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ABSTRACT

This study aimed to investigate potential changes or developments in middle school students' attitudes toward
mathematics, environmental problem awareness, environmental attitudes, mathematics motivation, and attitudes
toward mathematical problem-solving within the framework of the "Eco-Mathematics for Middle School Students"
project, which was supported under the TUBITAK 4004 Nature Education and Science Schools Program.
Additionally, the study sought to determine changes in students' perspectives regarding the conceptual meaning of
eco-mathematics and its role in addressing environmental problems upon project completion, as well as to gather
their overall reflections and recommendations concerning the project. The project focused on sustainability, water
pollution, environmental pollution, climate change, carbon emissions, recycling, production of ecological cleaning
materials, and animal husbandry and included activities to increase mathematical knowledge as well as artistic,
sportive, and social activities. The study employed a mixed-methods approach, integrating both qualitative and
quantitative research methodologies. The study population consisted of 30 middle school students who go to
school every day by shuttle bus. The data collection tools of the study consisted of the Attitude Towards
Mathematics Scale, Awareness Scale for Environmental Issues, Environmental Attitude Scale, Mathematics
Motivation Scale, Mathematics Problem Solving Attitude Scale, eco-mathematics semi-structured interview form,
and reflective participant diaries. Quantitative data were analyzed using a t-test for paired samples. Descriptive
analysis and content analysis were used to analyze qualitative data. The study findings revealed a statistically
significant difference favoring the post-test scores in the study sub-dimension of students' attitudes toward
mathematics and in the knowledge sub-dimension of their environmental problem awareness. Following project
implementation, students demonstrated enhanced ability to establish connections between environmental issues
and eco-mathematics concepts. The project yielded positive effects on student engagement, with participants
expressing favorable attitudes toward the project experience.
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Introduction

Global problems such as climate change, global pandemics, and genetically modified
organisms affect students as well as all segments of society. Therefore, enhancing student
awareness and literacy regarding these issues is critical for future sustainability. This objective
can only be achieved through innovative educational approaches. The interconnected nature of
social and environmental factors necessitates the restructuring of curricular content through
the modification of various educational components. Students can become environmentally
sensitive citizens through critical citizenship education that will be integrated into the course
content (Ernest, 2002). For this reason, students need to have critical thinking skills in order to
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Educational Research Ethics Committee granted an ethics committee certificate with decision number XXII in the second session
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make sense of the issues experienced in daily life. The development of critical thinking skills
facilitates students' ability to address problem-solving situations encountered in daily life
(Hikayat et al., 2020). Mathematics education serves as a crucial domain for fostering critical
thinking competencies and cultivating individuals capable of democratic participation in societal
issues (Organisation for Economic Co-operation and Development [OECD], 2006). In
mathematics education, students' critical citizenship development is supported by addressing
social issues in the context of the use of mathematics in the classroom, daily life, and society
(Steffensen, 2017). When daily life problems are included in the mathematics course, students
can reach solutions by processing the knowledge they have and changing it as they need. In this
way, mathematics learning can be achieved more effectively (Laurens et al., 2017). On the other
hand, researchers state that it is important to include real-life problems, such as climate change,
in mathematics education in order to develop students' critical thinking skills (Abtahi et al., 2017,
Ernest, 2009). Students' environmental and mathematical literacy can be improved through
project-based practices and environment-themed activities integrated into education (Merz,
2012).

Mathematics plays a major role in defining, predicting, and thus making sense of environmental
problems such as climate change (Barwell, 2013). In this way, environmental problems are
modeled, solution steps are applied, ways of thinking about problems are developed, and
solutions are realized through concretizations (Hauge & Barwell, 2017). Developing thinking
skills related to environmental problems and integrating the formative power of mathematics
into course content is possible through critical mathematics education. Critical mathematics
education transcends computational skills and procedural applications within mathematics
curricula. It empowers students to construct meaning from mathematical concepts,
comprehend the role of mathematics in everyday contexts, and understand the mechanisms
underlying environmental challenges such as climate change, as well as the responsibilities
required for their mitigation. (Laurens et al., 2017). The pedagogical approach that emerged
from critical mathematics education and modeling activities is the eco-mathematics
framework. Eco-mathematics activities are grounded in environmental issues including carbon
footprint assessments and climate change phenomena. These activities integrate
environmental real-world problems and ecological concepts into mathematics curriculum
through modeling methodologies, providing functional and engaging content for students
(Merz, 2012). Such content enhances students' environmental problem awareness while
enabling behavioral modifications in consumption patterns to address environmental
challenges (Salo et al., 2019).

Examination of existing literature reveals climate change as a pressing issue requiring resolution
within the critical mathematics education framework. Critical mathematics serves as a
communication medium for conveying climate change information to diverse audiences,
including scientists, politicians, policymakers, the general public, and children. Drawing from
principles of critical mathematics education and critical citizenship, the integration of climate
change issues into mathematics instruction represents not only ethical practice but also a moral
imperative. (Abtahi et al, 2017). The benefits of combining eco-critical approach and eco-
mathematics education in curriculum studies are extensively examined. In this context, curricula
aiming to mathematize social and ecological projects by associating them with each other are
proposed. This approach aims to establish a novel framework for research endeavors focused
on enhancing environmental problem awareness through mathematics education within
environmental education contexts (Wolfmeyer & Lupinacci, 2017). For instance, Steffensen et
al. (2018) sought to develop students' critical mathematical perspectives by incorporating
climate change discourse and problem-solving scenarios. Their findings demonstrated how
students with diverse values and perspectives exhibited variations in interpreting environmental
and social challenges. In a subsequent mathematical modeling investigation, Steffensen and
Kacerja (2021) examined students' cognitive processes when utilizing a carbon footprint
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calculator related to climate change within mathematics instruction from a socio-critical
modeling perspective. This study revealed how middle school students calculate carbon
footprints, analyzed variable effects on footprint magnitude, constructed meaning through
exploration of components and outliers, identified affected stakeholders and calculator
limitations, and reflected upon individual, national, and global emissions. Carbon footprint
calculators are considered significant due to their capacity to influence individuals' lives and
their critical reflections on mathematical models (Steffensen & Kacerja, 2021)

It is of great importance for students to make sense of environmental problems, develop a
critical perspective, and reach solutions by questioning mathematical problems involving daily
life contexts. In order to achieve common goals involving multiple disciplines at the same time,
an interdisciplinary education approach is recommended (Renert, 2011). The interdisciplinary
educational approach encompassing science, technology, engineering, and mathematics is
designated as STEM (Science, Technology, Engineering, and Mathematics). STEM education
constitutes a pedagogical framework that emphasizes the integration of two or more
interconnected disciplines, with the objective of examining the relationships among these
academic domains (Brown, 2012). This methodology facilitates the experiential instruction of
mathematical and scientific concepts through the implementation of engineering design
principles and technological applications. (Margot & Kettler, 2019). In this way, students have
the opportunity to practice a problem they may encounter in real life. In their study, which
included out-of-school activities, Kim et al. (2018) concluded that the interdisciplinary approach
positively affects students' academic and social development. When the studies in the literature
are examined, the positive effects of interdisciplinary activities that address the STEM approach
in educational environments have been similarly revealed (Henderson et al., 2017; Li et al., 2020;
Margot & Kettler, 2019; Mizell & Brown, 2016; Schreffler et al., 2019).

An examination of research within mathematics education reveals that mathematical
instruction through real-world applications and STEM integration has emerged as a
progressively significant research area. (Hikayat et al., 2020; Laurens et al., 2017). Systematic
review studies show that research on the intersection between STEM and environmental
education (Green STEM) is an increasing trend (Li et al., 2020; Margot & Kettler, 2019; Minichiello
et al,, 2018), and a large number of studies have recently been conducted on Green STEM
(Wheland et al., 2013). For example, there have been studies on operational thinking and
software development in the context of climate change (Tucker-Raymond et al., 2019), forest
regeneration using remote sensing and smart seeds (Garcia-Piqueras and Sotos Serrano, 2021),
or the relationship between photonics and green future (Pompea et al., 2011). In addition, there
have been studies promoting social and ecological awareness through international or local
competitions related to STEM and environmental awareness, such as Climate Detectives
(Garcia-Piqueras & Sotos-Serrano, 2021) and Astro Pi (Honess & Quinlan, 2017). The project
entitled "Mathematics in Our Lives: Agriculture" conducted by Sezer Evcan et al. (2020)
demonstrated positive effects on student outcomes and enhanced their recognition of
mathematical applications in everyday contexts. The present study anticipates that the real-
world mathematical applications implemented within the project framework will enhance
students' capacity to develop innovative solutions for daily life challenges and environmental
issues confronting society and the global community, while contributing to the integration of
sustainability principles in education through increased student awareness of mathematics'
significance in addressing environmental concerns. The findings of the study can help
educators to understand better how eco-mathematics-based activities can be structured and
the effects of these activities on students. In this sense, this study may guide enriching
mathematics curricula with environmentally focused activities and providing interdisciplinary
learning opportunities.

In light of the aforementioned literature, this study aimed to examine the possible changes or
developments in middle school students' attitudes toward mathematics, environmental
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problem awareness, environmental attitudes, mathematics motivation, and attitudes toward
mathematical problem-solving throughout the project implementation process. Additionally, the
investigation sought to determine students' perspectives regarding the conceptualization of
eco-mathematics and its role in addressing environmental issues both before and after project
completion, as well as to elicit their general opinions and recommendations concerning the
project. For this purpose, the following questions were tried to be answered.

e s there a statistically significant difference in the attitude towards mathematics scores
of the participants after the project compared to before the project?

e |s there a statistically significant difference in the participants' awareness of
environmental problems after the project compared to before the project?

e s there a statistically significant difference in the environmental attitude scores of the
participants after the project compared to before the project

e |Is there a statistically significant difference in the participants' mathematics motivation
scores after the project compared to before the project

e |s there a statistically significant difference in the attitude scores of the participants
towards mathematics problem solving after the project compared to before the project

e What are the participants' views on the meaning of eco-mathematics and the role of eco-
mathematics in solving environmental problems before and after the project?

e What are the opinions and suggestions of the students about the activities carried out
during the project process?

Method

Research design

This study employed a mixed-methods research design incorporating both qualitative and
quantitative methodologies. The quantitative component of the study utilized a one-group
pretest-posttest experimental design to assess changes in students' attitudes toward
mathematics, environmental problem awareness, environmental attitudes, mathematics
motivation, and mathematical problem-solving attitudes. One-group pretest-posttest design
involves the process of collecting data from a group using the same measurement tools before
and after an experimental intervention (Blyukoztirk, 2011; Fraenkel & Wallen, 2006). In this
study, data collection tools were administered to the participants as a pre-test before the project,
and after the project process was completed, the same tools were administered again as a post-
test. The differences between the averages of the pre-test and post-test scores were analyzed.
In the qualitative part of the study, semi-structured interviews and document analysis were used,
pre-interviews were conducted before the activities. Post-interviews were conducted at the end
of the project in order to determine the students' views on the meaning of eco-mathematics and
its place in solving environmental problems before and after the project and their opinions and
suggestions about the activities carried out during the project process. Reflective diaries were
applied after each session to provide feedback on the project process and to collect data to
complement the interview data.

Participants

This study was conducted with disadvantaged students studying in village schools that provide
access to education through transportation in order to contribute to the provision of equal
opportunities in education. In this context, the study was conducted with 30 7th and 8th grade
students, 16 girls and 14 boys, studying in secondary schools that provide access to education
through transportation in different districts of Aydin Provincial Directorate of National Education
was contacted to determine the participants, information about the project was provided, and a
letter of support was obtained for the students to participate in the training in the project. Then,
a participant application form was prepared to identify the volunteer participants and delivered
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to the students who wanted to participate. The criterion sampling method was used to
determine the study group. The criteria were studying in secondary schools that provide access
to education through transportation and volunteering to participate in the study. Participants
were determined so that the districts where the schools were located and the gender distribution
of the students were balanced.

Data collection tools

Within the scope of the project, the changes in middle school students' attitudes towards
mathematics, awareness towards environmental problems, environmental attitudes,
mathematics motivation, and attitudes towards mathematical problem solving were examined.
In this context, the Attitudes Towards Mathematics Scale, Awareness of Environmental Issues
Scale, Environmental Attitude Scale, Mathematics Motivation Scale, and Mathematics Problem
Solving Attitude Scale were administered to the participants at the beginning and the end of the
project as pre-test and post-test. In addition, semi-structured interviews were conducted with
the students at the beginning and end of the project process to determine their views on the
meaning of eco-mathematics and the role of eco-mathematics in solving environmental
problems before and after the project and to obtain their general opinions and suggestions
about the project. Reflective diaries were applied to the students at the end of each activity day.
Information about the data collection tools used in the study is given below.

Quantitative data collection tools
Attitude scale towards mathematics (Onal, 2013)

The Attitude Towards Mathematics Scale developed by Onal (2013) consists of 22 items and
four factors. These factors were determined as interest, anxiety, study, and necessity. The items
of the scale are 5-point Likert type and are in the form of "Strongly Agree", "Agree", "Neutral’,
'Disagree" and "Strongly Disagree". Within the scope of the validity and reliability studies of the
scale, the internal consistency coefficient (Cronbach's alpha coefficient) for the whole scale was
found to be .90. The internal consistency coefficient of the factors that make up the scale is .89
for the "Interest” sub-dimension consisting of ten items, .74 for the "Anxiety" sub-dimension
consisting of five items, .69 for the "Study" sub-dimension consisting of four items, and .70 for
the "Necessity" sub-dimension consisting of three items, respectively. As a result of
confirmatory factor analysis, fit indices for the model were calculated as GFI=.91, AGFI=.88,
NFI=.96, NNFI=.98, CFI=.98, RMSEA=.050, and it was confirmed that the scale formed a four-
factor structure. The scale explains 55.12% of the variance in total. In this study, Cronbach's
alpha value was recalculated and found to be .87 for the whole scale, .84 for the first subscale,
.79 for the second subscale, .76 for the third subscale, and .72 for the fourth subscale.

Awareness scale for environmental problems (Gliven & Aydogau, 2072)

As a result of the validity and reliability studies of the scale developed by Guven and Aydogdu
(2012), consisting of 6 sub-dimensions and 44 items, the KMO value was found to be .82, and
the factor loadings of the items in the scale were found to be between .49 and .97. The scale is
a 3-point Likert-type scale and is scaled as "yes", "'no idea" and "no". The internal consistency
coefficient of the scale was found to be .90. In addition, the reliability values for each factor were
calculated separately, and Cronbach's alpha was .95 for eight items in the first factor, .95 for
seven items in the second factor, .91 for eight items in the third factor, .90 for eight items in the
fourth factor, .75 for seven items in the fifth factor and .71 for six items in the sixth factor. The
sub-dimensions of the scale were named knowledge, comprehension, application, analysis,
synthesis, and evaluation in accordance with the cognitive domain steps. These six factors
explained 63% of the total variance. The discrimination indices of the items ranged between .21
and .66. Cronbach's alpha values calculated in this study were .76 for the whole scale, .74 for
the first subscale, .72 for the second and third subscales, .75 for the fourth subscale, .70 for the
fifth subscale and .73 for the sixth subscale.
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Environmental attitude scale (Ozata Yiicel and Ozkan, 2014)

It was determined that the Environmental Attitude Scale developed by Ozata Yiicel and Ozkan
(2014) consists of a single dimension called "behavior" in the first subscale and three
dimensions as "idea", "feeling" and "willingness to proceed in action" in the second subscale. The
scale consists of 21 items, and the scale items are in 5-point Likert-type: 'Strongly disagree’,
'Slightly disagree', 'Moderately agree', 'Strongly agree' and 'Strongly agree'. Cronbach alpha
internal consistency coefficient for the whole scale was .88. The Cronbach alpha value of the
first subscale was .84, the Guttman Split Half value was .83, and the Spearman Brown
coefficient was .83. For the second subscale, the Cronbach Alpha value was .81, Guttmann Split
Half value was .73, and Spearman Brown coefficient was .73. The item-total correlations of the
first subscale were between .37 and .67, and the second subscale was between .30 and .77.
According to the confirmatory factor analysis results of the first subscale, the goodness of fit
indices were calculated as x 2/sd=2.96, RMSEA=.062, GFI=.94, AGFI=.92, NFI=.94, NNFI|=.95,
CFl=.96, SRMR=.049. When the confirmatory factor analysis results for the second subscale
were examined, x 2/sd=2.67, RMSEA=.057, GFI=.92, AGFI=.90, NFI=.92, NNFI=.94, CFI=.95,
SRMR=0.068. In this study, the second subscale was used, and Cronbach's alpha values were
calculated to be .72 for the whole scale. It was .84 for the behavior subscale, .80 for the emotion
subscale, .71 for the thought subscale, and .72 for the willingness to proceed in action subscale.

Mathematics motivation scale (Aktan & Tezci, 2013)

The validity and reliability analyses of the scale originally developed by Pintrich et al. (1991) and
adapted into Turkish by Aktan and Tezci (2013) were carried out with a sample of 210 fifth-
grade students. The scale comprises six sub-dimensions and a total of 27 items, including
intrinsic goal orientation (3 items), extrinsic goal orientation (4 items), task value (5 items),
learning beliefs (5 items), self-efficacy (6 items), and test anxiety (4 items). The internal
consistency coefficient of the Mathematics Motivation Scale was .91. The internal consistency
coefficient for the sub-dimensions ranged from .85 to .94. Item total correlation values ranged
from .62 to .89. When the confirmatory factor analysis results of the scale were examined, x
2/sd=2.32, RMSEA=.080, GFI=.80, AGFI=.75, NNFI=.90, CFI=.91, SRMR=0.059. In this study,
Cronbach's alpha value was recalculated and found to be .73 for the whole scale, .70 for the first
subscale, .72 for the second subscale, .86 for the third subscale, .70 for the fourth subscale, .72
for the fifth subscale and .84 for the sixth subscale.

Mathematics problem solving attitude scale (Canakgi, 2008)

The Mathematics Problem Solving Attitude Scale, developed by Canakgi (2008), is a 5-point
Likert-type scale consisting of 19 items. The scale development study was conducted with 638
middle school (6th, 7th, and 8th grade) students. The scale comprises two dimensions: the first
dimension, referred to as the Enjoyment Dimension, includes 10 items that assess students’
attitudes toward enjoying problems and problem solving; the second dimension, labeled the
Teaching Dimension, consists of 9 items that measure students’ attitudes toward themselves,
the teacher, and the problem-solving process. The Pearson correlation coefficient obtained
through the test-retest method was calculated as .89. Cronbach’s alpha internal consistency
coefficients were reported as .85 for the entire scale, .87 for the enjoyment subscale, and .77 for
the instruction subscale. In the current study, Cronbach'’s alpha values were calculated as .88
for the whole scale, .92 for the enjoyment subscale, and .75 for the teaching subscale.

