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Kelsey Ormonde agrees to prepare a literature review focused on soil science education. 

Ormonde will also prepare a lesson plan to be utilized by the Learn by Doing Lab (LBDL) 
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accomplish work during winter quarter 2016, following the attached timeline. Upon satisfactory 

completion, Professor Appel will submit appropriate grades for this work and the NRES 

department will consider the senior project requirement fulfilled. 
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a. Work to be performed: 

(1) Project purpose, objectives, and relevance to planning: 

The purpose of the senior project was to develop a lesson plan to educate 5th ï 8th grade students 

about soil science. Cal Polyôs Learn by Doing Lab specializes in teaching various scientific 
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the program was overseen by Cal Poly professors, the majority of activities, demonstrations, 

experiments and teaching was accomplished by Cal Poly students. The LBDL course (SCM 302) 

offered Cal Poly students the opportunity to experience teaching middle school age students 

using interactive experiments in STEM fields. 

The project objectives were to 1) conduct a literature review of published papers focused on soil 

science education, teaching, enrollment trends, and employment to provide the necessary 
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background information to assist with the development of the lesson plan, and 2) to create a 

LBDL lesson plan about soil science. 

Our Soils are a vital natural resource, and will continue to be so if managed sustainably. A 

LBDL focused on soil science is a great opportunity to educate students about soils and 

hopefully spark their interests in this little known field of science. 

(2) Approach or method, including information sources: 

The approach for this senior project was a case study in written form. 

The information was obtained from the online journal resources provided by the Cal Poly Robert 

E. Kennedy Library, the Soil Science Society of America website, as well as course materials 

from soil science classes taken by Ormonde. 
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¶ Literature Review 
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o How to increase interest and awareness in the field of soil science 

o What are methods currently being implemented in classrooms to teach soil 

science 

¶ LBDL Soil Science Lesson Plan 

o What is Soil Science? 

Á Define soil science  

Á Include interactive demonstration 

o 3 disciplines of Soil Science 

Á Physical 

¶ Interactive activity with soil texture 

Á Chemical 

¶ Interactive experiment with soil filtration 

Á Biological 

¶ Discuss soil macro and micro organisms 

¶ Prepare ñworm terrariumsò with students 
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ABSTRACT 
 

 To increase interest in soil science and other related sciences, educational materials need 

to be tailored to appeal to younger students. The purpose of this project was to create a soil 

science lesson plan that could be utilized by the Cal Poly Learn By Doing Lab. Information from 

several articles, textbooks, lesson plans, and websites was reviewed to create a soil science 

lesson plan for students in 5-8th grade. The lesson plan focused on the three sub-disciplines of 

soil science; physical, chemical, and biological. Activities were created to correspond to the three 

sub-disciplines. Alternate activities were created to allow for substitutions. The concluding 

activity incorporated the three sub-disciplines by discussing the important processes soil 

provides for life on earth. The lesson plan was written to be educational, but also entertaining for 

students and teachers. 
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CHAPTER 1 
 

INTRODUCTION 

 

The purpose of this senior project was to develop a lesson plan to educate 5th ï 8th grade 

students about soil science. Cal Polyôs Learn by Doing Lab (LBDL) specializes in teaching 

various scientific topics to elementary through middle school age students from all over 

California. Although the program was overseen by Cal Poly professors, the majority of activities, 

demonstrations, experiments and teaching was accomplished by Cal Poly students. The LBDL 

course (SCM 302) offered at Cal Poly gives students the opportunity to experience teaching to 

middle school age students with interactive experiments in STEM fields.  

The project objectives were to 1) conduct a literature review of published papers focused 

on soil science education, teaching, enrollment trends, and employment, and 2) to create a soil 

science LBDL lesson plan. 

Our Soils are a vital natural resource, and will continue to be so if managed sustainably. 

