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I. INTRODUCTION 

Students’ learning is more effective in science when the curriculum is 

conceptually integrated (Nogay, 1994), but much of the science curriculum is taught 

discretely (Michaels et al., 2008). Permaculture includes the practice of intentionally 

designing a forest ecosystem of food-producing plants and science teachers can use this 

conceptual framework to integrate the majority of K-6 science curriculum. 

This thesis examined the effectiveness of an integrated curricular design 

involving permaculture on preservice teachers’ (PSTs) understanding of and beliefs 

about teaching science curriculum in elementary school grades. PSTs were taught about 

permaculture and the alignment of its many concepts with state science standards. The 

PSTs’ changes in beliefs about permaculture and their ability to incorporate 

permaculture concepts into science lesson plans were evaluated. Prior research has not 

been approached through the implementation of permaculture as a holistic method for the 

science curriculum and the permaculture approach for PSTs. 
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II. LITERATURE REVIEW 

Integrated Science Curriculum and School Gardens 

An integrated science curriculum means that multiple concepts can be taught 

together or taught in a conceptually inter-related fashion (Huntley, 1998).  Integrated 

science emphasizes the unity of scientific concepts and combination of various 

disciplines (Frey, 1989).  For example, to describe the physics of light, teachers can 

explain how light applies to vision and how our eyes can see an image. Teachers can 

explain the structure of our eyes that are sensitive to visible light reflecting, in great part, 

from our surrounding environment. Therefore, integrated science helps teachers to cover 

both physical and life sciences (Hewitt et al., 2014) and to create a holistic approach of 

teaching science. The integration of science concepts also helps teachers to focus on the 

scientific process of ideas and actions rather than just a body of discrete facts.  

An integrated science curriculum enables students to develop scientific 

knowledge and skills through a systematic inquiry, and integration results in better 

understanding and learning of science concepts (Abosede & Arokoyu, 2012). According 

to Lipson et al. (1993), there are several positive effects of an integrated curriculum for 

students. They are: a) giving students the opportunity to apply their learned skills, b) 

promoting multiple perspectives with higher-order thinking, and c) creating a 

meaningful learning environment. According to Beane (1996), students benefit from an 

integrated science curriculum because they can (a) apply knowledge instead of 

memorizing, (b) learn through patterns and connections rather than discrete elements or 

concepts, and (c) use this knowledge to focus on world problems using inter-related 

disciplines instead of a single discipline. In the study of designing an activity-based 
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science course, the integration of chemistry, physics, and earth science concepts helps 

students to better understand the different science principles (Haan & Jadrich, 1999). 

Curriculum integration encourages students to have a deeper understanding of their world 

(Beane, 1997) and research shows that integrated curriculum is helpful for student 

learning for all grades (Erb, 2005). 

 In a different study (Nordine et al., 2011), researchers developed an energy unit 

that is a fundamental unifying science concept for an eighth-grade science course in 

Texas. The purpose of the energy unit was to emphasize energy systems rather than 

traditional energy unit that focuses on calculations of energy to meet science standards. 

Results indicated that students who were taught the new energy unit developed better 

understanding of energy systems and promoted future energy-related learning than 

students who were taught using the traditional energy unit.  

In another study, a two-year integrated science course was created for groups of 

ninth graders in Colorado. The purpose of this course was to introduce students to life 

sciences, earth science, and physical science. The students completed a field study on a 

natural area to examine living organisms and abiotic factors such as water, soil, and 

climate as a part of this curriculum. The findings of this study showed that the integrated 

science course helped students to find meaningful relationships in daily life such as 

between climate and plant types (Crane, 1991).   

Another study focused on changing traditional German science education and 

teaching strategies with an integrated science education and the study focused on the 

evaluation of the PING project (Practicing Integration in Science Education). In the 

PING project, a collaborative of teachers, researchers, and in-service trainers developed a 



 

4 
 

basic integrated science curriculum and teaching materials for Grades 5 to 10 to 

determine whether it would improve students’ conceptualized learning. The main theme 

was nature to explore soil, water, plants, and animals. One hundred and fifty schools in 

Germany used these materials to provide integrated science education. Teachers, 

administrators, and researchers had a coordinating network to access materials and 

revisions. The findings of the study showed that the integrated science curriculum 

improved students’ conceptualized learning of natural science concepts (Riquarts & 

Hansen, 1998). Therefore, according to Arakoyu and Dike (2009) science teaching 

should be conceptually unified and interdisciplinary to help students gain scientific 

literacy.  

One way to integrate the science curriculum under a single conceptual framework 

is designing school gardens and using gardening activities to teach inter-related science 

concepts (Graham & Zidenberg-Cherr, 2005). Blair (2009) reviewed the U.S. literature 

on school gardening to examine effects and outcomes on learning. Blair investigated 

seven qualitative studies about gardening projects in elementary schools and the results of 

all seven studies showed that teachers provided science, math, and environmental 

learning experiences in gardens by observing natural processes, experimenting with 

plants, and gaining knowledge about soil, seeds, and recycling. 

Other researchers (Klemmer et al., 2005) collected data from 647 elementary 

school students from seven different schools in Texas. Students who were in the 

experimental group attended hands-on gardening activities in addition to their 

traditional science classrooms to learn science concepts. Students in the control group 

attended traditional science classroom during the school year. End of the year, both 



 

5 
 

groups took cognitive test to evaluate their science achievement. The result of the study 

showed that students attending school gardening activities had higher scores on science 

achievement tests than students in the traditional science classrooms (Klemmer et al., 

2005). Thus, designing school gardens supports students’ engagement in science and 

helps students to better learn scientific concepts (Williams et al., 2018). 

Also, gardening is a conceptual framework that can be used to integrate a large 

number of different science concepts that are required by the national Next Generation 

Science Standards (NGSS) and the state-specific Texas Essential Knowledge and Skills 

(TEKS).  For instance, gardening activities are well suited for the performance 

expectation of NGSS in Life Sciences for the kindergarten level: “Use observations to 

describe patterns of what plants and animals (including humans) need to survive.” All 

animals need food to survive, and they obtain their food from plants or other animals, and 

plants need water and light to survive (NGSS Lead States, 2013).  

Although school gardens help to enhance students’ science learning, teachers 

have noted that there are some barriers to using school gardens to teach science 

(Graham & Zidenberg-Cherr, 2005). Graham and Zidenberg-Cherr (2005) conducted a 

study to assess elementary school teachers’ attitude toward school gardens in 

California. A majority of teachers (67%) reported that the amount of time the gardens 

took was the greatest barrier, followed closely by teachers’ lack of interest in gardening 

(63%). Teachers also reported a lack of experience with gardening activities and a lack 

of curricular materials that were connected to the academic standards (61% and 60%, 

respectively). Other studies also found barriers to implementing school gardens that 

included a lack of teachers’ knowledge and training (Blair, 2009), a lack of funding for 
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gardening supplies (Smith et al., 2019), a lack of staff support to help with maintaining 

the garden when the teacher is busy with other school activities or on the weekend (Burt 

et al., 2019), and a lack of space for gardening and to store gardening tools (Burt et al., 

2018). 