Qualitative data collection tools
Eco-mathematics semi-structured interview form

In order to determine the scope of the interviews to be conducted within the scope of the study,
draft semi-structured interview forms were prepared by the researchers by examining national
and international studies emphasizing the handling of environmental problems in the context of
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education and the role of eco-mathematics in solving these problems. The interview forms were
organized in two different ways to be applied at the beginning and at the end of the training. In
the pre-interview, questions about students' level of knowledge about the meaning of eco-
mathematics, environmental problems, and how eco-mathematics can be used to solve these
problems were prepared. In addition to these questions, the post-interview questions included
their evaluation of the project process and their suggestions for increasing the effectiveness of
the project. The draft forms were reviewed by three experts and finalized for use in the study.

Reflective participant diaries

Reflective diaries were prepared to allow participants to document their observations and
experiences related to the training sessions conducted as part of the project. These diaries
included prompts concerning what they learned throughout the day, how they felt, the benefits
of the activities, both positive and negative aspects, and features of the activities they would like
to change. Within the scope of the research, the data obtained from the reflective diaries were
used as a supportive and complementary source alongside the interview data.

Data collection and analysis

The data were collected in stages: before, during, and after the project. In this context, face-to-
face pre-interviews were conducted with all participants before the project activities started.
Pre-tests were administered immediately after the interviews. During the project, participants
were asked to complete reflective diaries after each session. At the end of the project, posttests
were administered, and final face-to-face interviews were conducted. Before starting the project,
permission for use was obtained from the researchers who developed the data collection tools.

The SPSS 22 package program was used to analyze the quantitative data collected during the
research. A paired samples t-test was employed to determine whether there was a statistically
significant difference between the pretest and posttest scores of the scales. The normality of
the data was assessed using the Shapiro-Wilk test as well as kurtosis and skewness
coefficients. For the qualitative data, both descriptive and content analysis methods were
applied. Anonymity was maintained by assigning code names to participants. Interview
transcripts were coded line by line, and themes were identified by grouping similar responses.
In this process, two researchers coded the data simultaneously, while a third researcher
independently coded the data to ensure reliability. The codings obtained were analyzed together,
and the percentage of agreement was calculated as 91.86% (384 out of 418 codes were in
agreement), and consensus was reached on the codes that did not agree. The statements in
the reflective diaries were presented with direct quotations to support the interview data.

Within the scope of the validity and reliability studies, the internal consistency coefficients of the
scales were calculated. In order to ensure the credibility, consistency, confirmability, and
transferability of qualitative data, expert opinions were consulted at the stages of preparing the
data collection tools and designing the application process. Data diversification was tried to be
provided by using interviews and document analysis. Three different field experts analyzed the
data and the findings were supported by direct quotations. The data collection and analysis
process was explained in detail. In addition, the study group and the implementation process
were described in detail.

Implementation process

As part of this study, the "Eco-Mathematics for Secondary School Students" project—designed
with an interdisciplinary approach and incorporating mathematics activities themed around
environmental education—was implemented over the course of seven sessions with secondary
school students considered disadvantaged, attending village schools that offer access to
education through transportation services. The project aimed to increase students' knowledge
and awareness of the concept of eco-mathematics, to improve their environmental awareness
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and attitudes towards the environment in a positive way, to increase their mathematics
knowledge, and to improve their attitudes and motivation towards learning environment and
mathematics. In the project, activities involving approaches such as open and closed-ended
experiments, computational thinking, scientific excursions and fieldwork, and STEM were
carried out. The planned activities aimed at village school students to have knowledge about
the concept of eco-mathematics and to establish a connection between the environment and
mathematics. Through the eco-mathematics activities carried out during the project,
mathematics was tried to be explained to students in the context of global and local
environmental problems. Thus, it was aimed to raise students as ecologically informed,
empathetic, and justice-oriented citizens and to develop their creative problem solving skills.
This project was designed to be a camp for the realization of mathematics education in
ecological contexts. It includes the calculation of ecological footprint through mathematical
operations and sustainable use of water resources, awareness-raising activities on geothermal
greenhouses and sustainable agriculture using renewable energy sources on a local scale,
informative trips on agriculture and biodiversity, possible effects of climate change on
biodiversity, and awareness activities on environmental problems.

Detailed information on the events is presented in Annex 1.

Informed consent forms were obtained from the parents of the students who applied and
participated in the project. The research was reviewed and approved by the Ethics Committee
of the university where the researchers work (Aydin Adnan Menderes University Educational
Research Ethics Committee- 29.02.2024 date 2nd Session XXII decision number). In all stages
of the research, the rights of the participants were respected, the protection of their personal
data was emphasized, and ethical principles were followed.

Findings
Findings from quantitative data

In order to determine the effect of the project activities carried out within the scope of the study
on students' attitudes towards mathematics, awareness of environmental problems,
environmental attitudes, mathematics motivation, and attitudes towards mathematics problem
solving, pretest, and posttest were applied to the students. The normality of distribution for
pretest and posttest score differences of the scales employed in this study was assessed
through the Shapiro-Wilk test and examination of kurtosis and skewness coefficients, with the
obtained results presented in Table 1.

Table 1 Normality test results for the participants' pretest and posttest difference scores

Score Shapiro-Wilk Skewnes  Sh Ratio Kurtos Sh Rati
S is o)
7 df p
Attitude Scale towards Posttest-  .195 005 -247 427  -58 1.614 833 1.93
. 30
Mathematics Pretest
Awareness Scale for Posttest- 1517 30 .080 -.320 427  -75 1.258 833  1.51
Environmental Problems Pretest
Environmental Attitude Posttest- 205 30 .002 -825 427 -1.93 1.155 833 1.39
Scale Pretest ]
Mathematics Motivation Posttest- 145 30 109 -607 A27 142 1.414 833 1.69
Scale Pretest ]
Mathematics Problem Posttest- 191 30 007 -.659 427 154 1.371 833 1.64
Solving Attitude Scale Pretest ’ ’

Upon examination of Table 1, it can be determined that the pretest and posttest difference
scores for the "Awareness Scale for Environmental Problems" and "Mathematics Motivation
Scale" administered to project participants exhibited normal distribution. (p>.05). The difference
scores of the "Attitude Toward Mathematics Scale" (Shapiro-Wilk Z = 0.195, p < .05), the
"Environmental Attitude Scale" (Shapiro-Wilk Z = 0.205, p < .05), and the "Mathematics Problem
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Solving Attitude Scale" (Shapiro-Wilk Z = 0.191, p <.05) were found to violate the assumption of
normality. However, the values obtained by dividing the kurtosis coefficient by the standard error
of kurtosis and those obtained by dividing the skewness coefficient by the standard error of
skewness were within the acceptable range of -1.96 to +1.96 (BuyUkoztlrk, 2012). Therefore, it
can be stated that the distribution of scores for each measurement approximated normality.
Since a normal distribution of pretest and posttest scores indicates that parametric tests (i.e,, t-
tests) are appropriate, the paired samples t-test was used in this study to examine whether there
was a significant difference between participants’ pretest and posttest mean scores on the
scales. The results of the Attitude Towards Mathematics Scale are presented in Table 2.

Table 2 Paired sample t-test results of attitudes towards mathematics scale pretest and posttest scores

Score N X S sd t )
Attitude Scale towards Mathematics Pre-test 30 4.02 .59 29 -875 .38
Post-test 30 393 .83
Sub Dimensions Interest Pre-test 30 396 .67 29 -636 .53
Post-test 30 390 .92
Anxiety Pretest 30 350 1.16 29 1272 .21
Post-test 30 3.70 1.13
Study Pre-test 30 435 .63 29 -2371 .02*
Post-test 30 4.05 .96
Necessity Prestest 30 444 66 29 -1.852 .07

Post-test 30 421 .88

Upon examination of Table 2, findings indicate no statistically significant difference between the
pretest and posttest means of the Attitude Towards Mathematics Scale [t(29)=-0.875,
p=.38>.05]. When comparing the means of the scale's sub-dimensions, a statistically significant
difference [t(29)=-2.371, p=.02<.05] was identified in the "Study" sub-dimension. The results of
the Awareness Scale for Environmental Problems are presented in Table 3.

Table 3 Paired sample t-test results of awareness scale for environmental issues pre-test and post-test
scores

Score N x S sd t p
Awareness Scale for Environmental Problems Pre-test 30 141 19 29 983 .33
Post-test 30 143 22
Sub Dimensions Knowledge Pre-test 30 137 26 29 3194 .00*
Post-test 30 1.50 .30
Comprehension Pre-test 30 147 24 29 1464 15
Post-test 30 1.53 26
Implementation Pre-test 30 146 34 29 017 .98
Post-test 30 147 .37
Analysis Pre-test 30 159 27 29 648 .52
Post-test 30 162 29
Synthesis Pre-test 30 1.14 27 29 393 .69
Post-test 30 1.17 .33
Evaluation Pre-test 30 130 30 29 -1.773 .08
Post-test 30 142 35

As seen in Table 3, there was no statistically significant difference between the pre-test and
post-test averages of the Awareness Scale for Environmental Issues [t(29)=-0.983, p=.33>.05].
When the averages of the sub-dimensions of the scale were compared, a statistically significant
difference [t(29)=3.194, p=.00<.05] was found in the "Knowledge" sub-dimension. When the
other sub-dimensions are analyzed, it is seen that there is no statistically significant difference
between the pre-test averages and post-test averages. The results of the Environmental Attitude
Scale are presented in Table 4.

Table 4 Paired sample t-test results of environmental attitude scale pretest and posttest scores

Score N X s sd t p
Environmental Attitude Scale Pre-test 30 420 39 29 -525 60
Post-test 30 415 .69
Sub Dimensions Emotion Pre-test 30 443 62 29 -882 .38




ODUSOBIAD 1452

Post-test 30 431 .84

Reflection Pretest 30 443 39 29 -1.214 .23
Post-test 30 426 .73

Willingness to Take Action Pre-test 30 363 62 29 1210 24
Post-test 30 3.80 .91

Upon examination of Table 4, findings reveal no statistically significant difference between
students' Environmental Attitude Scale pretest means and posttest means [t(29)=-0.525,
p=.60>.05]. When comparing the means of the scale's sub-dimensions, no statistically
significant differences were identified. The results of the Mathematics Motivation Scale are
presented in Table 5.

Table 5 Paired sample t-test results of mathematics motivation scale pretest and posttest scores

Score N X S sd t p
Mathematics Motivation Scale Pre-test 30 411 49 29 -527 60
Post-test 30 4.06 .71
Sub Dimensions Internal Goal Orientation Pre-test 30 425 .65 29 -591 55

Post-test 30 4.15 .99

Extrinsic Goal Orientation Pre-test 30 415 .66 29 314 75
Post-test 30 420 1.09

Subject Value Pre-test 30 440 64 29 -1.001 .32
Post-test 30 426 .93

Controlling Learning Beliefs  Pre-test 30 414 63 29 -208 .83
Post-test 30 411 .75

Self-efficacy Pretest 30 413 .71 29 -097 92
Post-test 30 412 .95
Test anxiety Prestest 30 411 49 29 1.107 .27

Post-test 30 4.06 .71

Upon examination of Table 5, findings indicate no statistically significant difference between
students' Mathematics Motivation Scale pretest means and posttest means [t(29)=-0.527,
p=.60>.05]. When comparing the means of the scale's sub-dimensions, no statistically
significant differences were identified. The results of the Mathematics Problem Solving Attitude
Scale are presented in Table 6.

Table 6 Paired sample t-test results of mathematics problem solving attitude scale pretest and posttest
scores

Score N X S sd t D
Mathematics Problem Solving Attitude Scale Pretest 30 392 57 29 -1118 27
Posttest 30 379 .72
Sub Dimensions Enjoyment Pre-test 30 380 .84 29 -1.015 .32
Posttest 30 363 .92
Teaching Pre-test 30 39 .40 29 -870 .39

Posttest 30 4.05 .66

As seen in Table 6, findings reveal no statistically significant difference between the pretest and
posttest means of the Mathematics Problem Solving Attitude Scale [t(29)=-1.118, p=.27>.05].
When comparing the means of the scale's sub-dimensions, no statistically significant
differences were identified.

Findings from qualitative data

The findings of the students' views on the meaning of eco-mathematics and its role in solving
environmental issues before and after the project were analyzed under the themes of "the
meaning of eco-mathematics,"," "environmental issues," and "the role of eco-mathematics in
solving environmental issues". The students' views on the theme of "meaning of eco-

mathematics" before and after the project are presented in Image 1.
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Image 1 Students' views on the meaning of eco-mathematics

When Image 1 is examined, it is seen that there are some differences in students' views on the
meaning of eco-mathematics in the pre and post-interviews.

In the pre-project interviews, most of the students were able to relate eco-mathematics only to
mathematics, whereas in the post-project interviews, they emphasized the relationship between
the environment and mathematics more. Some of the participants' views expressing that eco-
mathematics is related to mathematics in the pre-interviews are as follows:

"I think that we will be taught a different version of mathematics than the one shown to us."
(S5-pre)

"The name of your project was eco-mathematics. In terms of the project, solving tests
related to mathematics, playing games." (S12-Pre)

"Mathematics, advanced mathematics, | can't think of anything else." (S6-pre)

"Numbers, subjects related to mathematics come." (S19-pre)

Although many participants stated that they did not know the meaning of eco-mathematics in
the interviews conducted before the project, this response was not found in the interviews
conducted after the project. Some of the participant statements in the pre-project interviews
regarding the meaning of eco-mathematics are as follows:

"I haven't heard of it. | don't know. | can't think of it." (S9-pre)
"I have noidea." (S11-pre)

Some examples of the statements of a few participants who were able to establish the
relationship between eco-mathematics and the environment in the preliminary interviews are as
follows:

"I thought it was something about the environment." (Sé-pre)

"We can come up with something about keeping the environment clean. If we can use the
formulas in the mathematics lesson about the environment, something good can come out."
(S14-pre)

One participant explained the meaning of eco-mathematics as project implementations. An
example statement on this subject is as follows:

"Nothing much is coming. My teacher said we would have a camp, and | thought about that
in the project. We can go somewhere in the project. We can deal with something. We solve
tests in math. We can do something different here." (S26-pre)
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In the final interviews, most of the participants were able to establish the relationship between
eco-mathematics and the environment, stated that eco-mathematics is a combination of
environment and mathematics, and expressed the role of ecological mathematics and
mathematics in solving environmental problems. Sample participant statements are as follows:

"It is related to mathematics because it involves mathematics, and when | say eco, | think
of the environment. Therefore, it is a combination of environment and mathematics." (S6-
final)

"For me, nothing was coming before, after this one-week activity, the combination of
environment and mathematics comes to me." (§20-final)

"Mathematics associated with the environment, how we can use mathematics in daily life.
We need numerical data to measure air pollution." (S24-final

=

In the final interviews, participants who explained the meaning of eco-mathematics based on
the concept of mathematics defined eco-mathematics as fun mathematics, making
mathematics enjoyable, mathematics teaching, and practical mathematics. The statements of
some participants on the subject are as follows:

"The activities are fun, training, trips are coming. Games, mathematics courses, things that
make us love mathematics." (S28-final)

"The math lesson comes, math tests, subjects." (S1-final)

"Mathematics comes to mind, and when | say eco, practical mathematics comes to mind."
(S27-final)

In the last interviews, some participants explained the meaning of eco-mathematics only by

associating it with the environment without mentioning mathematics. Examples of participant
views on this issue are presented below:

"We are coming to teach the wrong things we do. Environment is about air pollution, throwing
garbage into the sea. It is about the environment." (S7-final)

"Protecting the environment, taking garbage from the ground, not destroying natural beauty,
preventing factory fumes, situations arising from car exhaust. Sensitivity to the environment,
damages to the environment, factories, throwing garbage into the sea." (S17-final)

Students' views on the theme of "environmental issues" before and after the project are
presented in Image 2.
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When Image 2 is examined, it is seen that students' views on existing environmental problems
have some common points in the pre- and post-interviews. In the pre-interviews, participant
views were grouped under the codes of "environmental pollution®, "global warming", "living
organisms", "natural disasters" and "desertification and water scarcity". Within the scope of
environmental pollution, which is the most frequently expressed concept related to
environmental problems, the participants expressed the factors that cause environmental
pollution, such as air, water, soil, noise, and light pollution, as well as wastes such as garbage.
Global warming is another environmental problem emphasized. Sample statements on this

issue are as follows:
"Pollution, excessive noise, air pollution, water pollution, all of them" (S16-pre)

"Environmental problems, air pollution, global warming, greenhouse effect and things like
that, noise pollution, water pollution..." (S11-pre)

"Global warming, air pollution, environmental pollution, water pollution" (S7-pre)

Under the code of living organisms, participants stated that endangered animals, the decrease
in the habitats of animals, cutting down trees and unconscious behaviors of people are among
the factors that cause environmental problems. Some participant views on this issue are as
follows:

"Environmental problems, human-made problems. Global warming, greenhouse effect,
desertification, flooding because trees cannot hold the water because people cut them
down." (§27-pre)

"Polluting the habitats of animals, buildings in green areas, global warming, water pollution,
garbage around, unconscious use of cardboard cups." (S10-pre)

When the findings obtained from the last interviews are analyzed, air, water, soil, noise pollution,
and waste are some of the environmental problems emphasized in the last interviews. Sample
statements are as follows:

"Cutting down trees, air, water, nature pollution.” (S1-final)

"Quarantine and mask pollution, masks used in hospitals should be disposed of in a separate
place. There should be medical waste bins, air, exhaust pollution." (S5-final)

"Air, water, soil, nuclear pollution, pine beetles, for example." (S25-final)

In the final interviews, unlike the preliminary interviews, statements regarding the use of non-
renewable energy resources were included. Some statements on this issue are presented below:

"Thinning of the atmosphere, increase in carbon dioxide, rawer materials wasted without
recycling" (S30-final)

"Exhausts of cars, smoke from factories." (S17-final)

In addition, in recent interviews, there has been more emphasis on environmental problems
caused by human behavior. Some examples are presented below:

"Actually, | think it's divided into two, the one caused by humans and the one caused by
natural conditions. People pollute the air and nature. Even though nature tries to solve it, it
has difficulties. There are fires caused by nature. We need to help them, too; nature cannot
do it alone." (S2-final)

"They don't put filters on factory chimneys they pollute the seas and oceans, they throw
garbage on the ground, they pollute the air, and everyone uses cars instead of buses. They
cut down trees and construct buildings instead of them." (S29-final)

"People's unconsciousness, when people are unconscious, the rest comes and then
progresses under the title of unconsciousness. Water pollution, noise pollution, air pollution,
global warming." (S14-final)



"Throwing garbage on the ground, forest fires destroy nature, throwing garbage in the forest,

throwing garbage in the sea." (S17-final)
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The students' views on the theme of "the role of eco-mathematics in solving environmental
issues" before and after the project are presented in Image 3.
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Image 3 Students' views on the role of eco-mathematics in solving environmental issues

As illustrated in Image 3, during pre-project interviews, a substantial proportion of students
responded "l have no idea" when queried regarding the role of eco-mathematics in addressing
environmental problems. For example, one student said, " don't have an answer about it" (S3-pre),
and another student said, "It helps, but | don't know" (S25-pre). Sample statements of some
students who stated that calculations can be made by using eco-mathematics for solving
environmental problems in the preliminary interviews are as follows:

"Finding out how to reduce impurities by calculating and processing them." (S2-pre)

"We can calculate the progress of environmental pollution. We can measure how much it
has grown." (S24-pre)

"For example, in the consumption of energies, calculations tell us how much it will decrease
and increase, that it is cleaner energy if we use renewable energy. By adding the pros and

cons. How many renewable energies are used..." (S30-pre)

"For example, earthquakes happen, buildings collapse, if the thickness and length of those
buildings are made properly, the rate of collapse of buildings may decrease." (S18-pre)

The opinions of some participants who stated that eco-mathematics can be utilized in solving
environmental problems through education are as follows:

"You can tell us; we can act more consciously. You can do this by giving lessons." (S6-pre)

"For example, we count numbers in mathematics, and we collect the plastic garbage around,
for example, if three cardboard cups correspond to one pencil, the plastic cups are brought
there, and gifts are given for that number, people spend less money." (S10-pre)

In the final interviews, students' views on the role of eco-mathematics in solving environmental
problems were categorized under the codes "calculation’, "education," and "environmental
activities". Students stated that calculations could be made to reduce the amount of
environmental pollution, such as air, soil, and water pollution, through mathematics. Some of
the participant views on this issue are as follows:

"We use it in everything; how should we reduce air pollution, how much should we use, oil
waste, fertilizer... We can prevent air pollution. We can reduce our use of deodorant by
proportion, if we use public transportation because more people will be together." (S2-final)

"By making calculations using mathematical calculations and numbers, for example, in one
activity we examined sac beetles. We used a lot of numerical calculations there. When we
randomly leave a red ant in a month, it kills this many pouch beetles in a month; it can be
solved in that way." (S21-final)
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"Sea pollution can be solved; there are machines under the sea that clean the sea; they were
made with mathematics, for example, by calculating the diameter. Air pollution can be
prevented, devices that can prevent the smoke in factory chimneys can be made." (S23-final)

The opinions of some participants who stated that solutions to environmental problems could
be produced through mathematics by making calculations related to statistics, energy use, and
building safety are presented below:

"For example, landslides can be solved with the rate of tree cutting, for example,
nanotechnology is used when building houses. Making them strong prevents houses from
collapsing in an earthquake." (S27-final)

"Mathematics can be used to solve environmental problems. Mathematical operations, ratio,
and proportion can be done, and they can be used to calculate diameter. Using the diameter
of a place. Devices can be developed, and projects can be done using mathematical
operations." (S23-final)

Under the education code, participants stated that mathematics can contribute to the solution
of environmental problems through awareness-raising training. Some of the participant
opinions emphasizing education together with calculation are presented below:

"Raising people's awareness and making them keep the environment clean. There was an
activity about pine trees; if there were too many pine beetles, pine trees would be damaged,
so it was necessary to calculate their number." (S9-Final)

"Raising awareness, raising awareness of children... Just like garbage collection is done by
counting, 300 liters of water is used in a shirt. We can use it for calculation." (S13-final)

"We need to tell people about the environment, about protecting nature. We had a lesson
about water. Using water unconsciously, wasting drinking water, watering the grass for no
reason. We can warn people by hanging posters. We can write a number and say we should
protect trees, we should plant this many trees." (S28-final)

Under the code of environmental activities, participants stated that mathematics can be used in
environmental activities such as reforestation, environmental cleaning, maintaning the balance
of nature, and the use of nanotechnology. Sample participant opinions on the subject are as
follows:

"We cut down trees to produce paper, we measure how much is cut down with numbers. We
need mathematics to plant as much as we cut down." (S24-final)

"By using mathematics, for example, when we were in a smokeless forest fire, we had to Kill
those insects at a certain rate; if we did not follow the rate, the balance of nature would be
disturbed. We need to kill them at that rate; for example, there is mathematics there." (529-
final)

"Something is being done with nanotechnology, garbage disappears faster. We did more
calculations; for example, we used mathematics there." (S6-final)

The findings obtained from the semi-structured interviews conducted at the end of the project
in order to determine the opinions and suggestions of the participants about the activities
carried out during the project process were examined under the themes of "favorite activities"
and "project-related suggestions". The participants' opinions on the theme of "favorite activities"
within the scope of their evaluations of the project activities are presented in Image 4.
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Image 4 Students' views on their favorite activities

When Image 4 is examined, it is seen that the most favorite activities in the students' evaluations
of the activities in the project are collected under the codes of "social activities", "environmental
activities", "mathematics activities," and "agricultural and animal husbandry activities". Within
the scope of social activities, participants stated that they liked design, sports, travel, and music

activities the most. Some participant opinions on this subject are as follows:

"l liked all the activities, but | liked the three-dimensional activities more. Since it is difficult,
it is nice for me to try a little bit." (S29)

"It was making boxes and pencil cases out of bottles. It was to learn new things on the trips.
| liked it because we recycled things, and for example, | did not know how to make a pencil
holder out of bottles, | will try it at home." (S1)

After the project activities, students evaluated the activities in their reflective diaries. Sample
statements related to the social activities code are given below:

"We went to the house of Calikusu, | liked it very much. We went to Meryem Ana, Ephesus
was very beautiful." (S4)

"Orienteering was fun; the most fun activity was the packaging design activity." (S20)

Within the scope of environmental activities, water pollution, nanotechnology, and renewable
energy are among the most popular. Sample participant opinions on this subject are as follows:

"We examined DNA, we looked at different things in the water, for example, we have pine
trees. | always saw things like worms in them. | learned about them. | learned that
nanotechnology can be a solution to many diseases such as cancer." (S14)

"Water pollution. Because it was telling all the bad things about water and | will try not to do
them." (S8)

"I liked them all very much, but | think nanotechnology was one of the lessons. Because |
was very curious about it, | learned it here." (S20)

Examples of the statements in the reflective diaries filled in after the project activities regarding
the environmental activities code are presented below:

"In the second activity, | learned a lot of information about vertebrate animal species in
Turkey and endangered species... Nanotechnology interested me, gave me an idea about
choosing a profession, pine beetles were fun and difficult." (S4)

"Biodiversity was fun, we learned new plant and animal species, | knew some information in
the environmental pollution activity, but we also learned new information." (S20)

"'Renewable energy is informative, fun, green warrior is informative." (S23)
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"I had a lot of fun in laboratory experiments, we also did water purification." (S29)

Participants stated that they liked recycling and drama in mathematics the most among
mathematics activities. Some sample statements on this subject are as follows:

"Recycling. I liked it because we recycle things." (S1)
'Drama. Actually, all the activities were good." (S7)

Within the agriculture and animal husbandry activities, the participants stated that they liked
making natural detergents from raw materials obtained from agricultural production and animal
husbandry during the field trip. The views of one participant on the subject are as follows:

"Detergent making and water purification. It can be used in real life, | can make detergent
instead of buying it." (S27)

Examples of the statements in the reflective diaries related to the code of agriculture and animal
husbandry activities are as follows:

"We went to Fig Research Center, we learned new things about animal husbandry and plants,
| had fun making detergent." (S4)

"We went to Germencik Fig Research Institute, we learned about figs, we learned about
animals, we liked animals, we learned calculations about agriculture.” (S20)

"My day was good, we learned how to grow figs, we learned how to grow flowers in Soke, we
learned about animals, we made dishwashing detergent, it was very nice." (S28)

Students' views on the theme of "project-related suggestions" are presented in Image 5.
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Image 5 Students' suggestions for making the project more effective

When Image 5 is examined, it is seen that the students' suggestions regarding the project are
grouped under the codes of "project structure’, "environmental practices’, "mathematics
activities" and "social activities". Regarding the structure of the project, some participants
suggested extending the duration of the project. Some participant opinions on the subject are
as follows:

"The day can be increased." (S27)
"It could be one month, two months." (S19)

"To do this for another year, for other children to learn and to reduce pollution such as air
pollution." (S28)
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When the findings are analyzed, there is also a suggestion to reduce the number of presentation-
oriented courses or activities regarding the structure of the project. Regarding this issue, one
participant suggested that "conferences can be reduced" (S27).

Participants made suggestions regarding environmental practices such as environmental
cleaning, planting saplings, increasing laboratory experiments, watering the garden, and
observing nature. Sample participant statements are presented below:

"I wish there were an activity to clean the nature." (S1)
"Like planting saplings or watering the garden, spending time in nature." (S30)
"I think we should have done more experiments in the laboratory." (S6)

"More activities can be done in the laboratory. We can examine dirty and clean soil. We can
look at what damage it causes. We can't do it for air, but we can do it for water and soil."
(S25)

Within the scope of mathematics activities, participants suggested that more examples,
problem solving, puzzles, and tests related to daily life problems should be included. Sample
statements on the subject are as follows:

"For example, problem solving could be more." (S22)
"The most that can be done can only be tests with puzzles in mathematics." (S15)
"More activities can be done from daily life." (527)

Within the scope of social activities, participant suggestions included environmental institutions,
social and nature trips, artistic activities, and more sportive activities. Examples of participant
suggestions are as follows:

"Nature trips, more like walking in the forest, walking in the animals..." (S3)

"There could be more trips with different environmental topics. For example, we could go to
certain organizations and explain what we can do." (S4)

"In sportive activities like soccer, basketball... There were fewer than others." (521)

Conclusions and recommendations

The results obtained from the quantitative data of the study show that there was no significant
change in students’ overall attitudes toward mathematics following their participation in the
project. Sezer Evcan et al. (2020) reported similar findings in the TUBITAK 4004 project titled
Mathematics in Our Lives: Agriculture. In that study, it was suggested that the lack of significant
change may be attributed to the limited duration of the project. However, when the sub-
dimensions of the attitude toward mathematics scale were examined, a significant difference
favoring the post-test was found in the “Study” sub-dimension. The literature includes studies
indicating that students enjoy the learning process more during activities conducted outside the
traditional school setting (Kirikkaya et al., 2010). Based on this finding, it can be concluded that
the out-of-school activities conducted as part of the study contributed to increased student
motivation and enjoyment in learning, along with a positive shift in their perceptions of studying
mathematics.

Another finding of the study indicated that there was no overall difference in the level of
awareness regarding environmental problems among the students participating in the project.
However, when the sub-dimensions of environmental problem awareness were analyzed, a
statistically significant difference was identified in the “Knowledge” sub-dimension. From this
perspective, it can be inferred that the activities conducted during the project contributed to
increasing students’ knowledge about environmental issues. Similarly, Ozgel et al. (2018)
reported a significant improvement in the knowledge sub-dimension for the experimental group
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within the scope of nature camp-supported environmental education. It was observed that
similar nature education projects had a positive effect on students' knowledge levels (Avci et al.,
2015). Consistent with these findings, Garcia-Piqueras and Ruiz-Gallardo (2021), in a study
aimed at enhancing students’ achievements and perceptions in mathematics, reported that
students who engaged in a STEM task based on project-based learning demonstrated higher
performance and knowledge levels on mathematics final exams compared to the control group.
Furthermore, international literature highlights that eco-mathematics approaches, which
integrate mathematics and environmental issues, are effective in fostering awareness of
environmental problems. For instance, Skovsmose (2014) emphasizes the formative power of
mathematics by underscoring the importance of critically engaging with mathematics in all
environmental practices. To cultivate individuals’ critical mathematical perspectives and
awareness, it is suggested that real-world challenges such as climate change can serve as a
gateway for individuals to participate as critical citizens in society. (Steffensen, 2017).

As a result of the research, it was revealed that there was no significant difference in the
environmental attitudes, mathematics motivation and attitudes towards solving mathematical
problems of the students who participated in the project. Based on this finding, it can be said
that the duration of the project was not sufficient to create a significant change in environmental
attitudes and mathematics motivation. It is also stated in various studies that the effect of
activities and measurements made in a short time on attitudes and motivation is not sufficient
(Kegeci et al,, 2019; Yologlu & Ugar, 2015).

Upon examination of the qualitative data results, student perspectives regarding the
conceptualization of eco-mathematics were categorized under the themes of "no idea,"
'mathematics," "environment," and "project implementations" during pre-interviews, and under
the themes of "relationship between mathematics and the environment," "'mathematics," and
"‘environment” in the final interviews. While the theme of "no idea" received greater emphasis
prior to the project, the theme of "the relationship between mathematics and the environment"
garnered increased attention following the project implementation. The research findings
demonstrate that at the project's inception, students exhibited inadequate ability to associate
the meaning of eco-mathematics with environmental problems. Within the literature,
investigations examining both the eco-critical approach in eco-mathematics-based programs
and research on environmental mathematics education have revealed the benefits of integrating
these two domains and their positive effects on students (Wolfmeyer & Lupinacci, 2017). As a
result of the study, although students' perspectives on environmental problems comprised
similar statements in both pre- and post-interviews, different emphases emerged during the
interviews. In the pre-interviews, the most frequently cited environmental problem was identified
as global warming; however, in the post-interviews, emphasis was placed on human behaviors
as causative factors of environmental problems. Regarding the role of eco-mathematics in
addressing environmental problems, students articulated their opinions under the themes of "'no
idea," "calculation," and "education” in the pre-interviews, and under the themes of "calculation,"
"environmental activities," and "education” in the post-interviews. Although the pre-interview
results revealed that students had limited understanding of the connection between eco-
mathematics and its role in solving environmental problems, the final interviews demonstrated
a greater number of comments related to environmental activities, with an increased emphasis
on how mathematics can be applied to address these issues. In this context, it can be asserted
that the mathematical modeling activity on agricultural pests, along with other eco-mathematics
activities conducted within the project, facilitated students’ ability to link environmental
problems with mathematics. Steffensen and Kacerja (2021), employing a socio-critical
modeling perspective, investigated students’ thought processes regarding climate change
through the use of a Carbon Footprint Calculator in mathematics classes. Students explored
and evaluated the calculation methods, the influence of various variables representing daily
actions on the footprint, and the emissions at individual, national, and global levels. The findings
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of their study support the notion that eco-mathematics activities positively impact students’
perceptions and perspectives on the role of mathematics in solving environmental problems.

According to the results of the research obtained from the data collected at the end of the
project, the opinions and suggestions of the students regarding the project activities consist of
the themes of "favorite activities" and "project-related suggestions". The students' favorite
activities were grouped under the titles of "social activities" such as three-dimensional works
with waste materials, funnel snatching, dodgeball, "environmental activities" such as
biodiversity, drinking water production routes, "'mathematics activities" such as modeling
including calculations related to agricultural pests, mathematical drama activity with the theme
of environmental pollution, and "agricultural practices" such as wheat planting and the effect of
global warming on agricultural products. The most popular activities were sports and design
activities, as well as the water pollution experiment in the science laboratory where students
performed water treatment. Topalsan et al. (2019) also concluded that students liked the
activities in which they played an active role and carried out field studies more in their science
projects with middle school students. It can be concluded that students expressed more
positive opinions about activities in which they actively participated. Additional findings from the
study indicate that students suggested extending the duration of the project, increasing the
number of environmental activities with active participation, incorporating environmental
practices, including diverse types of mathematics activities, and enhancing social activities.
Similarly, an evaluation of the Our Sea Mediterranean project conducted by Avci et al. (2015) with
middle school students revealed that the interactive activities implemented during the project
had a positive impact on the students. In another project conducted by Akay (2013), it was
stated that middle school students accessed scientific knowledge by having fun. It is seen in
the literature that students are more interested in summer camps, out-of-school activities, and
out-of-class activities in which they are more actively involved rather than lessons that have
rules and are based on a single discipline in their classes or formal education, and that they state
that the time allocated to such activities is short (Aktamis et al.,, 2018; Yazici et al,, 2018). In
summary, the results of the study show that the one-week eco-mathematics project was
ineffective in creating a significant change in students' attitudes towards mathematics and the
environment. However, it increased students' awareness of the role of eco-mathematics in
solving environmental problems, and the general student opinions about the project were
positive.