A LBDL focused on soil science is a great opportunity to educate students about soils and 

hopefully spark their interests in this little-known field of science. 
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OBJECTIVES 

 

¶ Educate 5th-8th grade students about soil science through interactive experiments 

¶ Complete a literature review focused on articles discussing soil science education 

¶ Write a soil science lesson plan for Cal Polyôs Learn by Doing Lab 

¶ Complete the senior project to fulfill the requirements for the B.S. Earth Sciences degree 
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CHAPTER 2 
 

LITERATURE REVIEW 

 

Introduction 

 

 Soils are a resource upon which every human being depends. However, the scientific 

discipline of soil science is a relatively new field, dating back to the late 1800s. Not only is soil 

science a distinct field of science, it is also inter-disciplinary. This created a problem for soil 

science in the academic and professional worlds, where it has been absorbed into other fields and 

professions. To keep soil science current with the ever-changing world of academics, updates 

needed to be utilized. The changes included adopting new teaching styles, educating the public in 

an entertaining and informative way, creating interactive teaching programs for primary school 

students, updating university programs to reflect the qualifications employers are looking for, 

and shifting the academic field from agricultural to environmental (Brevik et al, 2014). 

History of Soil Science: Education 

The academic history of soils is relatively short, but full of changes. Unlike other 

scientific disciplines dating back hundreds of years, soil science university programs were first 

established during the late 1800s, when the United States government began to conduct soil 

surveys. Scientists were hired to complete the surveys, though they lacked the necessary training. 

The demand for scientists with knowledge of soils prompted the formation of soil science 

programs at universities such as the University of North Carolina and Earlham College. One of 

the first soil science textbooks in the United States, Soils, Their Properties and Management was 
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written by T. Lyttleton Lyon, Elmer O. Fippin, and Harry O. Buckman in 1909 (Brevik et. al., 

2014). 

As the study of soils at the university level grew, liberal art schools that had helped start 

soil science programs were replaced by agricultural colleges and land grant universities. Land 

grant universities were created by the Morrill Act of 1862. These universities received federal 

funding to provide the working class practical education on agriculture, engineering, and military 

arts (Brevik et. al., 2014). 

During the 20th Century, soil science became a standalone academic discipline, and was 

associated with land grant universities. Today, most soil science departments have been 

hybridized with other related programs, such as agricultural and environmental management, 

environmental sciences, and forest resources. About 5% of the universities offering a soils 

degree have a department strictly for soil science. The wide variety in names of departments 

indicated a strength and weakness of the discipline; soil science was interdisciplinary and could 

contribute to other fields, however this could also allow for it to become absorbed into related 

fields (Brevik et. al., 2014). 

Interestingly, there was a decline in enrollment in soil science since the 1980s to the mid-

1990s. However, since 2005, enrollments have increased. The increased interest in the field is 

promising, though the concern was how to retain interest in the future. Professors, universities, as 

well as the Soil Science Society of America (SSSA) researched what caused a drop in enrollment 

and methods to increase interest in soil science (Brevik et. al., 2014). 
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Enrollment Trends in Soil Science Programs 

Enrollment trends in the past 20 years have dropped. In more recent years, however, 

enrollment has increased. A survey conducted by the Soil Science Society of America (SSSA) in 

1992 with a follow-up in 2004 showed over 80% of the universities that participated experienced 

a decline in soil science students. Soil science enrollment data between the academic years of 

2007-2008 through 2013-2014 at 14 colleges was analyzed by Dr. Brevik and his co-authors to 

determine if enrollment numbers were increasing or decreasing. The results were encouraging 

with a 46% increase in undergraduate enrollment and a 50% increase in graduate program 

enrollment. SSSA student membership has also increased, further supporting the determination 

of increasing student numbers in soil science in the United States. Additional evidence outside of 

enrollment supports the increased interest in soil science, such as a rise in global studies 

including soil science, the United Nationôs declaration of 2015 as the International Year of Soils, 

and increased soils publications (Brevik et. al., 2014). 