Permaculture as a Conceptual Framework  

David Holmgren and Bill Mollison developed permaculture in the 1970s, and the 

term permaculture comes from a combination of the words “permanent” and 

“agriculture.” The term permaculture was coined to convey the idea of a permanent 

agricultural system that is automatically regenerative (Holmgren, 2002), as opposed to a 

traditional agricultural system that must be replanted each year. Permaculture is a holistic 

design process (Bane & Holmgren, 2012) and it involves a natural growing system to 

create a self-maintaining ecosystem and habitat. Permaculture involves intentionally 

designing a food forest ecosystem.  A food forest ecosystem consists of different kinds of 

food-producing plants, animals, and microorganisms, and there is a complex relationship 

among these species that create a self-sustained and mutually enhancing ecosystem. 

Designing and creating a food forest requires a lot of work, but this self-regulating 

ecosystem gets more productive over time while requiring less maintenance.  

Designing a food forest requires a conceptual understanding of diverse 

components including landscape, terrain, elevation, water, soil, sunlight, plants and tree, 

growing and preparing food, animal, fungi and bacteria, air, structure, energy, and 

technology (Bane & Holmgren, 2012). Although these components may seem like 

discrete elements, they are interconnected components of any natural forest ecosystem. 

The food forest is the core conceptual framework of permaculture design.  
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Food forest designs incorporate plants that are perennials and annuals, all of 

which produce fruits, vegetables, herbs, and flowers (Frey & Czolba, 2017). Hart (1996) 

developed a seven-layered model of a food forest ecosystem and the layers are: 1) a  

canopy layer of tall fruit and nut trees (e.g., walnut, black cherry), 2) a low-tree layer that 

consists of dwarf fruit and nut trees (e.g., persimmon, olive tree), 3) a shrub layer that 

includes fruit bushes (e.g., currants, berries), 4) an herbaceous layer of herbs and 

perennial vegetables (e.g., parsley, catnip) 5) a ground-cover layer of ground-hugging 

edible plants (e.g., strawberries), 6) a rhizosphere layer of root crops (e.g., sweet 

potatoes), and 7) a vertical layer that consists of vines and climbers (e.g., grapes).  

Although one of the goals of a food forest is food production, a food forest can also 

produce medicine and provide pollinator habitats.  

This natural system helps to create a continuous cycle in the permaculture design. 

As part of this cycle, the output (i.e., waste) of one component of the food forest can be 

an input (i.e., food) for another component. For instance, dead plants become food for 

micro-organisms and the waste becomes compost for growing new plants. Designing a 

permaculture food forest requires the observation and replication of natural patterns in the 

environment (Taylor Aiken, 2017).  According to Holmgren (2002), working with nature, 

not against it, helps us to understand natural patterns in permaculture. Therefore, people 

can have more food production with less effort as a result of intentionally designing a 

forest ecosystem with permaculture. 

By using the concept of a food forest, teachers can teach the many different 

science concepts from an integrated conceptual framework perspective. As several prior 
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studies have shown, this conceptual integration should result in better student learning of 

the science concepts. 

TEKS (Texas Essential Knowledge and Skills) and Permaculture 

Permaculture concepts align closely with the Next Generation Standards (NGSS 

Lead States, 2013) and with the TEKS science standards for K-12 grade level. Because 

this study was conducted in Texas, I focus on the alignment of permaculture with the 

Texas Essential Knowledge and Skills (TEKS). The TEKS are the Texas state standards 

for public schools for grades K-12. TEKS have been adopted from The State Boards of 

Education (SBOE) to detail curriculum requirements for each subject (Texas Education 

Agency, 2017).  

Table 1 shows the alignment between permaculture concepts and TEKS science 

standards. For example, in K-2 grades, the TEKS require students to observe the natural 

world when doing scientific investigations. When designing a permaculture food forest, 

students must observe many different aspects of an existing landscape to understand how 

nature works and patterns in nature to adopt them into a food forest design.   

For a specific example, when designing a food forest, the characteristics of the 

soil must be well understood. Students have to investigate questions such as (a) how hard 

or soft is the soil, (b) how fast does rain percolates through the soil, (c) what nutrients are 

available, and (d) how acidic or alkaline is the soil?  The answer to each question 

determines the types of plants that can survive and the types of plants that could thrive in 

that soil.  Understanding soil types in designing food forest aligns with the Grade 4 

Science TEKS, “7(A) examine properties of soils, including (a) color and texture, (b) 

capacity to retain water, and (c) ability to support the growth of plants.” A teacher can 
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provide students with activities that examine the properties of soil in a food forest. 

Therefore, finding plants that will grow well in the specific soil type available is another 

crucial step for designing a food forest. The plants have basic needs such as water, 

nutrients, and sunlight. Learning about the basic needs of plants and animals are also 

covered by science TEKS for the elementary grade. For instance, students learn basic 

needs of living organisms such as food, water, and shelter for animals and air, water, 

nutrients, sunlight, and space for plants in Kindergarten level science TEKS. Weather 

condition is another consideration to implement permaculture design because it is one of 

the basic needs of living organisms. Observing weather and collecting data to record 

weather information aligns with the science TEKS for Grade 1, “8 (A) record weather 

information, including relative temperature such as hot or cold, clear or cloudy, calm or 

windy, and rainy or icy.” 

Observing rainwater and collecting data from the landscape is necessary to design 

the food forest properly because some plants like more water than others. Designing 

water resources in the landscape has significance in deciding the whole designing 

process. Elementary Science TEKS also focus on collecting and analyzing data based on 

the observations for scientific investigations and reasoning. Observing rainwater aligns 

with it. Also, the laser level can be used to measure rainwater distribution in the 

landscape. Using laser level will cover the science TEKS related to using a variety of 

tools to conduct science inquiry.  
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Table 1: Relationship Between TEKS and Permaculture Topics for Elementary Schools 

Grade 

Levels 

TEKS Permaculture Concepts 

4 7 (A) examine properties of soils, including 

color and texture, capacity to retain water, and 

ability to support the growth of plants 

Soil: observing soil and 

examining soil type in the 

landscape 

K 9 (B) examine evidence that living organisms 

have basic needs such as food, water, and 

shelter for animals and air, water, nutrients, 

sunlight, and space for plants. 

Plants and Animals: living 

organisms in the landscape 

and their basic needs to grow 

plant in the food forest 

1 8 (A) record weather information, including 

relative temperature such as hot or cold, clear 

or cloudy, calm or windy, and rainy or icy 

Measuring weather: is 

important to explore living 

organisms 

5 (2) Scientific investigation and reasoning. The 

student uses scientific practices during 

laboratory and outdoor investigations. 

Rainwater: observing 

rainwater to design water 

resources in the landscape 

5 (4) Scientific investigation and reasoning. The 

student knows how to use a variety of tools 

and methods to conduct science inquiry 

Laser level use to measure 

rainwater distribution. 

 

Teaching Permaculture in the Schools 

Nowadays, a few schools around the world have attempted to take the 

permaculture principles and apply them in their school gardens to implement a 

permaculture design. For instance, Oak Grove School is a Pre-K through 12th grade 

school in Ojai, California, and it implemented a permaculture-based school garden so that 

the garden would have a minimal environmental impact (Praetorius, 2006).  The first 

principle the school followed was working with nature, not against it, and this principle 

was selected to help students develop environmental awareness. Students at Oak Grove 

made observations about the weather, sunlight, soil, and plants; observation is one of the 

keystones of science learning (Praetorius, 2006). Another elementary school that applied 

permaculture design is Bay Haven School is a K-6th grade in Florida (Morgan, 2017). 