Limitations of the study and recommendations

Within the scope of the research, students' attitudes towards mathematics and environmental
attitudes, awareness of environmental problems, mathematics motivation, and mathematics
problem solving attitudes were assessed using quantitative measurement tools. In this context,
it may be recommended to conduct qualitative studies that will be structured more in-depth and
over longer periods of time to measure these characteristics. In addition, students' views on the
role of eco-mathematics in solving environmental problems were analyzed through semi-
structured interviews. Through participant observations, studies can be conducted on how
students make sense of the relationship between mathematics and the environment. This study
is limited to students studying in secondary schools that provide access to education through
transportation. Studies can also be conducted with students studying in different cities or
educational levels. Regarding the applications to be carried out, it can be suggested that eco-
critical approach, realistic mathematical modeling, eco-mathematics activities should be
included more in the studies to be carried out on environment and sustainability. Mathematics-
based activities for solving environmental problems can be integrated into education programs
by designing content and learning-teaching process based on real life problems
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Annex 1. Activities

Day Event Name
1.Day Measurement and evaluation activities, opening, environmental problems, economy, environment

and mathematics themed activities and sports activities

2.Day Orienteering, Biodiversity and recycling themed environmental and math education activities
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3.Day Sports activities, activities on water pollution, green technologies and nanotechnology,
mathematical modeling activities on ecological balance, recycling-based geometry and art activities

4. Day Interdisciplinary activities focused on science and mathematics on the chemistry of water, drinking
water pollution and production, global warming, geometry and art activities based on recycling,
sports activities

5.Day Visit to fig research center, interdisciplinary workshop with agriculture and mathematics education
based on the relationship between agriculture, animal husbandry, irrigation and environmental
problems, eco-mathematics themed music and art activities

6. Day Field trips and social excursions, eco-mathematics themed music and art activities

7.Day Seminar on the pandemic process, environmental pollution and the role of mathematics in

understanding it, sports and assessment and evaluation activities and console game
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Ortaokul 6grencileri i¢in eko-matematik proje degerlendirmesi’
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OZET

Bu calismada TUBITAK 4004 Doga Egitimi ve Bilim Okullari gagrisi kapsaminda desteklenen “Ortaokul Ogrencileri
icin Eko-Matematik” projesi kapsaminda ortaokul 6grencilerinin matematige yonelik tutumlari, gevre sorunlarina
yonelik farkindaliklari, gevresel tutumlari, matematik motivasyonlari ve matematiksel problem ¢ozmeye yonelik
tutumlarindaki olasi degisim veya gelisimi incelemek, ayrica proje sonunda eko-matematigin anlami ve eko-
matematigin gevre sorunlarinin ¢gozimundeki yerine dair gorlslerindeki degisiklikleri ve proje ile ilgili genel
duslnce ve onerilerini belirlemek amaglanmistir. Projede surdurilebilirlik, su kirliligi, cevre kirliligi, iklim degisikligi,
karbon salinimi, geri dondstum, ekolojik temizlik malzemelerinin tretimi ve hayvancilik konularina odaklanilmis,
matematik bilgisini arttirmaya yonelik etkinlikler ile sanatsal, sportif ve sosyal etkinliklere yer verilmistir. Calismada
nitel ve nicel arastirma yontemleri bir arada kullanilmistir. Calisma grubunu tasimali egitim yoluyla 6grenim goren
30 ortaokul dgrencisi olusturmaktadir. Calismanin veri toplama araglarini; Matematige Yonelik Tutum Olcedi,
Cevre Sorunlarina Yonelik Farkindalik Olcegi, Cevresel Tutum Olgegi, Matematik Motivasyon Olgedi, Matematik
Problemi Gézme Tutum Olcedi, eko-matematik yari yapilandiriimis goriisme formu ve yansitici katilime giinliikleri
olusturmaktadir. Nicel veriler eslestiriimis orneklemler icin t-testi araciligiyla analiz edilmistir. Nitel verilerin
analizinde ise betimsel analiz ve igerik analizinden yararlaniimistir. Calismanin sonucunda o6grencilerin
matematige yonelik tutum puanlarii¢in calisma alt boyutunda ve gevre sorunlarina yonelik farkindalik puanlarrigin
bilgi alt boyutunda son test lehine anlamli fark bulunmustur. Proje sonrasinda 6grencilerin gevre sorunlari ve eko-
matematik arasindaki iligkiyi daha kolay kurabildikleri, projenin 6grenciler tzerinde olumlu etki biraktigi ve
ogrencilerin projeden keyif aldiklar belirlenmistir.

ANAHTAR KELIMELER

Eko- matematik, ortaokul 6grencileri, proje.
Giris

Iklim degisikligi, kiresel salginlar ve genetigi degistirilmis organizmalar gibi kiresel olgekte
yasanan sorunlar toplumun her kesimini oldugu gibi 6grencileri de etkilemektedir. Bu nedenle
ogrencilerin bu konularda bilgi sahibi olmalari ve okuryazarliklarinin arttiriimasi gelecek icin kritik
oneme sahiptir. Bu da ancak egitimde farkli bir yaklagim ile mumkun olabilir. Sosyal ve ¢cevresel
faktorlerin i¢ ice gegcmis yapisi, egitimde c¢esitli unsurlar degistirerek, ders igeriklerinin
dizenlenmesini gerektirmektedir. Ogrencilerin ders igeriklerine entegre edilecek olan elestirel
vatandaslik egitimi sayesinde cevreye duyarll vatandaglar olabilmeleri mimkindir (Ernest,
2002). Bu nedenle ogrencilerin gunlik hayatta yasanilan konulari anlamlandirabilmeleri igin
elestirel disunme becerisine sahip olmalari gerekmektedir. Elestirel distinme becerisine sahip
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olmak, ogrencilerin gunltk hayatta karsilasabilecekleri problem durumlarini goztmlemelerini
kolaylastiracaktir (Hikayat vd., 2020). Ogrencilerin elestirel distinme becerilerini gelistirmeleri ve
toplumsal konularda demokratik katiim saglayan bireyler olabilmeleri i¢cin matematik egitimi
onemli bir yere sahiptir (Organisation for Economic Co-operation and Development [OECD],
2006). Matematik egitiminde toplumsal konular, matematigin sinifta, ginlik yasamda ve
toplumda kullanim alanlari baglaminda ele alinarak 6grencilerin elestirel vatandaslik gelisimi
desteklenmektedir (Steffensen, 2017). Ginlik hayat problemleri, matematik dersinin igerisine
dahil edildiginde, 6grenciler sahip olduklari bilgiyi isleyip ihtiya¢ duyduklari sekilde degistirerek
¢ozUme ulasabilmektedir. Bu sayede matematik oOgrenimi daha etkin bir sekilde
saglanabilmektedir (Laurens vd., 2017). Ote yandan arastirmacilar, 6grencilerin elestirel
diusunme becerilerinin gelistirilebilmesi igin iklim degisikligi gibi gergek yasam problemlerinin
matematik egitimi icerisinde bulunmasinin nemli oldugunu dile getirmektedir (Abtahi vd., 2017,
Ernest, 2009). Ogrencilerin cevre ve matematik okuryazarliklar, egditime entegre edilmis proje
bazli uygulamalar ve gevre temali etkinlikler ile gelistirilebilmektedir (Merz, 2012).

Matematik, iklim degisikligi gibi cevre sorunlarinin tanimlanmasi, tahmin edilmesi ve bu sayede
anlamlandiriimasinda biyik rol oynamaktadir (Barwell, 2013). Bu sayede gevreye iliskin
problemler modellenerek ¢6zim adimlarinin  uygulanmasi, sorunlara iliskin distnme
bigimlerinin gelistiriimesi ve somutlamalar ile ¢ozimin gergeklestiriimesi saglanir (Hauge ve
Barwell, 2017). Cevre problemlerine iliskin distinme becerilerini gelistirmek ve matematigin
bicimlendirici gicunu ders iceriklerine entegre etmek elestirel matematik egitimi ile mumkun
olmaktadir. Elestirel matematik egitimi, matematik derslerinde hesaplama ve uygulamanin
otesine gecerek matematigi anlamlandirma, gunlik hayatta matematigin yerini kavrama ve iklim
degisikligi gibi ¢evre problemlerinin olusumunu ve onine gegilebilmesi i¢in alinmasi gereken
sorumluluklari kavramayi saglamaktadir (Laurens vd., 2017). Elestirel matematik egitimi ve
modelleme etkinliklerini temel alarak ortaya ¢ikan yaklasim eko-matematik yaklagsimidir. Eko-
matematik etkinliklerinin temelinde karbon ayak izi uygulamalari, iklim degisikligi problemleri gibi
gevre sorunlari yer almaktadir. Eko-matematik etkinlikleri, gevresel gercek yasam problemlerini
ve ekolojik kavramlar matematik ders igerigine modelleme etkinlikleri ile entegre ederek islevsel
ve ogrenciler agisindan ilgi gekici bir icerik sunmaktadir (Merz, 2012). Bu igerikler, 6grencilerin
cevre sorunlari hakkinda bilinglendirilmesini ve cevre sorunlarinin 6nune gecebilmek icin tuketim
davraniglarini deg@istirmelerini saglamaktadir (Salo vd., 2019).

Alanyazindaki calismalar incelendiginde elestirel matematik egitimi kapsaminda ¢ozulmesi
gereken acil konulardan birinin iklim degisikligi oldugu gortlmektedir. Elestirel matematik, iklim
degisikligini bilim insanlarina, politikacilara, politika yapicilara, genel halka ve cocuklara iletmek
icin kullaniimaktadir. Elestirel matematik egitimi ve elestirel vatandaslktan kaynaklanan
fikirlerden yola gikarak, iklim degisikligi konularint matematik 6gretimine dahil etmek sadece etik
bir davranis degil ahlaki bir zorunluluk olarak da gortlmektedir (Abtahi vd, 2017). Egitim
programlari galismalarinda eko-elestirel yaklasim ve eko-matematik egitimi alanlarinin bir arada
ele alinmasinin saglayacadi yararlar tGzerine tartisilmaktadir. Bu kapsamda, sosyal ve ekolojik
projeleri  birbirleriyle iliskilendirerek matematiklestirmeyi amaclayan egitim programlari
onerilmektedir. Boylece, cevre egitimi baglaminda matematik egitimi ile ¢evresel sorunlara
yonelik farkindaligi artirmayr amaclayan c¢alismalara yeni bir gerceve sunulmasi
hedeflenmektedir (Wolfmeyer ve Lupinacci, 2017). Ornedin Steffensen vd. (2018) calismalarinda
iklim degisikligi tartismalarini ve problem durumlarini kullanarak ogrencilerin elestirel matematik
bakis acilarinin gelistiriimesini amaglamistir. Bu ¢calisma farkli degerlere ve bakis acilarina sahip
ogrencilerin  cevresel ve toplumsal sorunlar yorumlarken nasil farklilastiklarini ortaya
koymustur. Matematiksel modellemeyi konu alan bir diger calismada Steffensen ve Kacerja
(2021), sosyo-elestirel modelleme perspektifinden, 6grencilerin matematik dersinde iklim
degisikligiile ilgili bir karbon ayak izi hesaplayicisini kullanirken sergiledikleri distinme sureglerini
incelemistir. Bu c¢alisma, ortaokul ogrencilerinin karbon ayak izini nasil hesapladiklarini,
degiskenlerin ayak izinin buytkltigunu nasil etkiledigini, bilesenleri ve ug degerleri kesfederek
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hesaplamayi nasil anlamlandirdiklarini, hesaplayicinin etkiledigi kisileri ve sinirlamalarini, ayrica
bireysel, ulusal ve kuresel emisyonlar tUzerine dustncelerini ortaya koymustur. Karbon ayak izi
hesaplayicilarinin, bireylerin hayatlarini etkileme gucu ile matematiksel modeller UGzerinde
elestirel yansimalar ortaya koymasi agisindan onemli oldugu distndlmektedir (Steffensen ve
Kacerja, 2021)

Ogrencilerin gevre problemlerini anlamlandirmalari, elestirel bir bakis agisi gelistirebilmeleri ve
gunluk hayat baglamini igeren matematik problemlerini sorgulayarak ¢ozume ulasmalari buyuk
onem tasimaktadir. Ayni anda birden ¢ok sayida disiplini iceren ortak hedeflere ulasabilmek icin
disiplinlerarasi egitim yaklasimi uygulanmasi onerilmektedir (Renert, 2011). Disiplinlerarasi
egitim yaklasimini uygulayan fen, teknoloji, muhendislik ve matematik alanlarini konu alan
yaklasim STEM (Science, Technology, Engineering, and Mathematics) olarak adlandiriimaktadir.
STEM egitimi, ilgili disiplinlerden iki veya daha fazlasini konu alan ve bu disiplinler arasindaki
iliskiyi kesfetmeyi amaclayan yaklagimdir (Brown, 2012). Matematik ve fen kavramlarinin,
muhendislik tasarimi ve teknoloji kullanimi yoluyla uygulamali olarak 6gretiimesini
sa@lamaktadir (Margot ve Kettler, 2019). Bu sayede Ogrenciler gercek hayatta
karsilasabilecekleri bir problemde uygulama yapma imkani bulmaktadir. Okul disi etkinlikleri de
iceren galismalarinda Kim vd. (2018) disiplinlerarasi yaklasimin, 6grencilerin akademik ve sosyal
gelisimini olumlu etkiledigi sonucuna ulasmiglardir. Alanyazindaki ¢alismalar incelendiginde
STEM vyaklasimini ele alan disiplinlerarasi etkinliklerin benzer sekilde egitim ortamlarindaki
olumlu etkisi ortaya konmustur (Henderson vd., 2011; Li vd., 2020; Margot ve Kettler, 2019; Mizell
ve Brown, 2016; Schreffler vd., 2019).

Matematik egitimine yonelik ¢alismalar incelendiginde gunluk yasam olaylari ve STEM yoluyla
matematik egitiminin giderek dnem kazanan bir arastirma alani haline geldigi gortilmektedir
(Hikayat vd., 2020; Laurens vd., 2017). Yapilan sistematik derleme arastirmalari STEM ve cevre
egitimi arasindaki kesisime (Yesil STEM) yonelik arastirmalari artan bir egilim olarak
degerlendirmekte (Li vd., 2020; Margot ve Kettler, 2019; Minichiello vd., 2018) ve son donemde
Yesil STEM'e yonelik gok sayida arastirma yapilmaktadir (Wheland vd., 2013). Ornegin, iklim
degisikligi (Tucker-Raymond vd., 2019), uzaktan algilama ve akilli tohumlar kullanilarak orman
yenilenmesi (Garcia-Piqueras ve Sotos Serrano, 2021) veya fotonik ve yesil gelecek arasindaki
iliski (Pompea vd., 2011) baglaminda islemsel diisinme ve yazilim gelistirme ile ilgili calismalar
gergeklestirilmistir. Bununla birlikte, iklim Dedektifleri (Garcia-Piqueras ve Sotos-Serrano, 2021)
ve Astro Pi (Honess ve Quinlan, 2017) gibi STEM ve gevre bilinciyle ilgili uluslararasi veya yerel
yarismalar yoluyla sosyal ve ekolojik farkindaligi tesvik eden calismalar gerceklestiriimistir.
Sezer Evcan ve diderlerinin (2020) "Hayatimizdaki Matematik: Tarim” baglikli projeleri
kapsaminda yapilan tarimsal ve matematiksel uygulamalarin 6grenciler Uzerinde olumlu etki
biraktigi ve ogrencilerin gunlik yasamda matematigin kullanimina yonelik farkindaliklarinin
arttigi gozlenmistir. Bu calismada proje kapsaminda gergeklestirilen gunluk hayata iligkin
matematik uygulamalarinin, ogrencilerin karsilasabilecekleri gunlik hayat problemleri ile
toplumun ve dunyanin karsl karslya kaldigi gevresel sorunlara yonelik yaratici ¢ozum onerileri
getirebilmelerini kolaylastirmasi ve ogrencilerin ¢evre sorunlarinin ¢ozimunde matematigin
onemine dair farkindaliklarini artirarak egitimde surdurdlebilirlik ilkesinin benimsenmesine katki
saglamasi beklenmektedir. Calismanin bulgulari egitimcilere, eko-matematik temelli etkinliklerin
naslil yapilandirilabilecedi ve bu etkinliklerin 6grenciler Uzerindeki etkilerini daha iyi anlamalari
konusunda yardimci olabilir. Bu anlamda bu ¢alisma, matematik 6gretim programlarinin gevre
odakli etkinliklerle zenginlestirilmesi ve disiplinler arasi 6grenme firsatlari sunma konusunda yol
gosterici olabilir.

Yukarida bahsi gegen alanyazin isiginda, ortaokul 6grencilerinin bu projenin uygulama surecinde
matematige yonelik tutumlari, ¢evre sorunlarina yonelik farkindaliklari, gevresel tutumlari,
matematik motivasyonlari ve matematiksel problem ¢ozmeye yonelik tutumlarindaki, olasi
degisim veya gelisimi incelemek, ayrica proje oncesi ve sonrasinda da eko-matematigin anlami
ve cevre sorunlarinin ¢ozumundeki yerine dair goruslerini ve proje ile ilgili genel gorus ve
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onerilerini belirlemek amaglanmistir. Bu amag dogrultusunda asagida verilen sorulara yanit
verilmeye calisiimistir.

e Katiimcilarin proje sonrasindaki matematige yonelik tutum puanlarinda proje éncesine
gore istatistiksel olarak anlamli fark var midir?

e Katilimcilarin proje sonrasindaki gevre sorunlarina yonelik farkindalik puanlarinda proje
oncesine gore istatistiksel olarak anlamli fark var midir?

e Katiimcilarin proje sonrasindaki cevresel tutum puanlarinda proje oncesine gore
istatistiksel olarak anlamli fark var midir?

e Katiimcilarin proje sonrasindaki matematik motivasyonu puanlarinda proje éncesine
gore istatistiksel olarak anlamli fark var midir?

e Katilmcilarin proje sonrasindaki matematik problemi ¢ozmeye yonelik tutum
puanlarinda proje oncesine gore istatistiksel olarak anlamli fark var midir?

e Katiimcilarin proje oncesi ve sonrasinda eko-matematigin anlami ve gevre sorunlarinin
¢ozUmunde eko-matematigin roltne iliskin gorusleri nelerdir?

e Ogrencilerin proje sirecinde gerceklestirilen etkinlikler hakkindaki goris ve onerileri
nelerdir?

Yontem

Arastirmanin deseni

Bu ¢alismada nitel ve nicel arastirma yontemleri bir arada kullanilmistir. Calismanin nicel yontem
kullanilarak yapilandirilan bolimunde 6grencilerin matematige yonelik tutum, ¢evre sorunlarina
yonelik farkindalik, cevresel tutum, matematik motivasyon ve matematik problemi ¢ozme
tutumlarindaki degisimi gozlemlemek amaciyla tek gruplu on test-son test deneysel desenden
yararlaniimistir. Tek gruplu on test-son test deseni, deneysel bir mudahale oncesinde ve
sonrasinda ayni olgme araclari kullanilarak bir gruptan veri toplama surecini igermektedir
(Blyukoztirk, 2011; Fraenkel ve Wallen, 2006). Bu ¢alismada katilimcilara veri toplama araclari
proje oncesinde on test olarak uygulanmis, proje sureci tamamlandiktan sonra, ayni aracglar son
test olarak yeniden uygulanmistir. Elde edilen on test ve son test puanlarinin ortalamalari
arasindaki farklliklar analiz edilmistir. Calismanin nitel yontemle yapilandirilan bolumunde ise
yari yapilandiriimis gorisme ve dokiman analizinden yararlaniimig, 6grencilerin proje dncesi ve
sonrasl eko-matematigin anlami ve ¢evre sorunlarinin ¢ozimundeki yerine iliskin gorusleri ile
proje surecinde gergeklestirilen etkinlikler hakkindaki gorus ve onerilerini belirlemek amaciyla
etkinliklerin oncesinde on gorusmeler ve proje sonunda son gordsmeler yapilmistir. Proje
surecinde ise her oturumun ardindan yansitici gunltkler uygulanarak, proje streci hakkinda
geribildirim saglamak ve gorisme verilerini tamamlayici nitelikte veri toplamak amagclanmistir.

