended with various

measuring tools.

The field notes also support the fact that the RBS students consider STEM-focused activities to be
contributing to their learning process (their being entertaining, suitable for their making connections
with daily life, providing permanent learning, and motivating). Likewise, the field notes conclude
that the course participation of the students increased, they found the course to be entertaining, their
motivation raised and an improvement was observed in terms of their making connections to their
daily life. It is believed that the fact that the problems are compatible with the context or the actual
life of students is influential on their being motivated for the courses and their ability to utilise their
learning for solving their daily life problems. Parker, et al. (2016) point out that opportunities to
create STEM learning environments in STEM fields for disadvantaged groups can make
contributions suitable to their contexts, even if they do not develop academic knowledge in STEM
fields. In this sense, the fact that students project their learning to their real lives is an important
result of this study. The importance of problems appropriate to the context and life can be
highlighted as another point. The students had difficulty when they needed to use mathematics skills.
In order to overcome this problem, it may be suggested that mathematical problems which are based
on real life (Karahan & Bozkurt, 2017) are studied with disadvantaged students. Another result of
the study is that students with high academic achievement were shy during the initial activities. This
situation is believed to result from their cautious approach to the process of solving problems which

they are not used to.

Research that suggests the need for teachers and prospective teachers to carry out STEM training
indirectly supports the findings of this research (Bozkurt Altan & Ercan, 2016; Hacioglu et al., 2016,
2017; Han et al., 2015; Uciinciioglu, 2018; Wang et al., 2011).As a matter of fact, the STEM-focused
activities carried out in an RBS which is located in a mountain village were carried out with simple
materials, and the positive evaluations made in the students’ diaries and the field notes indicate that
the application was efficient. It can be stated that the role of the teacher is important for STEM-
focused activities towards disadvantaged groups. In support of this result, Scott (2017) draws
attention to the fact that the budgetary barrier preventing STEM education from reaching all the
segments of society should be overcome and that teachers are essential for ensuring social justice in
STEM education. It can be suggested for teacher educators to enrich the studies on the development
of action plans for disadvantaged groups by STEM-educated teachers. In parallel, Wong et al. (2017)
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argue that configuration of science and mathematics courses, which have a disciplinary structure, so
as to improve STEM literacy is incompatible with industrial and political demands (budget). Stating
that this situation impedes the application of STEM education in a way to ensure social justice, the

researchers suggest that STEM education activities should be enriched for disadvantaged groups.
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Appendix 1. Analysis Framework of Students’ Diaries

Theme Codes
Contributions to the Process of e Fun
Learning e Connection to daily life

e Permanent learning
e Motivates to learn

Contributions to the e Research and inquiry
Development of 21st-Century e Group work
Skills e Problem-solving skill

Designing skills

Contributions to the Perception
about STEM Disciplines

Science and engineering relationship
Engineers working process
Scientists working process

Science and mathematics
relationship

e Engineering and mathematics
relationship

Contributions to Developing e Interest in engineering
STEM Career Awareness e Interest in becoming a scientist

Appendix 2. Analysis Framework of Teachers’ Field Notes

Theme Codes

Contributions to the e Fun

Process of Learning e Connection to daily life
e Motivates to learn

Contributions to the e Group work

Development of 21st- e Problem-solving skill

Century Skills e Designing skills

Contributions to e Interest in engineering

Developing STEM
Career Awareness

Difficulties e Mathematical skills
experienced in the e The negative impact of
process academic achievement
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