Bay Haven School used a food forest to create a biodiverse ecosystem. Students learned 

life science concepts such as life cycles, plants, animals, ecology, and soil in this forest 
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ecosystem (Morgan, 2017). Also, it provided students and staff with fresh fruits, 

vegetables, and herbs.  

Another study investigated whether permaculture could be used to integrate 

environmental or sustainability education in junior secondary science in New Zealand 

(Lebo et al., 2013). This study included the design and teaching of permaculture 

principles during one year in junior secondary science class. The researcher used a 

mixed-methods, case study approach that included questionnaires, interviews, and 

observations. Data were collected from the students and the teachers. The findings of this 

study showed that a permaculture approach on teaching science in junior secondary grade 

had a positive impact on the students’ attitudes toward sustainable thinking, and this 

positive impact helped to enhance students’ learning of science. Most teachers reported in 

their interviews that permaculture helped them to have contextualized science teaching 

with real world examples. Also, the teachers responded that they had a better 

understanding of sustainability and more positive attitudes toward a permaculture 

approach in the schools as a result of focusing on the environment, the field trips, and in-

class activities. 

Lebo and Eames (2015) conducted the study that focused on the sustainable food 

production aspect of permaculture to improve student’s attitudes toward science and 

sustainability learning. The data were collected from the teachers and secondary science 

class students. The findings of the study showed that sustainable food production had 

positive impacts on both the teacher and students. Students reported that learning science 

was more fun in the garden. Also, the test results revealed that students learned the 

relativity of science concepts to sustainable learning. Therefore, students identified 
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certain science concepts more effectively, such as seed types and germination, soil, and 

biological diversity.  

A number of studies have shown how schools gardens can be used as a conceptual 

framework for teaching science, and a limited number of studies have shown how 

permaculture can also be used as a conceptual framework.  However, all of these studies 

were done with in-service teachers.  The present study was done to investigate 

permaculture with pre-service teachers.  
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III. THEORETICAL FRAMEWORK 

Multidisciplinary curriculum and integrated curriculum are two common 

approaches to teaching science in schools. The multidisciplinary curriculum begins 

with separate subjects to identify the theme. For example, the solar system can be a 

theme for the multidisciplinary curriculum to teach different subjects. To identify this 

theme, features of the planets can be taught in science while creating solar system 

model for the art course.  Therefore, the theme is a secondary matter for the 

multidisciplinary curriculum (Beane, 1997) (See Figure 1.1).  

 

 Figure 1: Schematic Web for Multidisciplinary Curriculum 

On the other hand, the integrated curriculum begins with a theme and then 

explores concepts related to the theme with activities (See Figure 1.2). For example, 

Figure 1.3 shows how permaculture concepts can be used in an integrated curriculum to 

teach science. Using permaculture as a theme, permaculture concepts such as animals, 

plants, soil, weather, and water can be explored with the activities to teach elementary 

school science.  
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 Figure 2: Schematic Web for Integrated Curriculum 

 

 

Figure 3: Schematic Web for Permaculture Integrated Curriculum 
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The theoretical framework I am using for my research is curriculum integration 

because research shows students can learn science better when taught using an 

integrated curriculum. Teachers can encourage students to apply their knowledge in a 

meaningful learning environment by using permaculture to unify science concepts to 

create an integrated science curriculum. Permaculture, as a theme of the integrated 

curriculum, can cover science concepts with science activities. Also, permaculture 

aligns with the most of the science TEKS for K-6. Using permaculture to teach science 

concepts is a better way to teach an integrated science curriculum for elementary school 

grades. 
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IV. METHODOLOGY 

 The purpose of this study is to assess how understanding and beliefs of PSTs at 

Texas State University change toward the use of permaculture as a unified conceptual 

framework for teaching science in elementary schools. To answer my research questions, 

I used a mixed-methods design that involves both quantitative and qualitative data 

collection (Creswell & Plano Clark, 2011). The process of data collection started with a 

pretest the week before an In-class Permaculture Lesson (IPL) was conducted. The IPL 

included the collection of qualitative data during in-class activities. A posttest was 

completed the following week. 

Research Questions 

The aim of this study was to answer the following research questions:  

1. How do preservice teachers’ understanding and beliefs change toward teaching 

permaculture as an integrated science framework after 2 hours of training? 

2. How do preservice teachers’ beliefs about teaching permaculture in their 

classrooms change after the training? 

Study Participants 

I collaborated with the Office of Educator Preparation and Department of 

Curriculum and Instruction, and I recruited PSTs who were enrolled in a Science in 

Elementary Education class during the fall 2019 semester. The course provides an 

overview of elementary science standards and contents. It also assists PSTs in developing 

science literacy and scientific process skills. This course was selected because all 

participants are PSTs, and they had learned science concepts and standards in this course. 

Twenty-two PSTs were enrolled in the class and all PSTs in the course agreed to 
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participate in the study. Table 2 shows the demographic characteristics of the 

participants. All participants were women. Participants were mostly White (92%), with 

smaller percentages of Black or African American (4%) and Asian (4%).  Twenty (91%) 

of PSTs were in the 18-to-24 year old category, while two (9%) were in the 35-to-44 year 

old. 

Table 2: Frequency Distribution of Participants by Demographic Characteristics 

Characteristics Frequency Percentage 

Gender   

 Male 0 0% 

 Female 22 100% 

Race/Ethnicity   

White 20 92% 

Asian 1 4% 

Black or African American 1 4% 

Age   

18 to 24 20 91% 

25 to 34 0 0% 

35 to 44 2 9% 

 
In-class Permaculture Lesson (IPL) Design 

This research took place during a 90-minute session in the class with 30-minute 

before class resources. The summary timeline of In-class Permaculture Lesson are shown 

in Table 3 and it is followed by detailed descriptions of each activity. 

Table 3: Timeline for In-class Permaculture Lesson (IPL) Design 

30 min. Before Class Resources – Background information about permaculture, its 

principles, food forest and teaching permaculture with children 

20 min.  Guiding Questions Discussion - What is a food forest? & What is 

permaculture? 

40 min. Small-Group Activity and Presentation – Designing a Food Forest 

30 min. Small-Group Activity and Class Discussion – Assigning Science TEKS to 

the Permaculture Activity  
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Before Class Resources. After students completed the pretest in their science 

class, students were sent links to three videos and one article to study in preparation for 

the IPL.  The videos explained what permaculture is, its core principles, and what a food 

forest is. The provided reading was about teaching permaculture to children. The purpose 

of these materials was to help participants gain background information so they could 

have a better understanding of the activities during the IPL.  

Guiding Questions Discussion. During the IPL, we started the class with guiding 

questions such as “What is a food forest?” and “What is permaculture?” These guiding 

questions required PSTs’ to recall the information learned during the videos and reading 

and to initiate an in-class discussion. We discussed what they learned about a food forest 

and permaculture. After finishing the discussion, I asked them “What kind of plants can a 

food forests have?”. After listening to their ideas, I showed them a picture of the seven 

layers of a food forest (Illustration 1). I explained each of the layers and gave them 

examples for each layer. This information helped PSTs to better understand the intention 

of designing a food forest because plants in the food forest are different from each other. 

Then, I told them “We will conduct an activity about the seven layers of food forest. 