Calisma grubu

Bu galisma, egitimde firsat esitliginin saglanmasina katkida bulunmak amaciyla dezavantajli
konumda bulunan ve tasima yoluyla egitime erisim saglayan koy okullarinda 6grenim goren
ogrencilerle gerceklestiriimistir. Bu kapsamda ¢alisma, Aydin ilinin farkl ilcelerindeki tasima
yoluyla egitime erisim saglayan ortaokullarda 6grenim goren 7. ve 8. sinif, 16's1 kiz 14U erkek 30
ortaokul grencisi ile gergeklestiriimistir. Katiimeilarin belirlenmesi hususunda Aydin il Milli
Egitim Mudurlugu ile iletisime gecilmis, proje ile ilgili bilgilendirme yapilmis ve ogrencilerin
projede egitimlere katilabilmesi i¢in destek mektubu alinmistir. Ardindan gonallt katilimcilar
belirleyebilmek icin bir katiimci basvuru formu hazirlanmis ve katiimci olmak isteyen
ogrencilere ulastinimistir.  Calisma grubunun belirlenmesinde olgut ornekleme yontemi
kullanilmistir. Olgitler, tasima yoluyla egitime erisim saglayan ortaokullarda 6grenim gorme ve
calismaya katilmaya gonulli olma seklindedir. Okullarin bulundugu ilgeler ve 6grencilerin
cinsiyet dagilimi dengeli olacak sekilde katiimcilar belirlenmistir.
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Veri Toplama Araglan

Proje kapsaminda ortaokul ogrencilerinin matematige yonelik tutumlari, gevre sorunlarina
yonelik farkindaliklari, gcevresel tutumlari, matematik motivasyonlari ve matematiksel problem
¢cozmeye yonelik tutumlarindaki degisim incelenmistir. Bu kapsamda, projenin baslangicinda ve
sonunda katiimcilara 6n test-son test seklinde Matematige Yonelik Tutum Olgegdi, Cevre
Sorunlarina Yonelik Farkindalik Olgegi, Cevresel Tutum Olgegi, Matematik Motivasyon Olgegi ve
Matematik Problem Gozme Tutum Olgegdi uygulanmistir. Ayrica proje oncesi ve sonrasi eko-
matematigin anlami ve gevre sorunlarinin goztmunde eko-matematigin roltune iliskin goruslerini
belirlemek ve proje hakkindaki genel gorts ve onerilerini almak amaciyla ogrencilerle proje
surecinin basinda ve sonunda yari yapilandiriimis gorismeler gergeklestiriimis ve her etkinlik
gununun sonunda ogrencilere yansitict gunlukler uygulanmistir.  Calisma kapsaminda
yararlanilan veri toplama araclarina iliskin bilgiler asagida yer almaktadir.

Nicel veri toplama aragclari
Matematide yonelik tutum olgedi (Onal, 2013)

Onal (2013) tarafindan gelistirilen Matematige Yonelik Tutum Olgegi 22 madde ve dort faktorden
olusmaktadir. Bu faktorler; ilgi, kayg, calisma ve gereklilik seklinde belirlenmistir. Olgek
maddeleri 5'li likert tipi olup “Tamamen Katiliyorum”, “Katiliyorum”, “Kararsizim”, “Katiimiyorum”
ve “Kesinlikle Katilmiyorum” seklindedir. Olgegin gecerlik ve givenirlik calismalari kapsaminda
tim Olgek icin i¢ tutarlilik katsayisi (Cronbach’s alpha katsayisi) .90 bulunmustur. Olgegi
olusturan faktorlerin i¢ tutarlilik katsayisi ise, sirasiyla on maddeden olusan “ilgi” alt boyutu igin
.89, bes maddeden olusan “Kaygl” alt boyutu igin .74, dort maddeden olusan “Calisma” alt boyutu
icin .69 ve U¢ maddeden olusan "Gereklilik" alt boyutu icin .70 seklindedir. Dogrulayici faktor
analizi sonucunda modele iliskin uyum indeksleri GFI1=.91, AGFI=.88, NFI=.96, NNFI=.98, CF|=.98,
RMSEA=.050 olarak hesaplanmis ve olcegin dort faktorll bir yapr olusturdugu dogrulanmistir.
Olcek toplamda varyansin % 55.12'sini aciklamaktadir. Bu calismada ise Cronbach alfa degeri
tekrar hesaplanmis ve tum olgek i¢in .87, birinci alt boyut igin .84, ikinci alt boyut i¢in .79, Gguncu
alt boyut igin .76 ve dorduncu alt boyut i¢in .72 bulunmustur.

Cevre sorunlanna yonelik farkindalik lgedi (Given ve Aydodidu, 2072)

Glven ve Aydogdu (2012) tarafindan gelistirilen, 6 alt boyuttan ve 44 maddeden olusan 6lgegdin
gegerlik ve glvenirlik calismalari sonucunda KMO degeri .82 bulunmus ve olcekteki maddelerin
faktor yiklerinin .49 ile .97 arasinda oldugu gorilmustir. Olcek 3'1U likert tipinde olup “evet”,
“fikrim yok” ve “hayir” seklinde olgeklendiriimistir. Olgegin i¢ tutarlilik katsayisi .90 olarak
bulunmustur. Ayrica her bir faktore iligkin guvenirlik de@erleri ayri ayr hesaplanmis ve ilk faktorde
bulunan sekiz madde icin Cronbach Alfa .95, ikinci faktorde bulunan yedi madde icin .95, Gglncu
faktorde bulunan sekiz madde icin .91, dordiincu faktorde bulunan sekiz madde igin .90, besinci
faktorde bulunan yedi madde igin .75 ve altinci faktorde bulunan alti madde icin.71 olarak
bulunmustur. Olcegin alt boyutlar bilissel alan basamaklarina uygun olarak bilgi, kavrama,
uygulama, analiz, sentez ve degerlendirme seklinde isimlendirilmistir. Bu alti faktor toplam
varyansin % 63'Unu aciklamaktadir. Maddelerin ayirt edicilik indeksleri .21 ile .66 arasinda
degismektedir. Bu calismada hesaplanan Cronbach alfa degerleri ise tim olgek icin .76, birinci
alt boyut igin .74, ikinci ve Uguncd alt boyut igin .72, dordincu alt boyut igin .75 besinci alt boyut
icin .70 ve altincr alt boyut icin .73 bulunmustur.

Cevresel tutum dlgedi (Ozata Yiicel ve Ozkan, 2074)

Ozata Yiicel ve Ozkan (2014) tarafindan gelistirilen Cevresel Tutum Olgeginin ilk alt dlgekte
“davranis” olarak adlandirilan tek boyuttan, ikinci alt olgekte ise “dlstince”, “duygu” ve “eylemde
bulunmaya isteklilik” olmak tzere lc boyuttan olustugu belirlenmistir. Olgek 21 maddeden
olusmaktadir ve olcek maddeleri 5'li likert tipi olmak uzere ‘Hi¢c katiimiyorum’, ‘Cok az
katiyorum’, ‘Orta derecede katiliyorum’, ‘Cok katiliyorum’ ve ‘Tamamen katiliyorum’ seklindedir.
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TUm olgekicin Cronbach alphaiic tutarlilik katsayisi .88 bulunmustur. Birinci alt dlgegin Cronbach
Alpha degeri .84, Guttman Split Half dederi .83 ve Spearman Brown katsayisi .83 olarak
belirlenmistir. ikinci alt dlgegin ise Cronbach Alpha degeri .81, Guttmann Split Half degeri .73 ve
Sperman Brown katsayisi .73 olarak bulunmustur. Birinci alt olgedin  madde-toplam
korelasyonlari .37 ile .67 arasinda, ikinci alt ol¢egin ise .30 ile .77 arasindadir. Birinci alt dlgegin
dogrulayici faktor analizi sonuglarina gore uyum iyiligi indeksleri x2/sd=2.96, RMSEA=.062, GFl=
.94, AGFI=.92, NFl=.94, NNF|=.95, CFl=.96, SRMR=.049 olarak hesaplanmistir. ikinci alt dlgek igin
yapilan dogrulayici faktor analizi sonuglari incelendiginde, x2/sd=2.67, RMSEA=.057, GFI= .92,
AGFI=.90, NFI=.92, NNFI=.94, CFI=.95, SRMR=0.068 seklindedir. Bu galismada ikinci alt ol¢ek
kullaniimis ve hesaplanan Cronbach alfa degerleri tum olgek icin .72, bulunmustur. Davranis alt
boyutu i¢in .84, duygu alt boyutu icin .80, dusunce alt boyutu igin .71 ve eylemde bulunmaya
isteklilik alt boyutu icin ise .72 bulunmustur.

Matematik motivasyon digedi (Aktan ve Tezcj 2013)

Pintrich vd. (1991) tarafindan gelistirilen ve Aktan ve Tezci (2013) tarafindan Turkge'ye
uyarlanan olcegin gecerlik ve guvenirlik c¢alismalart 210 besinci sinif  ogrencisi ile
gerceklestirilmistir. Toplam alti alt boyut ve 27 maddeden olusan dlgedin alt boyutlari sirasiyla
icsel hedef yonelimi (3 madde), digsal hedef yonelimi (4 madde), konu dederi (5 madde),
ogrenme inanglar (5 madde), 6z yeterlik (6 madde), sinav kaygisidir (4 madde). Matematik
Motivasyon Olgegdinin i¢ tutarlilik katsayisi .91 bulunmustur. Alt boyutlara iliskin ic tutarlilik
katsayisl ise .85 ila .94 arasinda degismektedir. Madde toplam korelasyon degerleri ise .62 ila
.89 arasindadir. Olgegin dogrulayic faktor analizi sonuglar incelendiginde, x2/sd=2.32,
RMSEA=.080, GFI= .80, AGFI=.75, NNFI=.90, CFI=.91, SRMR=0.059 olarak belirlenmistir. Bu
calismada ise Cronbach alfa degeri tekrar hesaplanmis ve tim olcek igin .73, birinci alt boyut
icin .70, ikinci alt boyut igin .72, Gglncu alt boyut icin .86, dorduncu alt boyut icin .70, besinci alt
boyut igin .72 ve altinci alt boyut igin .84 bulunmustur.

Matematik problem ¢dzme tutum olgedi (Canakg), 2008)

Canakgcl (2008) tarafindan gelistirilen Matematik Problem Cozme Tutum Olgedi 5'li likert tipinde
ve 19 maddeden olusmaktadir. Olgek gelistirme calismasi 638 ortaokul (6, 7 ve 8. sinif)
ogrencisiyle ydratulmustir. Olgek, iki boyutlu olup ilk boyutunda yer alan 10 madde 6grencilerin
problem ve problem ¢ozmeyle ilgili hoslanma tutumlarini (Hoslanma Boyutu), ikinci boyutunda
yer alan 9 madde ise 6grencilerin problem ¢ozerken kendi, 6gretmen ve sureg ile ilgili tutumlarini
(Ogretim Boyutu) oOlgmektedir. Test- tekrar test teknigi kullanilarak hesaplanan Pearson
korelasyon katsayisi .89 olarak bulunmustur. Cronbach Alfa i¢ tutarlilik katsayilari ise tim olgek
igin .85, hoglanma ve ogretim alt Olgekleri icin sirasiyla .87 ve .77 olarak hesaplanmistir. Bu
calismada hesaplanan Cronbach alfa degerleri ise tim olcek icin .88, hoslanma alt boyutu icin
.92 ve 0gretim alt boyutu igin .75 bulunmustur.

Nitel veri toplama araglari
Eko-matematik yarr-yapilandirimis gordsme formu

Calisma kapsaminda yapilacak gorismelerin kapsamini belirlemek amaciyla ¢evre sorunlarinin
egitim baglaminda ele alinisini ve eko-matematigin bu sorunlarin ¢ozimune yonelik rolinu
vurgulayan ulusal ve uluslararasi galismalar incelenerek arastirmacilar tarafindan taslak yari
yapilandinlmis gorisme formlari hazirlanmistir. Gorisme formlari, egitimlerin basinda ve
sonunda uygulanmak Gzere iki farkli sekilde dizenlenmistir. On gérismede 6grencilerin eko-
matematigin anlamina dair bilgi dtzeyleri, gevre sorunlarinin neler oldugu ve eko-matematigin
bu sorunlarin ¢ozUmunde nasil kullanilabilecegini iceren sorular hazirlanmistir. Son gorusme
sorularr ise bu sorulara ek olarak proje surecini degerlendirme ve projenin etkililigini artirmaya
yonelik onerilerini icermektedir. Hazirlanan taslak formlar d¢ uzman tarafindan incelenmis ve
calismada kullaniimak Uzere nihai halini almistir.

Yansitici katihmcr glinliikleri
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Katihmcilarin proje kapsamindaki egitimlere iliskin gozlem ve deneyimlerini aktarabilmeleri
amaclyla yansitici gtnlukler hazirlanmistir. Yansitici gunluklerde, gun iginde neler ogrendikleri,
neler hissettikleri, etkinligin yararlari, olumlu ve olumsuz yonleri, etkinligin degismesini istedikleri
ozelliklerine iliskin sorular yer almaktadir. Arastirma kapsaminda yansitici gunluklerden elde
edilen verilerden gorisme verilerini destekleyici/tamamlayici veri kaynagl olacak sekilde
yararlaniimistir.

Verilerin toplanmasi ve analizi

Arastirmada veriler, proje oncesinde, proje suresince ve proje sonrasinda olmak Uzere asamali
olarak toplanmistir. Bu baglamda proje etkinlikleri baslamadan once tum katilimcilarla ytz yize
on gorusmeler yapilmistir. Gordsmelerin hemen ardindan ontestler uygulanmistir. Proje
suresince her oturumun ardindan katihmcilardan yansitici gunlukleri doldurmalari istenmistir.
Proje sonunda ise sontestler uygulanmis ve yuz yuze olacak sekilde son gorusmeler yapilmistir.
Projeye baslamadan once veri toplama araglarini gelistiren arastirmacilardan kullanim izni
alinmistir.

Arastirma suresince toplanan nicel verilerin analizinde SPSS 22 paket programi kullaniimis ve
Olgeklere iliskin ontest-sontest puanlari arasinda istatistiksel olarak anlamli bir fark olup
olmadigi eslestirilmis orneklemler icin (paired samples) t-testi araciliiyla analiz edilmistir.
Arastirmada elde edilen verilerin normal dagihm gosterip gostermedigi Shapiro-Wilk testi ve
basliklik ve garpiklik katsayilari ile incelenmistir. Nitel verilerin analizinde ise betimsel analiz ve
icerik analizinden vyararlanilmistir.  Katiimcilar igin  kod isimler kullanilarak anonimlik
saglanmistir. Gorismeler kapsamindaki katilimcr ifadeleri, transkripsiyonun ardindan satir satir
kodlanmis ve benzer yanitlar bir araya getirilerek temalara ulasiimistir. Bu kapsamda iki
arastirmaci es zamanli olarak, bir arastirmaci ise bu iki arastirmacidan bagimsiz olarak verileri
kodlamistir. Elde edilen kodlamalar bir araya getirilerek incelenmis, uyum yuzdesi %91,86 olarak
hesaplanmis (418 koddan 384'G uyumlu) ve uyum sadlamayan kodlarda gorls birligine
variimistir. Yansitici glinluklerdeki ifadeler ise gorisme verilerini destekleyici nitelikte dogrudan
alintilarla sunulmustur.

Galismanin gegerlik ve guvenirlik calismalari kapsaminda olgeklerin i¢ tutarlilik katsayilar
hesaplanmistir. Nitel verilerin inandiricilik, tutarhlik, teyit edilebilirlik ve aktarilabilirliginin
saglanabilmesi amaciyla, veri toplama araclarinin hazirlanmasi ve uygulama surecinin
tasarlanmasl asamalarinda uzman goruslerine basvurulmustur, gorisme ve dokiman
incelemesinden yararlanilarak veri gesitlemesi saglanmaya calisilmistir. Veriler Gg farkli alan
uzmani tarafindan analiz edilmis ve bulgular dogrudan alintilarla desteklenmistir. Veri toplama
ve analiz sureci detayli sekilde aciklanmistir. Ayrica ¢alisma grubu ve uygulama streci detayli
olarak betimlenmeye c¢alisiimistir.

Uygulama siireci

Bu calisma kapsaminda tasima yoluyla egitime erisim saglayan koy okullarinda 6grenim
gormekte olan dezavantajli olarak nitelendirilebilecek ortaokul 6grencileri ile yedi oturum suren,
disiplinler arasi yaklasimi temel alan, gevre egitimi temali matematik etkinliklerini igeren
“Ortaokul o6grencileri icin Eko-Matematik” projesi gerceklestirilmistir. Projede 6grencilerin eko-
matematik kavramina iligkin bilgi ve farkindalik duzeylerinin artirlmasi, gevre farkindalgr ve
gevreye yonelik tutumlarinin olumlu yonde gelistiriimesi, matematik bilgilerinin artinimasi, gevre
ve matematik ogrenmeye yonelik tutum ve motivasyonlarinin gelistirilmesi amaclanmistir.
Projede acik ve kapali uclu deney, bilgi islemsel dustnme, bilimsel gezi ve saha calismasi ve
STEM gibi yaklagimlari iceren etkinlikler gerceklestirilmistir. Planlanan etkinlikler araciligiyla koy
okulu ogrencilerinin eko-matematik kavrami hakkinda bilgi sahibi olmalari, ¢evre ile matematik
arasinda baglanti kurabilmeleri hedeflenmistir. Proje surecinde yapilan eko-matematik
etkinlikleriyle; matematik, kiresel ve yerel gevre sorunlari baglaminda ogrencilere aciklanmaya
calisiimistir. Boylece odrencilerin ekolojik olarak bilgili, empatik ve adalete onem veren
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vatandaslar olarak yetismelerinin saglanmasi ve vyaratici problem ¢ozme becerilerinin
gelistiriimesi  hedeflenmistir.  Bu proje matematik egitiminin  ekolojik  baglamlarla
gerceklestiriimesine yonelik bir kamp olacak sekilde tasarlanmistir. Matematiksel islemler
araciliiyla ekolojik ayak izinin hesaplanmasi ve su kaynaklarinin surdurulebilir sekilde
kullaniimasi, yerel olgekte yapilan yenilenebilir enerji kaynaklari kullanilarak gergeklestirilen
jeotermal seralar ve surdurulebilir tarim hakkinda bilinglendirme faaliyetleri, tarim ve
biyocesitlilik hakkinda bilgilendirme gezileri, iklim degisikliginin biyocesitlilik Uzerindeki olasi
etkileri ve gevresel sorunlar hakkinda farkindalik faaliyetlerini icermektedir.