To find out the cause of the decrease in enrollment, surveys were conducted by the SSSA 

and Economic Sciences Research Center at Washington State University in 2008. The objectives 

of the surveys included enrollment trends, career opportunities, issues in soil science education, 

and faculty. The three target groups of the surveys were current undergraduate, graduate and 

recent graduates in soils programs, college departments, and employers in the United States and 

Canada (Halvin et. al., 2010). 

Student Input 

The majority of student responses (81%) were graduate students. That may have skewed 

the results of the survey in favor of pursuing a career in soil science due to masters programsô 

specific focus of soil science as opposed to the broader undergraduate programs that could be 
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more or less related to soil science. Responses to the survey provided interesting insight on how 

students, faculty, and professionals view soil science (Halvin et. al., 2010). 

The main reasons students were drawn to the major were classes and projects in college, 

previous experience working in agriculture, professor-suggested, or a class or project during or 

before high school. Student interest in soils programs increased after completing soil science 

courses. The results suggested the best method to increase interest in soil science would be to 

offer courses that complement other majors, as well as attract students who are undeclared. 

Furthermore, the lack of soil science education in primary schools suggested that including soil 

science and related disciplines in K-12 may increase interest. Students also chose more 

contemporary majors when asked about employment fields, such as environmental science, land 

management, and agronomy (Halvin et. al., 2010). 

The survey results suggested that the discipline needs to develop an environmental focus, 

instead of mainly agricultural. The survey also indicated several areas for improvement, 

including difficulty in finding a job, updating soil scienceôs image to the public, finding ways to 

better engage younger generations in soils, and the imperative role of soil judging for field 

experience (Halvin et. al., 2010). 

Department Input 

The department respondents had a different view of the soil science discipline when 

compared to the student respondents. Most responded that enrollment had not significantly 

changed in the past 10 years, nor would it likely change in the next 10 years. Department 

respondents also indicated that job opportunities had increased in the past 10 years. In contrast to 

the college departments, students seemed to predict a decline in enrollment if soil science 

continued to be associated with agriculture (Halvin et. al., 2010). 
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Employer Input 

Employer respondents differed from college departments, and indicated that it will be 

more challenging to find trained soil scientists in the future. This response suggested a lack of 

effective communication between the needs of employers and the training and education offered 

by university soil science departments. When compared to other disciplines, soil science was 

viewed as part of the responsibilities of professionals, as opposed to a separate expertise. 

Employers seemed most concerned with the association of soil science with traditional agronomy 

and the lack of marketing for licensing and certification (Halvin et. al., 2010). 

Solutions 

 Several associations in and outside the United States have made efforts to promote and 

retain interest in soil science. A group of faculty from Australian universities concluded that soil 

science was a unique discipline, and requires teaching methods that were tailored to the 

discipline. After a survey and several cycles of review, 11 teaching principles were developed for 

soil science education. The principles were a mix of generic and discipline-specific, and were 

explained in detail in Fieldôs article. The teaching principles included uniqueness, fieldwork, 

jargon, active learning, connections, systems, communication, authentic problems, feedback, 

assessment, and outcomes (Field et. al., 2011). 

Starting in 1994, the SSSA teamed with the Smithsonian Institute to develop an 

interactive soil science exhibit aimed at teaching the general public about the importance of soil 

science in a non-traditional setting. Throughout the planning process, several lessons were 

developed to aid those in the future who may undergo a similar educational project. In order to 

complete the massive undertaking of developing an exhibit for the Smithsonian as well as a 

traveling exhibit, persistence, flexibility, planning economically, willingness to compromise, and 
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thinking outside the box were necessities. In 2008, the ñDig It! The Secrets of Soilò exhibit 

opened at the Smithsonian NMNH. After two successful years at the museum, the exhibit was 

closed and reopened as a traveling exhibit until 2014. In preparation for the future of soil science 

and the SSSA, six goals were created to maintain and increase interest in the field. The goals 

were to embrace the public, strong branding of the SSSA with soil science, expand the political 

presence of soil science, branch out to related disciplines and scientific associations, rethink 

delivery of soils information, and develop a leading think tank on soil (Drohan et. al., 2010). 