Therefore, it was important to learn biodiversity in a food forest. Now, we can continue 

with our first activity”.  
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Illustration 1:  The Seven Layers of a Forest Garden 

 

 

 

 

 

 

 

First Small-Group Activity and Presentation. “We will design a food forest for 

this activity. We learned there are different plants in the seven layers of a food forest and 

different plants have different needs. Therefore, we need to think about plant needs 

before designing the food forest”. Then, we discussed the needs of plants such as 

temperature, soil, water, food, and sunlight. After finishing the discussion, the class 

divided into teams of 4-5 participants to conduct the activity. Then, I gave them a list of 

plants and their pictures (see Appendix B). I explained, “There are 34 different plants 

from different layers in this list. For example, black cherry is from the canopy layer, 

persimmon tree from the understory layer, goji berry from the shrub layer, parsley from 

herbaceous layer, frog fruit from the ground cover layer, and a grape vine from the 

climber layer. Also, each plant has information about their heights (ft.) and their sun 

requirements (full/partial). You will use these plants and their pictures to design your 

food forest on this big paper (Illustration 2). You can see the curved movement of the sun 

during the day and the cardinal directions on this paper. You should consider about it 

while thinking about sun requirements of the plants. Now you can discuss about plants’ 

heights and their places on the paper by considering their sun requirements. Then, you 
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can develop your own food forest as a group.” After each group finished their food forest 

design, they explained why they chose the plants they did and why they located the plants 

were they did. Then, they explained their designs to the class (See Appendix C for 

pictures of designed food forests). After we talked about all of the food forest designs, I 

told them “There are some science standards related to this activity. Now, we will 

continue with our second activity to talk more about these science standards”. 

 

Illustration 2: The Paper for a Food Forest Design 

 

Second Small-Group Activity and Class Discussion. There are some science 

TEKS related to plant needs for elementary grades. For example, for Grade K, the TEKS 

9 (B) examine evidence that living organisms have basic needs such as food, water, and 

shelter for animals and air, water, nutrients, sunlight, and space for plants. After this 

information, we discussed how the first activity aligns with science TEKS and found 

other TEKS related to this activity. For instance, 2.9. (A) Identify the basic needs of 

plants; 3.9. (A) Observe and describe the physical characteristics of environments and 

how they support populations and communities of plants within an ecosystem; and 4.10. 
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(A) Explore how structures and functions enable organisms to survive in their 

environment can be covered with this activity. Then, I told them “We will focus on the 

following activity to have more experience on the relationship between permaculture 

concepts and science TEKS. We will justify science TEKS to activities related to food 

forest and permaculture for elementary school grades. There are six different activities 

labeled as A, B, C, D, E, and F (see Appendix B) and these activities focus on planting 

from seeds, soil and soil textures, garden ecosystem for animals and plants, interaction of 

living organisms with their environment, composting in the garden, seasonality of plants 

in connection to their climate, plant lifecycles, microorganisms in the soil, and 

observation of patterns in nature. Small groups will continue to work together for the 

activity. Two different activities will be assigned to each group randomly. Also, I will 

provide the activity sheet to each group (see Appendix B). The activity sheet includes the 

label of the lesson plan, grade level, science TEKS, justifying section, and the question 

(Would you use this activity in the classroom? Why/Why not?) about PSTs’ opinion on 

this activity”. After giving all activity materials to the groups, they read the activities, 

justified the appropriate science TEKS to the activities, and recorded their ideas to justify 

how the activity aligned with TEKS. Also, the PSTs gave feedback about the activity and 

whether or not to use it in the classroom. The PSTs focused on both the scientific process 

TEKS and science concepts TEKS to discover relationships between permaculture 

concepts and the Texas Science Standards.  At the end of the activity, each group 

explained their activity and related TEKS to their classmates during the class report out.  

Data Sources 

I utilized data sources that included a) a pretest/posttest, b) food forest activity, c) 
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alignment of TEKS and permaculture activity, and d) personal classroom reflections by 

PSTs. While the pretest/posttest was a quantitative data source, the lesson plans and 

classroom reflections were qualitative data sources.  

To answers RQ1, the sources are: 

a) Permaculture pretest/posttest: I created a questionnaire to understand PSTs’ prior 

knowledge and interest in gardening, permaculture, and permaculture concepts. The 

pretest included 25 multiple choice and Likert Scale questions to determine 

understanding and beliefs of PSTs on teaching science and permaculture, and the 

posttest included 26. The Likert scale ranged from strongly disagree to strongly agree 

and I used an 11-point Likert scale that ranged from 0 to 10. There were two sets of 

questions. One set was related to nine different permaculture related science concepts 

(biodiversity, food forest, microorganisms, soil, pattern in nature, interaction of living 

organisms, plants and their needs, animals and their needs, and climate). The other set 

was related to integrated science curriculum and science standards. 

b) Food forest activity: I conducted two in-class activities as a part of the In-class 

Permaculture Lesson (IPL). For the first activity, PSTs designed their food forest on the 

big paper, and also, they provided written feedback about their food forest designs and 

plants that were used in the design process. 

To answers RQ2, the sources are: 

a) Permaculture pretest/posttest: Pretest and posttest also had questions about school 

gardens and science curriculum to answer the second research question, which is 

to measure PSTs beliefs about teaching permaculture in the classrooms. 
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b) Personal classroom reflections: PSTs wrote feedback every week as a part of their 

science class to reflect on the topic they had learned and if they would adopt it in 

their science classrooms to teach students. Participants had half of the day’s 

lesson for permaculture section in their science course and they reflected 

permaculture thoughts on their personal classroom reflections on the day. Thus, 

IPL provided qualitative findings for my study. 

c) Alignment of TEKS and permaculture activity: The second activity in the 

classroom was designed to measure how permaculture concepts align with TEKS 

and to understand if PSTs would use activities related to permaculture in their 

classrooms. Therefore, their lesson plans were examined as a part of the 

qualitative findings of the study. 

Data Collection and Analysis 

The pretest was completed one week before the IPL and the posttest was 

completed one week following the IPL. Both tests were administered during the course, 

and during the pretest, a consent form provided the option for the PSTs to participate or 

not participate in this study. 

The pretest and posttest took about 10 minutes to complete, and each participant 

completed them individually. Before analyzing the data, I converted the numerical values 

from the 0 to 10 Likert-scale to a new scale from -5 to 5. This means that the neutral mid-

point was coded as 0. Assigning these new numerical values makes interpreting scores 

more intuitive.  Negative values mean the response was on the disagree side of the scale, 

and positive values mean the response was on the agree side.  Mean differences between 

the posttest and pretest were analyzed in SPSS using a paired t-test. 
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In the second part of data collection, I examined PSTs’ science lesson plans and 

personal class reflections for further explanation and interpretation of the qualitative 

results. During the IPL, we conducted two in-class activities with PSTs, and I examined 

these lesson plans as a part of my qualitative findings. For food forest design results, I 

counted how many times participants used plants height, sun requirements, general 

location, and the impact of the plants to each other correctly and incorrectly on their food 

forest designs. I also compared their notes against their food forest design to determine 

whether they used these descriptions correctly or incorrectly.  

For alignment of TEKS and permaculture activity, I created codes to evaluate the 

pattern of justifying TEKS to the activities. These codes also helped me to identify 

advantages and disadvantages of permaculture activities. Coding was used to evaluate 

classroom reflections to find a pattern of PSTs’ beliefs about the use of permaculture in 

their future classrooms. After coding each qualitative data set separately, the number of 

times codes appeared was recorded. These data were descriptively analyzed to evaluate 

frequency of use in classroom reflections and lesson plans. 
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V. RESULTS 

The quantitative results associated with Research Question 1 (RQ1) are presented 

first, then the qualitative results. This same order is used with Research Question 2.  