Etkinliklere iliskin detayli bilgiler Ek 1'de sunulmustur.

Projeye basvuruda bulunan ve katim saglayan ogrencilerin velilerinden bilgilendirilmis onam
formu alinmistir. Arastirma, arastirmacilarin gorev yaptiklari tniversitenin Etik Kurulu tarafindan
incelenmis ve onaylanmistir (Aydin Adnan Menderes Universitesi Egitim Arastirmalar Etik
Kurulu- 29.02.2024 tarih 2. Oturum XXII karar numarasi ). Arastirmanin tim asamalarinda,
katiimcilarin haklarina saygi gosterilerek kisisel verilerinin korunmasina onem verilmis, etik
ilkeler cergevesinde hareket edilmistir.

Bulgular

Nicel verilerden elde edilen bulgular

Calisma kapsaminda gergeklestirilen proje etkinliklerinin, ogrencilerin matematige yonelik
tutumlarina, c¢evre sorunlarina yonelik farkindaliklarina, cevresel tutumlarina, matematik
motivasyonlarina ve matematik problemi ¢ozmeye yonelik tutumlarina etkisini belirlemek icin
ogrencilere ontest-sontest uygulanmistir.

Tablo 1 Katilimcilarin 6ntest ve sontest fark puanlarina iliskin normallik testi sonuglari

Puan Shapiro-Wilk Skewness Sh Oran Kurtosi  Sh Oran
s
z df p
Matematige Yonelik Tutum Sontest- 195 30 .005 -247 427 -.58 1.614 833  1.93
Olcegi Ontest
Gevre Sorunlarina Yonelik Sontest- 151 30 .080 -320 427 -75 1.258 833 1.51
Farkindalik Olcegi Ontest
Cevresel Tutum Olcegi Sontest- 205 30 .002 -.825 427 -1.93 1.155 833  1.39
Ontest )
Matematik Motivasyon Olcegi Sontest- 145 30 109  -607 427 142 1.414 833 1.69
Ontest )
Matematik Problemi Cozme Sontest- 30 -659 427 1.54 1.371 833  1.64
P = 191 .007
Tutum Olgegi Ontest

Arastirmada kullanilan oOlgeklere iliskin ontest ve sontest puan farklarinin normal dagiim
gosterip gostermedigi Shapiro-Wilk testi ve basiklik ve garpiklik katsayilarinin incelenmesi ile
analiz edilmis ve elde edilen sonuglar Tablo 1'de sunulmustur. Tablo 1 incelendiginde projede
yer alan katiimacilara uygulanan “Cevre Sorunlarina Yonelik Farkindalik Olgedi” ve “Matematik
Motivasyon Olgegdi” ontest ve sontest fark puanlarinin normal dadiim gosterdigi (p>.05)
soylenebilir. “Matematige Yonelik Tutum Olgegi” (Shapiro Wilk Z= 0.195, p<.05), “Cevresel Tutum
Olgegi” (Shapiro Wilk Z= 0.205, p<.05) ve “Matematik Problemi Cozme Tutum Olgedi” (Shapiro
Wilk Z= 0.191, p<.05) fark puanlarinin ise normallik varsayimini ihlal ettigi séylenebilir. Bununla
birlikte basiklik katsayisinin basiklik standart hatasina bolumunden elde edilen degerler ile,
carplklik katsayisinin garpiklik standart hatasina bolumunden elde edilen degerler -1.96 ile +1.96
araligindadir (BlyUkozturk, 2012). Bu nedenle grubun her bir o6lgim icin normal dagdiim
gosterdigi soylenebilir. Ontest ve sontest puanlarinin normal dagiim gdstermesi, verilere
parametrik testlerin (t-testi) uygulanabilecedi anlamina geldiginden, bu galismada katilimcilarin
Olgeklerden elde ettikleri ontest ve son test ortalama puanlari arasinda anlamli bir farkin olup
olmadigi iligkili orneklem t-testi araciligiyla incelenmistir. Matematige Yonelik Tutum Olgegdine
iliskin sonuglar Tablo 2'de sunulmustur.
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Tablo 2 Matematige yonelik tutum olgedi ontest ve sontest puanlarinin iligkili drneklem t-testi sonuglari

Puan N X s sd t p
Matematige Yonelik Tutum Olcegi Ontest 30 402 59 29  -875 38
Sontest 30 393 .83
Alt Boyutlar ilgi Ontest 30 396 67 29  -636 53
Sontest 30 390 92
Kaygl Ontest 30 3.50 1.16 29 1.272 21
Sontest 30 370 1.13
Calisma Ontest 30 435 .63 29  -2.371 .02*%
Sontest 30 4.05 .96
Gereklilik Ontest 30 4.44 .66 29  -1.852 .07

Sontest 30 4.21 .88

Tablo 2 incelendiginde Matematige Yonelik Tutum Olgedi 6n test ortalamalari ile son test
ortalamalar arasinda istatistiksel olarak anlamli bir fark olmadigr gortimektedir [t(29)=-0.875,
p=.38>.05]. Olgegin alt boyutlarina iliskin ortalamalari karsilastirildiginda “Calisma” alt boyutunda
istatistiksel olarak anlamli fark [t(29)=-2.371, p=.02<.05] ortaya gikmistir. Cevre Sorunlarina
Yonelik Farkindalik Olgegi'ne iliskin sonuglar Tablo 3'te sunulmustur.

Tablo 3 Cevre sorunlarina yonelik farkindalik 6lcegi ontest ve sontest puanlarinin iliskili drneklem t-testi
sonuglari

Puan N X S sd 1 p
Cevre Sorunlarina Yonelik Farkindalik Olcegi Ontest 30 1.41 19 29 983 33
Sontest 30 143 22
Alt Boyutlar Bilgi Ontest 30 137 26 29 3194 .00*
Sontest 30 150 .30
Kavrama Ontest 30 147 24 29 1.464 15
Sontest 30 153 .26
Uygulama Ontest 30 146 34 29 017 .98
Sontest 30 147 37
Analiz Ontest 30 159 27 29 648 .52
Sontest 30 162 .29
Sentez Ontest 30 114 27 29 393 .69
Sontest 30 117 .33
Degerlendirme Ontest 30 130 30 29 -1.773 08

Sontest 30 142 .35

Tablo 3'de gorildiugu gibi Gevre Sorunlarina Yonelik Farkindalik Olgegi on test ortalamalart ile
son test ortalamalari arasinda istatistiksel olarak anlamli bir fark olmadigi gértlmektedir [t(29)=-
0.983, p=.33>.05]. Olgegin alt boyutlarina iliskin ortalamalari karsilastiridiginda “Bilgi” alt
boyutunda istatistiksel olarak anlamli fark [t(29)=3.194, p=.00<.05] ortaya ¢ikmistir. Diger alt
boyutlar incelendiginde ise on test ortalamalari ile son test ortalamalar arasinda istatistiksel
olarak anlamli bir fark olmadigi goriilmektedir. Cevresel Tutum Olgegine iligkin sonuglar Tablo
4'te sunulmustur.

Tablo 4 Cevresel tutum olgedi Ontest ve sontest puanlarinin iligkili orneklem t-testi sonuglari

Puan N X s sd t p
Cevresel Tutum Olcegi Ontest 30 420 39 29 -525 60
Sontest 30 415 .69
Alt Boyutlar Duygu Ontest 30 443 62 29 -882 38
Sontest 30 431 .84
Disiince Ontest 30 443 39 290 -1214 23
Sontest 30 426 .73
Eylemde Bulunmaya Isteklilik Ontest 30 363 62 29 1210 24

Sontest 30 3.80 91

Tablo 4 incelendiginde o6grencilerin Cevresel Tutum Olcedi 6n test ortalamalari ile son test
ortalamalari arasinda istatistiksel olarak anlamli bir fark olmadigi gorilmektedir [t(29)=-0.525,
p=.60>.05]. Olgedin alt boyutlarina iliskin ortalamalari karsilastirildiginda istatistiksel olarak
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anlamli fark bulunmamistir. Matematik Motivasyon Olgegine iliskin sonuglar Tablo 5'te
sunulmustur.

Tablo 5 Matematik motivasyon olgedi Ontest ve sontest puanlarinin iliskili drneklem t-testi sonuglari

Puan N X S sd t p
Matematik Motivasyon Olcegi Ontest 30 411 49 29  -527 60
Sontest 30 406 .71
Alt Boyutlar icsel Hedef Yonelimi Ontest 30 425 .65 29 -597 55
Sontest 30 415 .99
Digsal Hedef Yonelimi Ontest 30 415 66 29 314 75
Sontest 30 420 1.09
Konu Degeri Ontest 30 440 o4 29  -1.001 .32
Sontest 30 426 .93
Ogrenme Inanclarinin Kontrol Ontest 30 414 63 29  -208 83
Sontest 30 411 .75
Ozyeterlik Ontest 30 413 .71 29  -097 92
Sontest 30 412 95
Sinav kaygisl Ontest 30 411 49 29  1.107 27

Sontest 30  4.06 71

Tablo 5'e bakildiginda 6grencilerin Matematik Motivasyon Olgegi 6n test ortalamalari ile son test
ortalamalar arasinda istatistiksel olarak anlamli bir fark olmadigr gortimektedir [t(29)=-0.527,
p=.60>.05]. Olgegin alt boyutlarina iligskin ortalamalari karsilastinidiginda istatistiksel olarak
anlamli fark bulunmamistir. Matematik Problemi Cozme Tutum Olcegi'ne iliskin sonuclar Tablo
6'da sunulmustur.

Tablo 6 Matematik problemi ¢ozme tutum 6lgegi ontest ve sontest puanlarinin iligkili 6rneklem t-testi
sonugclari

Puan N X S sd t p
Matematik Problemi Gézme Tutum Olcegi Ontest 30 392 57 29 1118 27
Sontest 30 379 g2
Alt Boyutlar Hoslanma Ontest 30 380 84 29 -1015 32
Sontest 30 3.63 .92
Ogretim Ontest 30 396 40 29 -870 39

Sontest 30 4.05 66

Tablo 6'da goriildigu gibi Matematik Problemi Gozme Tutum Olgegi 6n test ortalamalari ile son
test ortalamalar arasinda istatistiksel olarak anlamli bir fark olmadigi gorilmektedir [t(29)=-
1.118, p=.27>.05]. Olgegin alt boyutlarina iliskin ortalamalari karsilastinldiginda istatistiksel
olarak anlamli fark bulunmamistir.

Nitel verilerden elde edilen bulgular

Ogrencilerin proje oncesi ve sonrasinda eko-matematigin anlami ve gevre sorunlarinin
¢ozUmundeki rolune iliskin gorutslerine ait bulgular “eko-matematigin anlami”, “cevre sorunlar”
ve “eko-matematigin ¢evre sorunlarinin ¢ozumundeki yeri” temalari altinda incelenmistir.
Ogrencilerin proje dncesi ve sonrasinda “eko-matematigin anlami” temasina iliskin gorusleri
Gorsel 1'de sunulmustur.
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Matematik ve Ggretimi

Matematik (f=15) (£=10)
Farkls matematik (£=2)
Ekonomik matematik (£=2)
Fikrim yok (£=10) Jeknolojik matematik (f=1
Cevre (£=8)
Proje wygulamalan (£=3) P T ——
Eko-matematiZin Cevreyle matematifin
Anlams birlegimi (=10)
Cevre sorunlarmn
Matematik ve gevre cozimiinde .I:ullamlan
iliskisi (£-20) matematik (€7)
\ Ekolojik matematik (£=3) /
4)[ Son goriigmeler Matematik (f=4) Eglenceli matematik (£=1)
Matematifi sevdirme (£=1)
Matematik SFretimi (f=1)
Cevre (£=3) Pratik matematik (f=1)
.\ = S

Gorsel 1 Ogrencilerin Eko-Matematigin Anlamina iliskin Gorusleri

Gorsel 1 incelendiginde 6grencilerin eko-matematigin anlamina iliskin goruslerinde 6n ve son
gorusmelerde bazi farkliliklar oldugu gortlmektedir.

Proje oncesi gortismelerde ogrencilerin cogu eko-matematigin yalnizca matematikle iliskisini
kurabilmis, proje sonrasi gérlismelerde ise gevre ile matematik iligkisine daha fazla vurgu
yapmiglardir. On gorusmelerde eko-matematigin matematikle iliskili oldugunu ifade eden bazi
katihmci gorusleri ise soyledir:

“Matematigin bize gosterilmis halinden farkli bir halinin 6gretilecegini distintyorum.” (05-

on)

‘Projenizin adi eko-matematikti. Proje agisindan matematikle ilgili test ¢ozmek, oyun

oynamak.” (012-0n)

“Matematik, gelismis matematik, baska aklima gelmiyor.” (06-6n)

“Sayilar, matematikle ilgili konular geliyor.” (019-6n)

Proje oncesinde yapilan gorismelerde cok sayida katilimcr eko-matematigin  anlamini
bilmedigini ifade etmis olmasina ragmen proje sonrasinda yapilan gorismelerde bu yanita
rastlanmamistir. Eko-matematigin anlamina iliskin proje oncesi gortismelerde yer alan bazi
katiimci ifadeleri su sekildedir:

“Duymadim. Bilmiyorum. Aklima gelmiyor.” (09-6n)

“Hig bir fikrim yok.” (011-6n)
On gorismelerde eko-matematigin cevreyle iliskisini kurabilen az sayida katilimer ifadelerinden
bazi ornekler ise asagidaki gibidir:

“Cevre ile ilgili bir sey oldugunu disindim.” (06-6n)

‘Gevreyi temiz tutmakla ilgili bir sey ¢ikabilir. Matematik dersindeki formdlleri gevre ile ilgili
kullanabilirsek ortaya giizel bir seyler ¢ikabilir.” (O14-6n)

Bir katilimcl ise eko-matematigin anlamini proje uygulamalari seklinde agiklamistir. Bu konuya
ornek ifade su sekildedir:

“Fazla bir sey gelmiyor. Hocam kamp yapacagiz dedi projede onu disindim. Projede bir
yerlere gidebiliriz. Bir seylerle ugrasabiliriz. Matematikte test ¢ozlyoruz. Burada farkli bir
seyler yapabiliriz.” (026-6n)
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Son gortsmelerde katilimeilarin gogu eko-matematigin cevre ile iligkisini kurabilmis, cevre ve
matematigin birlesiminden olustugunu ifade etmis ve ekolojik matematik ile matematigin gevre
sorunlarinin gozumundeki rolunu dile getirmiglerdir. Ornek katilimci ifadeleri su sekildedir:

‘Matematik gectigi icin matematikle ilgili, eko deyince gevre geliyor. Bu ylzden gevre ile
matematigin birlesmis hali geliyor.” (O6-son)

‘Benim igin onceden higbir sey gelmiyordu, bu bir haftalik etkinlikten sonra gevre ve
matematigin birlesimi geliyor.” (020-son)

‘Gevre ile iligkilendiriimis matematik, matematigi gunlik hayatta nasil kullanabilecegimiz.
Hava kirliligini dlgmek igin sayisal verilere ihtiyag var.” (024-son)

Son gorusmelerde eko-matematigin anlamini matematik kavramindan yola ¢ikarak agiklayan
katilimcilar, eko-matematigi eglenceli matematik, matematigi sevdirme, matematik ogretimi ve
pratik matematik olarak tanimlamislardir. Bazi katilimcilarin konuya iliskin ifadeleri asagidaki
gibidir:
‘Etkinliklerin eglenceli oldugu, egitimler, geziler geliyor. Oyunlar, matematik kurslari,
matematigi sevdirecek seyler.” (028-Son)

“Matematik dersi geliyor, matematik testleri, konulart.” (01-son)
“Matematik geliyor, eko deyince de pratik matematik geliyor.” (027-son)

Bazi katilimcilar ise son gorusmelerde eko-matematigin anlamini matematikten bahsetmeden
yalnizca gevreyle iliskilendirerek acgiklamiglardir. Buna iliskin katilimei goruslerinden ornekler
asag@ida sunulmustur:

“Yaptigimiz yanlislari 6gretmeniz geliyor. Gevre hava kirliligi ile ilgili, denizlere ¢op atma ile
ilgili. Cevre ile ilgili.” (07-son)
“Cevreyi koruma, yerdeki ¢opleri alma, dogal glzelligi yok etmeme, fabrika dumanlarini

engelleme, arabanin egzozundan gikan durumlar. Gevreye duyarlik, cevreye verilen zararlar,
fabrikalar, denizlere ¢op atiimasi.” (017-son)

Ogrencilerin proje 6ncesi ve sonrasi “gevre sorunlan” temasina iligkin gorisleri Gorsel 2'de
sunulmustur.