RQ1: Teachers’ understanding of and beliefs about teaching permaculture as an 

integrated science framework 

Pretest/Posttest Results. A paired t-test was conducted to examine mean change 

scores for test questions about science concepts and PSTs’ beliefs about the use of an 

integrated science curriculum with permaculture (See Table 4 & 5). The results are 

presented in order from the strongest change to the weakest.  

There is a statistically significant change in the scores for the food forest question 

(M = 4.68, SD = 2.77); t(21) = 7.94, p < 0.001. The mean score for this item on the 

pretest was -2.59 and the mean score on the posttest was 2.09. There is a statistically 

significant change in the scores for biodiversity (M = 2.68, SD = 2.57) on teachers’ 

beliefs about teaching permaculture as an integrated science framework; t (21) = 4.89, p 

< 0.001. While the mean score for this item was -1.41 on the pretest, the mean score was 

1.27 on the posttest. This score means that PSTs’ knowledge of biodiversity moved 

almost three points higher on the Likert scale as a result of the training.  There is also a 

statistically significant change in the scores for microorganisms question (M = 2.32, SD = 

1.81) after the pretest/posttest; t(21) = 6.01, p < 0.001. The mean score for this item on 

the pretest was -1.14 and the mean score on the posttest was 1.18.  There is a statistically 

significant change in the scores for soil (M = 1.91, SD = 2.60); t(21) = 3.45, p = 0.002 

and there is a marginally significant  change in pattern in nature (M = 0.95, SD = 2.46); 

t(21) = 1.82, p = 0.083 between pretest and posttest. There is not a statistically significant 
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change for plants and their needs (M = 0.91, SD = 2.58); t(21) = 1.65, p = 0.113. 

Moreover, there is a marginally significant mean change for the interaction of living 

organisms (M = 0.87, SD = 2.14); t(21) =1.89, p = 0.073. The understanding of 

permaculture and its description has a statistically significant change after the 

pretest/posttest (M = 0.41, SD = 0.67); t(21) = 2.88, p = 0.009. There is also not a 

significant change in animals and their needs (M = 0.09, SD = 1.85); t(21) = 0.23, p = 

0.820 and there is not a statistically significant mean change for PSTs’ beliefs on climate 

(M = 0.09, SD = 1.74); t(21) = 0.24, p = 0.809.  

Table 4: Paired Sample t Test of Self-evaluation of Expertise in Science Concepts  

Science Concepts Mean 

Diff 

Std. 

Deviation 

t N p 

Food Forest 4.68 2.77 7.94 22 < 0.001 

Biodiversity 2.68 2.57 4.89 22 < 0.001 

Microorganisms 2.32 1.81 6.01 22 < 0.001 

Soil 1.91 2.60 3.45 22 0.002 

Pattern in nature 0.95 2.46 1.82 22 0.083 

Plants and their needs 0.91 2.58 1.65 22 0.113 

Interaction of living 

organisms 

0.87 2.14 1.89 22 0.073 

Permaculture 0.41 0.67 2.88 22 0.009 

Animals and their 

needs 

0.09 1.85 0.23 22 0.820 

Climate 0.09 1.74 0.24 22 0.809 
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Table 5: Average Responses for Each Question in Pretest & Posttest 

Science Concepts Mean-Pre Mean-Post 

Food Forest -2.59 2.09 

Biodiversity -1.41 1.27 

Microorganisms -1.14 1.18 

Soil 0.09 2.00 

Pattern in nature 0.41 1.36 

Plants and their needs 1.64 2.55 

Interaction of living organisms 1.68 2.55 

Permaculture 0.41 0.82 

Animals and their needs 2.64 2.73 

Climate 1.55 1.64 

 

Food Forest Design Lesson Plans Results. Table 6 shows the number of 

selected plants by PSTs to describe on their food forest designs and other plants’ height, 

sun requirement, general location, and the impact of each other applied correctly and 

incorrectly by PSTs on their food forest designs. The number of descriptions applied 

correctly is greater than the number of descriptions applied incorrectly. The sun 

requirement of the selected plant was applied correctly 18 times without any incorrect 

applications. Participants mentioned the full or partial sun requirements of their plants. 

For instance, one group said that we put the persimmon tree in the location where it will 

get full sun.  

For the general location of the selected plants and their relative location to other 

plants, PSTs mentioned this 18 times and it was applied correctly 16 times. For instance, 

one of the correct locations was for grapes, and the group said, “Grapes climb on trees 

where it has access to full sunlight.” Another of the most frequent descriptions used was 

the height of the selected plant with it being mentioned 14 times. Also, the height of the 
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selected plant was applied correctly 13 times while it was applied incorrectly 1 time. The 

incorrect answer was, “The sweet potatoes plant is in a good spot because it is lower to 

the ground and does not have to worry about the other plant or trees covering it with their 

shadows.” A similar number of participants talked correctly about the impact of other 

plants on the selected plant. For example, one group explained how the location of peach 

and apple trees have a positive impact on an avocado tree to get partial sun. Although the 

impact of other plants on the selected plant was mentioned 10 times, only one group 

mentioned the reason for this impact. The one mention was “The Ginkgo tree is behind 

the red mulberry which has a height of 35-50 feet, so the Ginkgo gets partial sunlight 

because it is shorter than red mulberry.” On the other hand, only a few PSTs mentioned 

the impact of the selected plant on other plants. There were five answers given, and four 

were correct. Although it was mentioned five times, only two of them mentioned the 

reason of this impact. Only one group mentioned the impact of sun movement on the 

plants’ sun requirement. The group focused on the sun requirement of black cherry by 

considering sun movement.  

 

 

 

 

 

 

 

 



 

29 
 

 



 

30 
 

RQ2: Pre-service teachers’ beliefs about teaching permaculture in the classrooms: 

Pretest/Posttest Results. A paired t-test was conducted to compare mean change 

scores for test questions about and PSTs’ beliefs about applying permaculture in the 

classrooms (See Table 7 & 8). The results are presented in order from the strongest 

change to the weakest.  

There is a statistically significant change in the scores for teaching science 

concepts effectively question (M = 2.09, SD = 1.85; t (21) = 5.30, p < 0.001. The mean 

score for this item on the pretest was -0.23 and the mean score on the posttest was 1.86. 

This change score means that PSTs’ beliefs about teaching science effectively moved two 

points higher on the Likert scale. There is a statistically significant change in the scores 

for understanding the NGSS for science curriculum (M = 1.82, SD = 1.56); t(21) = 5.46, 

p < 0.001. The mean score for this item on the pretest was -0.91 and the mean score on 

the posttest was 0.91.  There is a statistically significant change in the scores for 

understanding the science TEKS question (M = 1.64, SD = 1.87); t(21) = 4.11, p < 0.001. 

There is also a statistical significance in finding better ways to teach elementary science 

than traditionally taught (M = 1.64, SD = 1.89); t(21) = 4.06, p = 0.001. On the other 

hand, there is not a statistically significant change in the scores for liking gardening 

activities (i.e., growing vegetables, fruits, and herbs, mowing, or digging) (M = 0.91, SD 

= 2.63); t(21) = 1.62, p = 0.121. Although there is no statistically significant change in 

using school garden to implement science curriculum (M = 0.05, SD = 0.21); t(21) = 

1.00, p = 0.329, all PSTs  reported on the posttest that they would like to use school 

garden to implement science curriculum because they a) have interest work in gardening 

with students, b) have enough time to spend in the garden with students, c) know how 
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gardening aligns with science curriculum or science standards, d) have the resources, and 

e) have enough knowledge to do gardening activities. Also, 17 of PSTs reported that they 

would use hands-on permaculture lesson plans connected to science curricula if they had 

them and there were 5 answers as “maybe.”  

Table 7: Paired Sample t Test of PSTs’ Beliefs about Permaculture  

School Gardens & Science Curriculum Mean Diff Std. 

Deviation 

t N p 

I can teach science concepts effectively 2.09 1.85 5.30 22 < 0.001 

I know and understand the NGSS for 

science curriculum 

1.82 1.56 5.46 22 < 0.001 

I know and understand TEKS for science 

curriculum 

1.64 1.87 4.11 22 < 0.001 

I can find better ways to teach elementary 

science than traditionally taught 

1.64 1.89 4.06 22 0.001 

I like gardening activities 0.91 2.63 1.62 22 0.121 

If you knew how, would you like to use 

school garden to implement science 

curriculum 

0.05 0.21 1.00 22 0.329 

 
Table 8: Average Responses for Each Question in Pretest & Posttest 

School Gardens & Science Curriculum M-pre M-post 

I can teach science concepts effectively -0.23 1.86 

I know and understand the NGSS for science curriculum -0.91 0.91 

I know and understand TEKS for science curriculum 1.36 3.00 

I can find better ways to teach elementary science than 

traditionally taught 

0.86 2.50 

I like gardening activities 1.18 2.09 

If you knew how, would you like to use school garden to 

implement science curriculum 

0.95 1.00 
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Personal Classroom Reflections Results. Fourteen of the 22 participants 

mentioned permaculture and school gardens in their class reflections. Twelve PSTs 

reflected on only permaculture in their personal classroom reflections. Five of them 

mentioned permaculture in their class reflection with general ideas of permaculture. For 

instance, “Permaculture can be used in schools” was one of the reflections. On the other 

hand, seven participants focused on more specific concepts related to permaculture such 

as the impact of permaculture on the environment and applying permaculture with 

students. For example, one of the PSTs said that “Educating students about permaculture 

is important for the future of our environment and sustainability.” Also, other participant 

mentioned “Permaculture can be a positive topic to introduce to students, allowing them 

to have hands-on activity.” Five PSTs focused on school gardens and outdoor learning in 

their classroom reflections. For instance, one participant is planning to incorporate the 

outdoors (garden, habitats) into learning to help students gain knowledge and respect for 

the environment.  

Thirteen participants reflected that they started to think or feel differently towards 

permaculture after the IPL. For instance, one PST said that “I learned what permaculture 

is and how to incorporate in the classroom,” and other PSTs mentioned, “I learned about 

permaculture and why students should learn about it.” Moreover, four PSTs said they 

plan to do activities differently with permaculture in their schools. For example, one of 

the participants said “I will give emphasis to teaching kids about gardening and 

permaculture.”  

Lesson Plans about How Permaculture Aligns with TEKS Results. Groups 

justified science standards to the activities from 1st grade to 5th grade covering the topic 
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of Earth and Space and Organisms and Environment. Seven themes were identified 

through the coding process. Although four of them were advantages (hands-on, real-life 

experiences, developmentally appropriate, and environmental consciousness) of the 

activities, three of them were disadvantages (available resources, budget, time-

consuming) about the assigned activities. Table 9 shows the advantages and 

disadvantages of assigned lesson plans and their science TEKS with science themes. The 

advantages are: 

Hands-on learning. The most mentioned advantage of using permaculture to 

teach science was the ability to incorporate hands-on learning into the classroom. This 

theme was mentioned eight times by PSTs. While Lesson plan A, B, D, and E were 

selected as hands-on activity by all assigned groups, only one group accepted Lesson plan 

F as a hands-on activity. The discussion about hands-on learning centered on how it leads 

to more engagement and active learning for students. For instance, Lesson plan D was 

selected as a hands-on lesson by both groups because it provides students the opportunity 

to explore the garden habitat by working in the garden.  

Real-life experiences. After hands-on learning, the most frequently mentioned 

advantage was real life experiences. Groups mentioned real-life experiences five times 

for lesson plans B, C, D, and F. This theme was chosen because the lesson plans provided 

interactive real-world experiences to the participants. For example, Lesson plan B 

encourages students to plant summer crops to understand differences in lifecycles 

between cool and warm-season crops.  

Developmentally appropriate. Two groups focused on developmentally 

appropriate activities, and both of them were analyzing Lesson plan A, which is about a 
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forest floor and the investigation of a variety of organisms on the forest floor. This lesson 

plan was perceived as developmentally appropriate by PSTs because it could be used for 

K-2 grades. 

Environmental consciousness. Environmental consciousness was mentioned only 

once in the results for Lesson plan C. This lesson plan was about composting, and 

participants specified that this lesson plan is important to teach kids about environmental 

conservation, and it is a way to teach students about healthier and cleaner ways of living.  

There are several disadvantages of permaculture activities: 

Available resources. Available resources was cited two times as a disadvantage. 

This concern includes the conducting of permaculture lesson plans when it might be hard 

to find space to grow different plants at the school. Also, some activities need specific 

environments to do the activity, and those might not be available at the school. Therefore, 

this disadvantage was found in Lesson plan A and B that need specific environments and 

space.  

Budget. Having funds in the budget to apply permaculture design in the school 

gardens was cited as another disadvantage. PSTs mentioned that the inability to find 

budget funds might make it difficult to buy different plants to grow in the food forest.  

Time.  The fact that permaculture can be time consuming was cited as the last 

disadvantage because some parts of the activities take an large amount of time, and it 

affects the activity process. For example, the beginning part of Lesson Plan E was 

described as time-consuming because students needed to wait for the dirt to settle before 

continuing to other parts of the activity. On the other hand, one group mentioned the 

positive effect of time on the permaculture lesson plan. The group said that “Lesson plan 
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B provides students chance to grow a garden and observe it throughout the year. It allows 

students to be more engaged in the activity process.”
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VI. DISCUSSION 

Discussion  

In answer to my first research question about whether PSTs change in their 

understandings of and beliefs about teaching permaculture as an integrated science 

framework after the In-class Permaculture Lesson (IPL), I found that PSTs’ responses 

changed significantly. The findings suggest that PSTs experienced increases in their 

knowledge about permaculture as a self-sustained design system and about components 

in the food forest such as soil, plants, animals, and microorganisms. PSTs’ self-evaluation 

about their knowledge changed significantly on four permaculture-related science 

concepts (biodiversity, food forest, microorganisms, and soil). Of the remaining five 

permaculture-related science concepts, self-evaluations of knowledge changed marginally 

significantly on two (interaction of living organisms and pattern in nature) and did not 

change significantly on three (plants and their needs, animals and their needs, and 

climate).  

Some prior studies reported that teachers used school gardens to unify science 

concepts for elementary grades (Graham et al., 2004). For example, form and function of 

plants can be taught in the school gardens through observation of plants and their life 

cycles (Rye, et al., 2012). The current findings add to this literature because most science 

concepts can be unified by permaculture teaching including biodiversity, 

microorganisms, soil, interaction of living organisms, and patterns in nature.  