Gorsel 2 incelendiginde var olan ¢evre sorunlarina iliskin 6grenci goruslerinin on ve son
gorismelerde bazi ortak noktalara sahip oldugu gorilmektedir. On goriismelerde katiimai
gorusleri “cevre kirliligi®, “kuresel 1sinma”, “canlilar’, “dogal afetler” ve “¢collesme ve su kithgr"
kodlari altinda toplanmistir. Cevre sorunlarina iligkin en ¢cok ifade edilen kavram olan gevre kirliligi
kapsaminda katilimcilar hava, su, toprak, gurultt ve isik kirliliginin yani sira ¢opler vb. atiklar gibi
cevre kirliligine neden olan etmenleri dile getirmiglerdir. Kiresel 1smma da vurgulanan diger

cevre sorunlarindandir. Bu konuya iligkin ornek ifadeler su sekildedir:
“Kirlilik, asiri ses, hava kirliligi, su kirliligi hepsi” (016-6n)
“Gevre sorunlari, hava kirliligi, kiresel 1sinma, sera etkisi filan oyle seyler, gurdltd kirliligi, su
kirliligi...” (O11-6n)

“Kiresel 1sinma, hava kirliligi, cevre kirliligi, su kirliligi" (07-6n)
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Gorsel 2 Ogrencilerin Var Olan Gevre Sorunlarina iliskin Gorusleri

Insan davransglan (£=7)
Orman yanginlar (£=2)

Canlilar kodu altinda ise katilimcilar nesli tikenen hayvanlar, hayvanlarin yasam alanlarinin
azalmasi, agaglarin kesilmesi ve insanlarin bilingsizce davranislarinin ¢evre sorunlarina yol agan
etmenler arasinda oldugunu belirtmislerdir. Bu konuya iliskin bazi katiimci gorusleri asagidaki
gibidir:
‘Gevre sorunlar, insanlarin yarattigi sorunlar. Kuresel isinma, sera etkisi, ¢ollegsme, sel glinku
insanlar agaglari kestikleri igin adaclar tutamiyor sulari.” (027-6n)

“Hayvanlarin yasam alanlarinin kirletilmesi, yesillik alanlara binalar yapilmasi, kiresel isinma,
su kirliligi, etrafta goplerin olmasi, bilingsiz karton bardak kullaniimasl.” (O10-6n)

Son gorusmelerden elde edilen bulgular incelendiginde gevre Kirliligine iliskin hava, su, toprak,
gurdiltu kirliligi ve atiklar son gorismelerde de tzerinde durulan gevre sorunlarindan bazilaridir.
Ornek ifadeler su sekildedir:

“Agaclarin kesilmesi, hava, su, doga kirliligi.” (O1-son)

‘Karantina ile maske kirliligi, hastanelerde kullanilan maskelerin ayri bir yere atimasi

gerekiyor. Tibbi atik kutular olmaliydi, hava, egzoz kirliligi.” (O5-son)

“Hava, su, toprak, niikleer kirlilik, gam kese bocekleri mesela.” (025-son)

Son gortsmelerde on goriismelerden farkli olarak, yenilenemez enerji kaynaklarinin kullanimina
iliskin ifadeler yer almistir. Bu konuya iliskin bazi ifadeler asagida sunulmustur:

‘Atmosferin incelmesi, karbondioksitin gogalmasi, geri donisim olmayinca daha gok
hammadde harcanmas!” (030-son)

“Arabalarin egzozlar, fabrikalardan duman gikiyor.” (017-son)

Buna ek olarak, son gorismelerde insan davraniglarinin neden oldugu ¢evre sorunlarina daha
fazla vurgu yapilmistir. Bazi 6rnekler asadida sunulmustur:

“Aslinda ikiye ayriliyor bence, insanlardan kaynaklanan ve dogal sartlarda olan. insanlar
havayi, dogay! kirletiyor. Doga ¢ozmeye galigsa da zorlaniyor. Dogadan kaynakli olan
yanginlar oluyor. Onlara da yardim etmemiz gerekiyor, doda tek basina yapamaz.” (02-son)

“Fabrika bacalarina filtre takmiyorlar, denizleri okyanuslari kirletiyorlar, yerlere ¢op atiyorlar,
havayi kirletiyorlar, otobus yerine araba kullaniyor herkes. Agaglari kesiyorlar onlar yerine
binalar yapiyorlar.” (029-son)

“Insanlarin bilingsizligi, insanlar bilingsiz olunca gerisi gelir sonra bilingsizlik baghgr altinda
ilerler. Su kirliligi, gUraltu kirliligi, hava kirliligi, kiresel 1sinma.” (O14-son)

“Yerlere ¢Op atiimasi, orman yanginlari dogay mahvediyor, ormana ¢op atiimasi, denize gop
atiimasl.” (017-son)
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Ogrencilerin proje dncesi ve sonrasinda “eko-matematigin gevre sorunlarinin ¢ézimiindeki yeri”
temasina iliskin gorusleri Gorsel 3'te sunulmustur.

Fikrim yok (£=14)

Cevre kirlilizi (£=6)
Enerji tiketimi (F=1)

L Bina giivenligi (f=1)
4)[ On Goriigmeler Hesaplama (£=7) ( Bilinglendirme (£=6) B
Cevre temali matematik
Egitim (£=7) L etlinlikleri (f=2) )
{ Eko-matematiFin Cevre J ' Cevre kirlilisi (£=8)
Sorunlarinin Cozomindeki Yeri Tstatistik kull (=5)
Hesaplama (f=15) Enerji tiketimi (1)

Bina givenligi (f=1)
Agaclandirma (f=2)
Cevre temizligi (F=1)

Dogann dengesini zaglama (f=1)

Cevre faaliyetleri
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L Nanoteknoloji kullanmm (£=1) )

Gorsel 3 Ogrencilerin Eko-Matematigin Gevre Sorunlarinin Goziimiindeki Yerine iliskin Gorusleri

Gorsel 3'te gordldugu gibi, proje oncesindeki gorusmelerde eko-matematigin gevre sorunlarinin
¢ozimiindeki yerine iliskin égrencilerin dnemli bir kismi “fikrim yok” yanitini vermistir. Ornegin
bir 6grenci; “onunla ilgili bir cevabim yok.” (03-6n), bir dider 6grenci ise “vardimci olur ama bilmiyorum”
(025-0n) ifadelerini kullanmistir. On goriismelerde cevre sorunlannin ¢ozimine iliskin eko-
matematigi kullanarak hesaplama yapilabilecegini belirten bazi 6grencilerin ornek ifadeleri su
sekildedir:

“Hesaplayarak nasil kirleri azaltacagimizi bulup onlari isleme gecirmek.” (02-6n)
“Cevre kirliliginin ilerlemesini hesaplayabiliriz. Ne dlciide biyidugini dlgebiliriz.” (024-6n)
“Mesela enerjilerin tuketiminde hesaplamalar, ne kadar azalacagdi ve gogalacagi, yenilenebilir

enerji kullanirsak daha temiz enerji oldugunu soyler. Eksileri ve artilari toplayarak... Kag tane
yenilenebilir enerji kullanildidr...” (0306n)

‘Mesela depremler oluyor, binalar yikiliyor ya, o binalarin kalinhigi, uzunlugu dtizglnce
yapilirsa binalarin yikilma orani azalabilir.” (018-6n)

Egitimler yoluyla ¢evre sorunlarinin ¢ozimunde eko-matematikten yararlanilabilecegini belirten
bazi katilimcilarin gorusleri ise soyledir:

“Bize anlatabilirsiniz, daha bilingli davranabiliriz. Bunu dersler vererek yapabilirsiniz.” (06-6n)

‘Mesela matematikte sayi sayiyoruz, etraftaki plastik ¢opleri toplayip, 3 karton bardak 1
kaleme denk gelse mesela, pet bardaklar oraya getirilip o sayi kadar hediye verilir, insanlar
daha az para harcamis olur.” (O10-6n)

Son gordsmelerde ogrencilerin gevre sorunlarinin ¢ozidmunde eko-matematigin yerine iliskin
gorusleri “hesaplama”, “egitim” ve “gevre faaliyetleri” kodlari altinda toplanmistir. Ogrenciler
matematik araciliiyla hava, toprak, su kirliligi gibi ¢evre kirliligi miktarlarinin azaltiimasina iliskin
hesaplamalar yapilabilecegini belirtmislerdir. Bu konuya iliskin bazi katilimer gorisleri su
sekildedir:

“Her seyde kullaniyoruz, havanin kirini nasil azaltmaliyiz, ne kadar kullanmaliyiz, petrol atiklari,
gubre... Hava kirliligini 6nleyebiliriz. Deodorant kullanimimizi orana vurursak azaltabiliriz,
toplu tasima kullanirsak daha ¢ok kisi bir arada olacagi igin.” (02-son)

“Matematiksel hesaplamalari ve sayilari kullanarak hesaplama yaparak, mesela bir etkinlikte
kese boceklerini incelemistik. Orada ¢ok fazla sayisal hesap kullandik. Onlarda rastgele
kirmizi karinca bir ayda biraktigimizda bir ayda bu kadar kese bocegi oldirdyor gibi, o sekilde
¢ozilebilir.” (021-son)

“Deniz kirliligi ¢ozulebilir, denizin altinda makineler oluyor temizligi gideren, onlar matematik
ile yapildi mesela, gapi hesaplanarak. Hava kirliligi onlenebilir, fabrika bacalarinda o duman
onleyebilecek cihazlar yapilabilir.” (023-son)
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Istatistik ve enerji kullanimi ve bina guivenligine iliskin hesaplamalar yaparak gevre sorunlarina
matematik araciligiyla ¢ozum uretilebilecegini dile getiren bazi katiimci gorusleri ise asagida

sunulmustur:

“‘Mesela heyelan, agac¢ kesmenin orani ile ¢ozulebilir, mesela evler yapilirken nanoteknoloji

kullanilir. Saglam yapmak depremde evlerin yikilmasini 6nler.” (027-son)

“Cevre sorunlarini gozerken matematikten yardim alinabilir. Matematiksel islemler, oran
oranti yapilabilir, cap hesaplanirken kullanilabilir. Bir yerin ¢api kullanilarak. Matematiksel

islemler kullanilarak aygitlar gelistirilebilir, projeler yapilabilir.” (023-son)

Egitim kodu altinda ise katilimcilar bilinglendirme egitimleri yoluyla matematigin ¢evre
sorunlarinin ¢ozudmune katkida bulunabilecegini ifade etmiglerdir. Hesaplama ile birlikte egitim

vurgusu yapan bazi katilimer gorusleri asagida sunulmustur:

“Insanlar bilinglendirerek onlarin gevreyi temiz tutmasini saglamasi. Gam agdaglari ile ilgili bir
etkinlik vardi, cam kese bocekleri gok olursa cam agaglari zarar gorirdd, o ylzden sayisini

hesaplamak gerekiyordu.” (09-Son)

“Bilinglendirmek, c¢ocuklari bilinglendirmek... Cop toplamanin sayiyla yapilmasi gibi, bir

gomlekte 300 litre su kullaniliyor. Hesaplama igin kullanabiliriz.” (013-son)

“Insanlara gevre ile ilgili seyler anlatmaliyiz, dogayr korumasini anlatmaliyiz. Bir dersimiz
vardi, su ile ilgili. Suyu bilingsiz yere kullanmak, icme sularini telef etmek, bos yere otlari
sulamak. Afis asarak insanlari uyarabiliriz. Sayr yazip agaglari korumalyiz, bu kadar

dikmeliyiz gibi.” (028-son)

Cevre faaliyetleri kodu altinda katiimcilar agaclandirma, gevre temizligi, doganin dengesinin
saglanmasi  ve nanoteknoloji  kullanimi  gibi  cevre
yararlanilabilecegini belirtmiglerdir. Konuya iliskin drnek katilimer gorusleri su sekildedir:

“Adaclari kesiyoruz kagit yapmak icin, ne kadar kesildigini sayilarla olglyoruz. Kesilen kadar

dikmek icin matematige ihtiyag var.” (024-son)

“Matematik kullanilarak, mesela agaclari, dumansiz orman yanginindayken belli bir oranla o
bocekleri oldirmemiz gerekiyordu, orana uymazsak doganin dengesi bozulacakti. O oranla

oldirmemiz lazim, mesela orada matematik var.” (029-son)

“Nanoteknoloji ile bir sey yapiliyormus, gopler daha hizli yok oluyormus. Biz daha gok

hesaplamalar yaptik mesela, matematigi orada kullandik.” (06-son)

Katilimcilarin  proje surecinde gercgeklestirilen etkinlikler hakkindaki gorts ve onerilerini
belirlemek amaciyla proje sonunda yapilan yari yapilandiriimis gorismeler sonucunda elde
edilen bulgular “en sevilen etkinlikler” ve “projeye iligkin oneriler” temalari altinda incelenmistir.
Katiimcilarin proje etkinliklerine iliskin degerlendirmeleri kapsaminda “en sevilen etkinlikler”

temasina iliskin gorusleri Gorsel 4'te sunulmustur.
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Gorsel 4 Ogrencilerin En Sevdikleri Etkinliklere iliskin Gorisleri

faaliyetlerinde  matematikten
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Gorsel 4 incelendiginde ogrencilerin projede yer alan etkinliklere iliskin degerlendirmelerinde en
sevilen etkinliklerin “sosyal etkinlikler”, “cevre etkinlikleri, “matematik etkinlikleri” ve “tarim ve
hayvancilik etkinlikleri” kodlar altinda toplandigi gortlmektedir. Sosyal etkinlikler kapsaminda
katiimcilar en gok tasarim, spor, gezi ve muzik etkinliklerini sevdiklerini dile getirmislerdir. Bu
konuya iliskin bazi katilimci gorusleri asagidaki gibidir:
“Butun etkinlikleri sevdim, ama g boyutlu yaptigimiz etkinlikler daha gok hoguma gitti. Zor
oldugu igin, biraz ugrasmamiz giizel oluyor benim igin.” (029)

“Kutu yapma ve siselerden kalemlik yapmakti. Gezilerde yeni seyler 6grenmekti. Esyalari geri
donustlrdigumiz igin hosuma gitti, hem de mesela siseden kalemlik yapmayi bilmiyordum,
evde de deneyecegim.” (01)

Proje etkinliklerinin ardindan ogrenciler doldurduklan yansitici gunltklerde de etkinlikleri
degerlendirmislerdir. Sosyal etkinlikler koduna iliskin ornek ifadeler asagdida yer almaktadir:

“Calikusu evine gittik, gok hosuma gitti. Meryemana'ya gittik, Efes gok giizeldi.” (04)
“Oryantiring eglenceliydi, en eglenceli etkinlik ambalaj tasarlama etkinligiydi.” (020)

Cevre etkinlikleri kapsaminda su kirliligi, nanoteknoloji ve yenilenebilir enerji etkinlikleri en cok
sevilen etkinlikler arasinda yer almistir. Bu konudaki ornek katiimei gorasleri su sekildedir:

“DNA'lar inceledik suyun icindeki degisik seylere baktik, cam agaglari mesela bizim de var.
Ben onlarda da hep solucan gibi seyler gortuyordum. Onlar hakkinda bilgilendim.
Nanoteknolojinin kanser gibi pek cok hastaliklara ¢oziim olabilecegini 6grendim.” (014)Su
kirliligi. CUnkU su hakkinda olan tim kotu seyleri anlatiyordu ve ben bunlan yapmamaya
calisacagim.” (O8)

“Hepsini cok sevdim ama derslerden nanoteknoloji galiba. Glnku ben gok merak ediyordum.
Ogrenmis oldum burada.” (020)

Proje etkinliklerinin ardindan doldurulan yansitici gunluklerdeki ifadelerden gevre etkinlikleri
koduna iligkin ornekler asagida sunulmustur:

“Ikinci etkinlikte Turkiye'deki omurgali hayvan tirlerini, nesli tikenmekte olan canlilar ile ilgili
ok bilgi ogrendim... Nanoteknoloji ilgimi gekti, meslek segiminde fikir verdi, gam kese
bocekleri edlenceli ve zordu.” (04)

‘Biyolojik gesitlilik eglenceliydi, yeni bitki ve hayvan turleri 6grendik, gevre kirliligi etkinliginde
bazi bilgileri biliyordum ama yeni bilgiler de 6grendik.” (020)

“Yenilenebilir enerji bilgi verici, eglenceli, yesil savasci bilgilendirici.” (023)
“Laboratuvar deneylerinde cok eglendim, su aritma da yaptik.” (029)

Katiimcilar matematik etkinlikleri icerisinde en ¢ok geri donusum ve matematikte drama
etkinligini sevdiklerini belirtmislerdir. Bu konudaki bazi ornek ifadeler su sekildedir:

“Geri donuisim. Esyalari geri donistirdiugimiz icin hosuma gitti.” (O1)
“‘Drama. Aslinda tiim etkinlikler giizeldi.” (07)

Tanm ve hayvancilik etkinlikleri icerisinde ise katilimcilar alan gezisi sirasinda gerceklestirdikleri
tarimsal Uretimle elde edilen hammaddelerden dogal deterjan yapimi ve hayvanciligi sevdiklerini
ifade etmiglerdir. Konuya iliskin bir katiimcinin gorusleri su sekildedir:

‘Deterjan yapimi ve su aritma. Gergek yasamda da kullanilabilir, almak yerine deterjan
yapabilirim.” (027)

Yansitici gunluklerdeki ifadelerden tarim ve hayvancilik etkinlikleri koduna iligkin ornekler su
sekildedir:
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“Incir Arastirma Merkezi'ne gittik, hayvancilik ve bitki konularinda yeni seyler 6grendik,
deterjan yaparken eglendim.” (04)

“Germencik incir Arastirma Enstitiisii'ne gittik, incirlerle ilgili bilgiler 6grendik. Hayvanlarla
ilgili bilgiler 6grendik, hayvanlari sevdik, tarimla ilgili hesaplamalar 6grendik.” (020)

‘Gunum  glzeldi, incir nasil yetistirilir onu 6grendik, Soke'de gigek nasil yetistirilir onu
ogrendik, hayvanlarla ilgili seyler 6grendik, bulasik deterjani yaptik, gok giizeldi.” (028)

Ogrencilerin “projeye iliskin oneriler” temasina iliskin gorisleri ise Gorsel 5'te sunulmustur.

i ™
Siire uzatim (f=4)
Sunumlan azaltma (f=2)
A S
Projenin yapis: (£=3) ( Temizlik (£2)

Fidan dikme (f=2)
Laboratuvar deneylerini
artirma (f=2)

Cevre uygulamalan Bahge sulama (f=1)
(£=5) \_ Gazlem yapma (£=1) J/

. |
Giinliik hayat Groekleri

Matematik etkintilleri &=
(£=4) Problem gdzme (f=1)
Bulmaca ve test (f=1)
X S v i A i)

— (Cevre kurumlanma gezi (=2
Sosyal etkinlikler Sosyal gezi (£=1)
Doga gezileri (f=1)
Sanatzal etkinlik (£=1)
Spor faalivetlerini artirma
\ (=1) )
Gorsel 5 Ogrencilerin Projenin Daha Etkili Hale Getirilmesine Yonelik Onerileri

Projeye Iligkin
Oneriler

1l

—
i
&

Gorsel 5 incelendiginde ogrencilerin projeye iliskin onerilerinin “projenin yapisi®, “cevre
uygulamalar”, “matematik etkinlikleri” ve “sosyal etkinlikler” kodlari altinda toplandig
gorulmektedir. Projenin yapisina iliskin bazi katiimcilar proje suresinin uzatiimasi onerisinde
bulunmusglardir. Konuya iliskin bazi katiimci gortsleri su sekildedir:

“Gin arttinlabilir.” (027)
“Bir ay, iki ay olabilirdi.” (019)

‘Bunun bir sene daha yapilmasi, baska gocuklarin da ogrenmesi ve hava Kkirliligi gibi
kirliliklerin azalmasi.” (028)

Bulgular incelendiginde projenin yapisina iligkin ayrica sunum agirlikli derslerin veya etkinliklerin
azaltilmasi onerisi yer almaktadir. Bu konuya iliskin bir katiimei “konferanslar azaltilabilir” (027)
Onerisinde bulunmustur.