Furthermore, the findings of this study demonstrate that designing a food forest in 

a school gardens could be an effective way to unify science concepts in elementary 

schools. This is because the findings demonstrate that learning about permaculture 
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increased PSTs knowledge about identifying a new way about teaching in science and 

science concepts effectively. This result is consistent with previous research on school 

gardens and implementing gardening activities for integration of science concepts 

(Graham & Zidenberg-Cherr, 2005) because the results of the current study show that 

permaculture activities can be applied to teach science with hands-on learning, real life 

experiences, and developmentally appropriate for all elementary grades.  It is also 

consistent with teaching life science concepts such as life cycles, ecology, soil, animals, 

and plants in the edible garden (Morgan, 2017). The findings of the current study suggest 

that permaculture concepts align with science TEKS to teach science. The current 

findings also extend these prior results because the response of PSTs from the activity 

justifying TEKS to the lesson plans demonstrated that most of the science TEKS for 

elementary grade levels can be unified with permaculture activities.  

While responses of PSTs did not change significantly on plants and their needs, 

the results from PSTs’ lesson plans showed that PSTs focused on plants and their sun 

requirements in a different way than traditional taught. PSTs experienced how plants’ 

heights and locations affect to meet their sun requirements with hands-on experiences. 

They focused on the impacts on plants to each other on their food forest designs. In this 

way, the IPL helped PSTs to have new ways to use their prior knowledge on plants and 

their needs by designing food forest.   

In answer to my second research question about whether PSTs differ in their 

beliefs of teaching permaculture in their classrooms, I found that PSTs’ responses 

changed significantly on understanding national and state science standards for science 

curriculum after the IPL. Furthermore, PSTs’ responses changed significantly on teaching 
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science concepts effectively and finding better ways to teach science than traditionally 

taught after the IPL. These findings are consistent with a prior study that focused on 

designing school gardens to help students learn science concepts better (Williams et al., 

2018). As prior studies focused on school gardens to teach science with observation, 

experimentation, and gaining knowledge about natural process (Blair, 2009), the current 

study adds to this literature by unifying science concepts with hands-on activities and real 

life experiences in the food forest. Also, the current study shows that how permaculture 

can easily be applied to different science standards. For example, we identified  for grade 

K, the TEKS 9 (B) examine evidence that living organisms have basic needs such as 

food, water, and shelter for animals and air, water, nutrients, sunlight, and space for 

plants during the in class alignment of TEKS and permaculture activity. Permaculture 

can also be applied to other states science standards because they have similar science 

standards. For instance, Colorado academic science standard for preschool is recognizing 

that living things have unique characteristics and basic needs that can be observed and 

studied to indicate observing and describing how natural habitats provide for the basic 

needs of plants and animals with respect to shelter, food, water, air and light. Another 

example is Illinois learning standards in science for kindergarten for Earth and Human 

activity. Students are expected to develop understanding of what plants and animals 

(including humans) need to survive and the relationship between their needs and where 

they live. Permaculture can be applied to other states science standards.  

The results of the current study suggests that there are several advantages of 

applying permaculture to teaching science in elementary school grades. First, PSTs found 

that permaculture activities were developmentally appropriate to conduct K-5 grade 

https://www.isbe.net/Documents/Il-Learning-Standards-Science.pdf
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variation. It seems reasonable that PSTs can make changes to permaculture activities to 

adapt them to different grade levels. The second advantage was that permaculture 

activities provide hands-on learning. This finding is consistent with a prior study that 

showed sustainable food production in the garden helps students to be more engaged with 

the natural environment and learn science concepts better (Lebo & Eames, 2015). My 

findings also extend this prior study’s result with the advantage of real life experiences 

provided by permaculture activities. Engagement of students in the gardens provides 

them with interactive real-world experiences. The last advantage was that permaculture 

activities encouraged the teaching of environmental consciousness to students. Similarly, 

a prior study indicated that a permaculture approach to teaching science encourages 

students’ understanding of sustainable thinking (Nelson, 2013). 

Some previous research suggest that there are some barriers to conducting 

gardening activities to enhance science learning such as time, curricular materials 

connected to academic standards, lack of teachers’ interest and experience (Graham & 

Zidenberg-Cherr, 2005), funding (Smith et al., 2019), and space (Burt et al., 2018). I 

found similar results with the previous study that PSTs’ responses showed several 

disadvantages of permaculture activities. They are space, budget, and time. In contrast to 

the research that indicates lack of teachers’ interest and knowledge as other barriers 

(Graham & Zidenberg-Cherr, 2005), the current study demonstrated that all PSTs 

reported that they would like to use school gardens to implement science curriculum 

because they a) have interest in gardening activities with students, b) have enough time to 

spend in the garden with students, c) know how gardening aligns with science curriculum 

or science standards, d) have the resources, and e) have enough knowledge to do 
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gardening activities. Moreover, PSTs responded positively to finding curricular materials 

connected to academic standards to apply permaculture in schools to teach science 

although teachers found this as a barrier in previous studies. 

Implications 

This study was conducted to investigate preservice teachers’ understanding of and 

beliefs about applying permaculture design to unify science concepts in the schools. The 

results of the current study suggest that permaculture could increase understanding and 

beliefs of preservice teachers to teach unified science concepts in elementary schools in 

the following ways.  

First, teacher preparation programs could emphasize the importance of a 

permaculture curriculum to unify science concepts to teach science in a way that results 

in better science achievements in elementary grade levels. Because preservice teachers 

might not know about permaculture activities, a program can provide workshops and 

information sessions that introduce permaculture concepts and explain teaching science 

in school gardens. Also, preservice teachers can be provided hands-on practices for food 

forest gardens. It can help them to initiate permaculture activities in their schools.   

Second, because the results of this study showed that finding space and budget is 

a concern for teachers to design school gardens, administrators and policy makers would 

consider about new policy to find a space and budget for food forest gardens in the 

schools. Also, schools can get some help from their communities and parents to design 

and sustain food forest gardens.  

Additionally, published permaculture curriculum for elementary school grade 

levels can be a guide for teachers to conduct permaculture activities. The results of the 



 

42 
 

current study showed that understanding of PSTs increased on how permaculture can 

unify science state science standards and PSTs would use permaculture curriculum if it 

were available for them. Thus, a published permaculture curriculum would help to 

enhance students’ conceptual understanding of science as Nogay (1994) mentioned that 

conceptually integrated science curriculum improves students’ science learning.  

Finally, this current study models how other integrated concepts from 

sustainability such as carbon foot print or food miles could be evaluated for use with 

PSTs as a means to improve science learning and provide hands on activities. By 

incorporating into the lesson plan intervention an activity about the relationship of 

sustainability concepts to state standards such as TEKS the method outlined the current 

study not only improves PSTs’ understanding of integrated science teaching but also 

provides them the rationale for incorporating sustainability in their teaching. In a teaching 

landscape governed by “teaching to the test” one way to increase sustainability concepts 

in the curricula is to connect teaching sustainability with improved learning outcomes. 

Limitations and Further Research 

While the study contributes to the literature to unify science concepts with 

permaculture teaching, there are some limitations to consider. First, the small sample 

population can be a limitation to generalize the results because there were only 22 

participants. Generalization of the study should be done with caution. The second 

limitation is that all participants were studying at the same university, the understanding 

and beliefs of PSTs can be restricted to science and permaculture concepts. Therefore, the 

results should be generalized with caution because different results could emerge from 

PSTs who are studying at different universities. Third, the data was collected in Texas 
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and this study focused on Texas Essentials Knowledge and Skills for science standards. 