Katiimcilarnin gevre uygulamalarina iliskin gevre temizligi, fidan dikme, laboratuvar deneylerini
artirma, bahce sulama ve doJada gozlem yapma seklinde onerileri bulunmaktadir. Ornek
katiimci ifadeleri asagida sunulmustur:

“‘Dogay! temizlemek icin bir etkinlik olsaydi keske.” (O1)
“Fidan dikmek gibi ya da bahce sulamak gibi, dogada vakit gecirmek gibi.” (030)
“Bence daha fazla deney yapmaliydik. Laboratuvarda.” (06)

‘Laboratuvarda daha gok etkinlik yapilabilir. Kirli ve temiz topragi inceleyebiliriz. Ne zararlar
veriyor bakabiliriz. Hava igin bakamayiz ama su ve toprakta olabilir.” (025)

Matematik etkinlikleri kapsaminda ise katilimcilar, gtinlik hayat problemlerine iliskin daha fazla
ornek, problem ¢ozme, bulmaca ve testlere yer verilmesinini onermislerdir. Konuya iliskin ornek
ifadeler su sekildedir:

“Mesela problem ¢cdzme daha cok olabilirdi.” (022)

“En cok yapilabilecek matematikte sadece bulmacali testler olabilir.” (015)
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“Gunlik hayattan daha gok etkinlik yapilabilir.” (027)

Sosyal etkinlikler kapsaminda katilimci onerileri ¢cevre kurumlari, sosyal ve doJa gezileri,
sanatsal etkinlikler ve daha fazla sportif faaliyet olmasi seklindedir. Katihmci onerilerinden
ornekler asagidaki gibidir:

‘Doga gezileri, daha fazla ormanin iginde gezmek gibi, hayvanlarin icinde gezmek gibi...” (03)

‘Farkli gevre konular olan daha cok geziler olabilir. Mesela, belli kuruluglara gidilip
yapabilecegimiz seyler anlatilabilirdi.” (04)

“Sportif faaliyetlerde futbol, basketbol gibi... Daha az vardi digerlerine gore.” (021)

Sonug ve oneriler

Arastirmanin nicel verilerinden elde edilen sonuglari, projeye katilan ogrencilerin matematige
yonelik tutumlarinda bir farklilik olmadigini gostermektedir. Sezer Evean vd.'nin (2020) TUBITAK
4004 “Hayatimizdaki Matematik: Tarm” projesinde benzer sonuglari elde ettikleri
gorulmustdr. Bu c¢alismada da durumun sebebinin  proje sdrecinin  sinirll bir streden
olusmasindan kaynaklanabilecegi belirtiimistir. Matematige yonelik tutuma iliskin alt boyutlar
incelendiginde ise “Calisma” alt boyutunda son test lehine anlamli fark ortaya ¢ikmistir Alan
yazinda okul ortami disinda gergeklestirilen etkinliklerde ogrencilerin 6grenme strecinden keyif
aldiklarina iliskin calismalara rastlanmaktadir (Kirikkaya vd., 2010). Bu bulgudan hareketle,
arastirma kapsaminda farkli ortamlarda gergeklestirilen etkinliklerin 6grencilerin daha motive
olmalarini ve 6grenmeden keyif almalarini sagladigi, ayrica matematik calismaya yonelik
algilarinda olumlu bir degisim meydana geldigi soylenebilir.

Arastirmanin bir diger sonucuna gore, - projeye katilan ogrencilerin ¢evre sorunlarina yonelik
farkindalik duzeylerinde bir farklilik gozlenmemistir. Gevre sorunlarina yonelik farkindaligin alt
boyutlarina bakildiginda, “Bilgi” alt boyutunda istatistiksel olarak anlamli fark ortaya gikmistir.
Buradan hareketle proje surecindeki etkinliklerin, 6grencilerin ¢evre sorunlarina yonelik bilgi
dizeylerine katki sagladigi séylenebilir. Ozgel ve digerlerinin (2018) doga kampi destekli gevre
egitimi kapsaminda gerceklestirdikleri calismalarinda da bilgi alt boyutunda deney grubu lehine
anlaml fark ortaya ¢ikmistir. Benzer doga egitimi projelerinin ogrencilerin bilgi duzeylerine
olumlu etki sagladigi gozlenmistir (Avci vd., 2015). Bu sonuglara paralel olarak, Garcia-Piqueras
ve Ruiz-Gallardo’nun (2021), o6grencilerin matematik alanindaki kazanimlarini ve algilarini
gelistirmek amaciyla gergeklestirdikleri ¢alismada, proje tabanli 6grenmeye dayali bir STEM
gorevi yerine getiren ogrencilerin matematik final sinavlarindaki performanslarinin ve bilgi
duzeylerinin kontrol grubuna gore arttigi tespit edilmistir. Bunun yaninda, uluslararasi alan
yazinda, matematik ve cevrenin birlikte ele alindigi eko-matematik galismalarinin gevresel
sorunlara yonelik farkindaligin gelismesinde etkili oldugu belirtimektedir. Ornegin Skovsmose
(2014), matematigin gevreyle ilgili tim uygulamalarda elestirel olarak ele alinmasinin ne kadar
onemli oldugunun altini gizerek matematigin bigimlendirici glcu Uzerinde durmaktadir.
Bireylerin elestirel matematik bakis agisini ve farkindaligini gelistirmek igin, iklim degisikligi gibi
gercek dunya sorunlarinin, onlarin toplumda elestirel birer vatandas olarak yer almalari icin bir
gecit gorevi gorebilecedi one slrllmektedir (Steffensen, 2017).

Arastirma sonucunda projeye katilan o6grencilerin gevresel tutumlari, matematik motivasyonlari
ve matematik problemi cozmeye yonelik tutumlarinda anlamli fark bulunmadigi ortaya ¢ikmistir.
Bu bulgudan hareketle proje suresinin, cevresel tutum ve matematik motivasyonuna iligskin
anlamli ol¢ude degisim yaratmak icin yeterli olmadigi sOylenebilir. Kisa surede yapilan etkinlikler
ve Olcumlerin, tutum ve motivasyon Uzerindeki etkisinin yeterli dizeyde olmadigi cesitli
calismalarda da dile getirilmektedir (Kegeci vd. 2019; Yologlu ve Ugar, 2015).

Arastirmanin nitel verilerinden elde edilen sonuglar incelendiginde eko-matematigin anlamina
iliskin ogrenci goruslerinin on gorusmelerde “fikrim yok”, “matematik’, “cevre” ve “proje

RN

uygulamalar” temalari, son gorismelerde ise “matematik ve cevre iligkisi’, “matematik” ve
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“cevre” temalari altinda toplandidi belirlenmistir. Proje 6ncesinde “fikrim yok” temasina daha ¢ok
vurgu yapilirken, proje strecinin ardindan “matematik ve cevre iliskisi” temasinin daha fazla
vurgulandigr  gorulmektedir. Arastirma bulgular projenin baslangicinda ogrencilerin - eko-
matematigin anlamini gevre sorunlariyla iliskilendirmede yetersiz olduklarini gostermektedir.
Alan yazinda, eko-matematik temelli programlarda hem eko-elestirel yaklasimi hem de ¢evre
icinde matematik egitimine yonelik arastirmalari inceleyen c¢alismalar, bu iki alanin
birlestirilmesinin yararlarini ve ogrenciler uzerindeki olumlu etkilerini ortaya koymustur
(Wolfmeyer ve Lupinacci, 2017). Arastirma sonucunda 6grencilerin gevre sorunlarina iligkin
gorlUsleri 6n ve son gorismelerde benzer ifadelerden olussa da gorismelerde farkli
vurgulamalar yapildig gortilmektedir. On goriismelerde en sik tekrar edilen gevre sorunu kiiresel
Isinma olarak belirlenmis, ancak son gorusmelerde daha ¢ok insan davranislarinin gevre
sorunlarina yol agmasi vurgulanmistir. Eko-matematigin ¢evre sorunlarinin goztmundeki yerine
iliskin ogrencilerin on gorlismelerde “fikrim yok”, “hesaplama ve “e@itim” temalari, son
gorismelerde ise "hesaplama”, “cevre faaliyetleri” ve “egitim” temalari altinda gorts bildirdikleri
ortaya ¢ikmistir. On goriisme sonuglarinda 6grencilerin, eko-matematigin gevre sorunlarinin
¢ozUmundeki yerine iliskin baglantiyl kurmakta yetersiz olduklari gozlemlenmekle birlikte son
gorismelerde cevre faaliyetlerine iliskin daha fazla gords belirtiimis ve gevre sorunlarinin
¢ozUmunde matematigin kullanilabilecedi vurgulanmistir. Bu baglamda, proje kapsaminda
gerceklestirilen tanm zararlilarina iliskin matematiksel modelleme etkinligi ve diger eko-
matematik etkinliklerinin 0grencilerin gevre sorunlari ve matematik iliskisini kurmalarini
kolaylastirdigi  soylenebilir.  Steffensen ve Kacerja (2021), sosyo-elestirel modelleme
perspektifiyle gerceklestirdikleri ¢calismalarinda, 6grencilerin matematik dersinde Karbon Ayak
izi Hesaplayicisi kullanarak iklim degisikligi tzerine disinme sireglerini incelemislerdir.
Ogrenciler hesaplamanin nasil yapildigini, ginlik hayattaki eylemleri ifade eden farkli
degiskenlerin ayak izi Uzerindeki etkilerini ve bireysel, ulusal, kiiresel emisyonlari kesfetmis ve
degerlendirmiglerdir. Arastirma sonuglar matematigin ¢evre sorunlarinin ¢ozumundeki roltine
iliskin ogrenci goruglerinde ve bakis acilarinda eko-matematik etkinliklerinin etkili oldugu
gorusunu desteklemektedir.

Arastirmanin proje sonunda toplanan verilerden elde edilen sonucuna gore ogrencilerin proje
etkinliklerine yonelik gorus ve onerileri “en sevilen etkinlikler” ve “projeye yonelik oneriler”
temalarindan olugsmaktadir.  Ogrencilerin en sevdikleri etkinlikler; atik materyaller ile
gerceklestirilen U¢ boyutlu ¢alismalar, huni kapmaca, yakartop gibi “sosyal etkinlikler”, biyolojik
cgesitlilik, igme suyu Uretim yollari gibi “gevre etkinlikleri®, tarim zararllarina iliskin hesaplamalari
iceren modelleme, gevre kirliligi temali matematiksel drama etkinligi gibi “matematik etkinlikleri”
ve bugday ekimi, kiresel isinmanin tarim urunlerine etkisi etkinligi gibi “tarim uygulamalari”
basliklari altinda toplanmistir. En gok sevilen etkinlikler spor ve tasarim etkinliklerinin yani sira
fen laboratuvarinda ogrencilerin su aritimi gergeklestirdikleri su kirliligi deneyi olmustur.
Topalsan vd. (2019) de ortaokul ogrencileri ile fen bilimleri alaninda gergeklestirdikleri
projelerinde ogrencilerin aktif rol oynadiklari ve arazi ¢alismalari gergeklestirdikleri etkinlikleri
daha gok sevdikleri sonucuna ulagmislardir. Ogrencilerin aktif olarak yer aldiklari etkinliklere
daha olumlu gorus bildirdikleri soylenebilir. Arastirmanin diger sonuglan ogrencilerin; strenin
daha uzun olmasi, aktif yer alabilecekleri ¢evre etkinliklerinin artirilmasi, gevre uygulamalari
yapllmasi, farkl tirde matematik etkinliklerine yer verilmesi ve sosyal etkinliklerin artirilmasi
seklinde onerilerde bulunduklarini gostermektedir. Benzer sekilde Avci ve diderlerinin (2015)
ortaokul kademesindeki ogrenciler ile gergeklestirdikleri “Bizim Deniz Akdeniz” projesinin
sonuglart  degerlendirildiginde proje surecinde gergeklestirilen  etkilesimli  etkinliklerin
ogrencilerde olumlu etkiler biraktigi gozlenmistir. Akay'in (2013) gergeklestirdigi bir baska
projede ortaokul dgrencilerinin bilimsel bilgiye eglenerek ulastiklar belirtilmistir. Ogrencilerin
siniflarinda veya orgun egitimde kurallari olan ve tek disipline dayanan derslerden ¢ok yaz kamp,
okul disi etkinlikler ve sinif disi daha aktif olarak yer aldiklari etkinliklere ilgi duyduklari ve bu tur
etkinliklere ayrilan surenin kisa oldugunu belirttikleri alan yazinda karsimiza ¢ikmaktadir
(Aktarmis vd., 2018; Yazici vd., 2018). Ozetle, arastirma sonuglar bir hafta sireli eko-matematik
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projesinin ogrencilerin matematige ve cevreye yonelik tutumlarinda anlamli bir degisim yaratma
konusunda etkisiz kaldigini, ancak ogrencilerin eko-matematigin cevre sorunlarinin
¢cozUmuUndeki roltne iliskin farkindaliklarini artirdigini, projeye iliskin genel 6grenci gorislerinin
ise olumlu oldugunu gostermektedir.

Arastirmanin sinirhliklari ve oneriler

Arastirma kapsaminda ogrencilerin matematige yonelik ve cevresel tutum, cevre sorunlarina
yonelik farkindalik, matematik motivasyonu ve matematik problemi ¢ozme tutumlari nicel 6lgcme
araclariyla belirlenmistir. Bu kapsamda bu 6zelliklerin olctlmesine yonelik daha derinlemesine
ve daha uzun surelerde yapilandirilacak nitel ¢alismalarin gerceklestirilmesi onerilebilir. Ayrica
ogrencilerin eko-matematigin cevre sorunlarinin ¢ozdmundeki roltne iliskin gortsleri yari
yapilandiriimis gortsmeler yoluyla incelenmistir. Katihmci gozlemler yoluyla ogrencilerin
matematik ve gevre iliskisini nasil anlamlandirdigina yonelik ¢alismalar yapilabilir. Bu ¢alisma
tasima yoluyla egitime erisim saglayan ortaokullarda ogrenim gormekte olan ogrencilerle
sinirhdir. Farkli sehirlerde veya egitim kademelerinde 6grenim gormekte olan ogrencilerle de
calismalar yapilabilir. Yapilacak uygulamalara iliskin ise eko-elestirel yaklasim, gercekci
matematiksel modelleme, cevre ve surdurdlebilirlikle ilgili geceklestirilecek ¢alismalarda eko-
matematik etkinliklerine daha fazla yer verilmesi onerilebilir. Gercek yasam problemleri tzerine
kurulu icerik ve 6grenme-0gretme sureci tasarlanarak egitim programlarina, ¢cevre sorunlarinin
¢ozUmune yonelik matematik temelli etkinlikler entegre edilebilir.

Yazar katki oranlari

Calismaya 1. Yazar: %15, 2. Yazar: %15, 3. Yazar: %14, 4. Yazar: %14, 5. Yazar: %14, 6. Yazar %14
ve 7. Yazar: %14 oraninda katki saglamistir.

Cikar catismasi beyani

“Ortaokul ogrencileri icin eko-matematik proje de@erlendirmesi” baslikli makalemizin herhangi
bir kurum, kurulus, kisi ile mali ¢ikar catismasi yoktur. Yazarlar arasinda da herhangi bir cikar
catismasi bulunmamaktadir.
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Ek 1. Etkinlikler

Gun Etkinlik Adi

1.Gln Olgme ve degerlendirme etkinlikleri, agilis, gevre problemleri, ekonomi, gevre ve matematik iligkisi
temali etkinlikler ve spor etkinlikleri

2.GUn Oryantiring, Biyolojik cesitlilik ve geri dontstim temali gevre ve matematik egitimi etkinlikleri

3.Gun Spor etkinlikleri, su kirliligi, yesil teknolojiler ve nanoteknoloji konusunda etkinlikler, ekolojik denge
konusunda matematiksel modelleme etkinlikleri, geri dontsime dayall geometri ve sanat etkinlikleri

4.Gun Suyun kimyasi, igme suyu kirliligi ve Uretimi, kiresel isinma konularinda bilim ve matematik odakli
disiplinlerarasi etkinlikler, geri dontsime dayall geometri ve sanat etkinlikleri, spor etkinlikleri

5.Gln incir arastirma merkezi ziyareti, tanm, hayvancilik, sulama ve cevre problemleri iliskisine dayali ziraat
ve matematik egitimi iceren disiplinler arasi atolye galismasi, eko-matematik temali mizik ve sanat
etkinlikleri

6.GUn Alan gezisi ve sosyal geziler, eko-matematik temali muzik ve sanat etkinlikleri

7.Gun Pandemi sureci, gevre kirliligi ve matematigin bunu anlamadaki rolti temali seminer, spor ve 6lgme
ve degerlendirme etkinlikleri ve konsol oyunu




	Introduction
	Method
	Research design
	Participants
	Data collection tools
	Quantitative data collection tools
	Attitude scale towards mathematics (Önal, 2013)
	Awareness scale for environmental problems (Güven & Aydoğdu, 2012)
	Environmental attitude scale (Özata Yücel and Özkan, 2014)
	Mathematics motivation scale (Aktan & Tezci, 2013)
	Mathematics problem solving attitude scale (Çanakçı, 2008)

	Qualitative data collection tools
	Eco-mathematics semi-structured interview form
	Reflective participant diaries


	Data collection and analysis
	Implementation process

	Findings
	Findings from quantitative data
	Findings from qualitative data

	Conclusions and recommendations
	Limitations of the study and recommendations

	Author contribution rates
	1st Author: %15, 2nd Author: %15, 3rd Author: %14, 4th Author: %14, 5th Author: %14, 6th Author: %14, 7th Author: %14 contributed to the study.
	Conflict of interest declaration
	References
	Giriş
	Yöntem
	Araştırmanın deseni
	Çalışma grubu
	Veri Toplama Araçları
	Verilerin toplanması ve analizi
	Uygulama süreci

	Bulgular
	Nicel verilerden elde edilen bulgular
	Nitel verilerden elde edilen bulgular

	Sonuç ve öneriler
	Araştırmanın sınırlılıkları ve öneriler

	Yazar katkı oranları
	Çıkar çatışması beyanı
	Kaynakça