Generalization of the results beyond Texas should be made with great caution as there are 

differences in the science education standards across the U.S. Fourth limitation is the 

PSTs’ knowledge about TEKS and NGSS. PSTs had completed two class periods before 

and after the IPL. During these classes, they learned more about NGSS and TEKS in their 

science method course. Their knowledge and understanding the NGSS and TEKS for 

science curriculum can be affected by their continued instruction in the science course.   

As the current study found that PSTs’ beliefs about teaching permaculture to 

unify science concepts and teaching permaculture in their classrooms, future research can 

explore the same research with in-service elementary teachers. Implementing 

permaculture curriculum to unify science concepts in the classrooms and student learning 

outcomes would help to extend this research. Adding a new research question (how 

students will respond to permaculture learning in the schools?) to the current research 

questions can help to conduct the future research with elementary school teachers. A goal 

of a future study would be for elementary teachers to apply permaculture curriculum to 

unify science concepts in their schools. 
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APPENDIX SECTION 

APPENDIX A 

Consent Form 

 
Sonnur Ozturk, a graduate student at Texas State University, is conducting a research study to evaluate the 

effectiveness of an integrated curricular design involving permaculture on pre-service teacher attitudes 

and beliefs about teaching science curriculum in elementary school grades. You are being asked to 

complete this pretest because you are a preservice teacher and studying at Texas State University. 

 

Participation is voluntary. If you agree to take part in this research you are providing us permission to use 

your data collected from the pretest, workshop, and post test administered as part of your class. The pretest 

and post tests will take approximately 10 minutes or less to complete. . The workshop training will take 

place during a Science in Elementary Education course and this session will be approximately 75 minutes 

long. I will examine the lesson plans as a part of my qualitative findings. After the training, The posttest 

will be conducted one week after the training. You must be at least 18 years  old. 

This study involves no foreseeable risks. We ask that you try to answer all questions; however, 

if there are any items that make you uncomfortable or that you would prefer to skip, please 

leave the answer blank. Your responses will be kept confidential. 

 

Possible benefits from this study are: 

 Learning more about what permaculture is. 

 How permaculture can be integrated with elementary science curriculum. 

 How permaculture concepts can align with Texas Essential Knowledge and Skills (TEKS). 

 

The findings of this study may help in-service teachers to choose permaculture design to teach science 

curriculum in their schools. It also may help educator preparation programs to teach science curriculum to 

elementary pre-service teachers. 

 

Reasonable efforts will be made to keep the personal information in your research record private and 

confidential. Any identifiable information obtained in connection with this study will remain confidential 

and will be disclosed only with your permission or as required by law. Dr. Forsythe will not have access to 

the preservice teacher consent forms or analyze study data that has not been de-identified until after final 

course grades have been submitted. The members of the research team and the Texas State University 

Office of Research Compliance (ORC) may access the data. The ORC monitors research studies to protect 

the rights and welfare of research participants. 

Your name will not be used in any written reports or publications which result from this research. Data will 
be kept for three years (per federal regulations) after the study is completed and then destroyed. 

 

If you have any questions or concerns feel free to contact Sonnur Ozturk or her faculty advisor Dr. Jim Van 

Overschelde. 

 

Sonnur Ozturk, Graduate Student Jim Van Overschelde, Assoc. 

Professor Sustainability Studies Curriculum & Instruction 

512-618-5628 512-245-9112 

s_o160@txstate.edu jimvano@txstate.edu 

 
 

mailto:s_o160@txstate.edu
mailto:jimvano@txstate.edu
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This project 6571 was approved by the Texas State IRB on September 24, 2019. Pertinent 

questions or concerns about the research, research participants' rights, and/or research-

related injuries to participants should be directed to the IRB chair, Dr. Denise Gobert 

512-716-2652 – (dgobert@txstate.edu) or to Monica Gonzales, IRB Regulatory Manager 

512-245-2334 - (meg201@txstate.edu). 

 

Contact the researcher by email if you choose not to participate. Otherwise your 
deidentified class work will be used for analysis. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Exempt Review 

9/24/2019 
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Pretest 
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Posttest 
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APPENDIX B 

IPL Handout 

PERMACULTURE TO TEACH SCIENCE IN THE EC-6 CLASSROOMS 

Outline 

 Discussion about Permaculture 

 1st activity 

o Food Forest Design  

 2nd activity 

o Assigning Science TEKS to the Permaculture Activities 

What is a Food Forest? 

 The forest ecosystem consists of different kinds of plants, animals, and 

microorganisms, and there is a complex relationship between all these species to 

create a self-sustained ecosystem. 

 A food forest mimics a forest edge that is planted with edible plants. 

 Understand how nature design forest systems. They are self-maintaining 

 We can model this system with productive species.  

What is Permaculture? 

 Bill Mollison and David Holmgren -1970s 

 Combination of the words “permanent” and “agriculture 

 Maintaining itself and does not require annual inputs  

 a continuous cycle : one output can be an input for another in nature  

o For instance, dead plants become composted for soil and new growing 

plants.  

 Focus on the observation and replication of natural patterns in the environment  

 By using natural patterns, we are consciously designing and maintaining 

productive systems 
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TEKS Worksheet 

 

 

 

 

 

 

 

 

 

Lesson 

Plan 

(A-B-C-

D-E-F) 

Grade Science 

TEKS 

Justify 

(Why did you 

choose these 

science TEKS?) 

Would you use this activity in 

the classroom? Why/Why not? 

  0                                         5 
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List of the Plants and Their Needs 

Name Layer Height (ft) Sun 

Black Cherry Canopy 45-50 Full, Partial 

Ginkgo Canopy 25–50 Full, Partial 

Red Mulberry Canopy 35-50 Full, Partial 

Japanese pagoda tree Canopy 50-75 Full, Partial 

Loquat 'Japanese Plum' Understory 10-20 Full 

Persimmon Understory 15 - 20 Full 

Peach Tree Understory 15 Full 

Cherry Tree Understory 15-20 Full 

Olive Tree Understory 20 Full 

Red Pomegranate Understory 8-10 Full 

Avocado Understory 15-20 Full-Partial 

Apple  Understory 10-20 Full 

Italian Alder Understory 30-50 Full-Partial 

Golden Chain Tree Understory 20 Full-Partial  

Blackberry Shrub 8-10 Full-Partial  

Goji Berry Shrub 8-10 Full-Partial  

Mulberry Shrub 30-35 Full-Partial  

Rosemary Shrub 2-3 Full 

Lavender Shrub 2-3 Full 

Indigo Shrub 4 Full-Partial  

Spanish Broom Shrub 6-10 Full 

Comfrey Herbaceous 36-60 Full, Partial  

Parsley Herbaceous 24-36 " Full, Partial  

Partridge Pea Herbaceous 12-36 " Full, Partial  

Narrow Leaf Coneflower Herbaceous 18-24 " Full, Partial  

Lemon Balm Herbaceous 12-18 " Full 

Catnip Herbaceous 36-48 " Full, Partial  

Frog Fruit Ground Cover 0.5 Full, Partial 

Peanuts Ground Cover 1-3 Full, Partial 

Sugar Beet Underground 18 " Full 

Sweet Potatoes Underground  15 " Full, Partial 

Grape Vertical 4-6 Full 

Passionflower Vertical 20 Full 

Chinese Knotweed Vertical 10-15 Partial 
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Pictures of the Plants 
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Published Lesson Plans 
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APPENDIX C 

Food Forest Designs 
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