In the civil engineering discipline, David Elton created an educational program called 

Soils Magic. Alike to the decrease in interest and enrollment in soil science during the late 1990s 

and early 2000s, civil engineering experienced a similar decrease. Elton focused capturing the 

interest of students from kindergarten through 12th through interactive civil engineering 

experiments. His efforts served two purposes: encouraging students to study math and science in 

elementary school, and encouraging students to pursue engineering in college. Elton worked with 

several K-12 teachers and designed the experiments in Soils Magic to be simple, low cost, and 

quick setup time. Elton found his experiments worked well with middle school students, and by 

keeping the activities short was able to capture their attention for the duration of the activities. 

Allowing students to participate in the experiments or assist with testing were also effective in 

teaching the concepts or objectives of the activities. Feedback from teachers was positive; many 

felt the program was more interactive and entertaining than conventional methods used in 

laboratory classes (Elton et. al., 2006). 

Conclusion 

 When compared to other scientific disciplines, soil science is relatively new. Over the 

past century, the discipline has gone through several changes as the needs and requirements of 
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academics and professionals in the field have changed. The study of was created from the 

governmentôs need for soil scientists to complete surveys in the late 1800s. In the academic 

realm, soil science began at a handful of liberal arts universities. Soil science shifted to an 

agricultural focus when land grant universities began to offer soils programs. Today, this small 

niche has grown into the inter-disciplinary field of soil science. To help keep soil science a 

distinct discipline, several surveys of faculty, students, and professionals have been conducted. 

The results of these surveys showed a disconnect between what universities require of soil 

science students, the expectations of students and what the professional world required. 

Enrollment in soil science programs peaked during the 1980s and declined until the early 2000s. 

In response to the declining enrollment, universities merged soil science into related 

departments, or stopped offering soils programs. Although soil science has been strongly 

associated with agriculture in the past, the discipline has shifted to an environmental focus. In 

response to several surveys, solutions to increase enrollment in soil science and the publicôs 

awareness of the scientific field have been developed. These included developing new teaching 

styles specific to soil science, creating the interactive soils exhibit, Dig It! The Secrets of Soil at 

the Smithsonian Museum of Natural History, updating university programs to include 

professional qualifications, and including soil science in primary school education. In order for 

soil science to remain a distinct discipline in the future, a balance needs to be made between the 

requirements in academic and professional fields. Increased efforts to educate the public about 

soil science will also help increase interest in the scientific field. 
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CHAPTER 3 

LESSON PLAN 

 

LBDL Soil Science Lesson Plan 

¶ Introduction 

o Interactive demonstration with different organic and inorganic components of soil 

¶ 3 sub-disciplines of Soil Science 

o Activity 1: Physical 

Á Interactive activity with soil texture 

o Activity 2: Chemical 

Á Interactive experiment with soil filtration 

o Activity 3: Biological 

Á Discuss soil macro and micro organisms 

Á Prepare ñworm terrariumsò with students 

¶ Closing Activity 

o Ecological processes soil provides that are vital to our lives 
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ACTIVITY BOOKLET  

 

  

Figure 1 - Soil Science LBDL Activity Booklet (Ormonde, 2017). 
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Please Note: 

¶ Cut the paper along the dotted line, and fold along the solid lines to make a booklet 

¶ The pages of the booklet correspond to each activity (physical, chemical, and biological) 

¶ The answers to the fill-in questions are written in purple 
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ACTIVITY 1  - INTRODUCTION 

 

Title: What Am I?! 

Learning Objectives/Brief Description: 

¶ Introduce the lesson to students via a guessing game 

of what they think they are looking at 

¶ Introduction to the lesson/general definition of soil 

¶ Three main components of soil; physical, biological, chemical 

Activity Booklet Pages: N/A 

Duration: 5 minutes 

Materials Needed: 

¶ Microscope 

¶ Projector 

¶ Soil samples with interesting features such as: 

o Root hairs/fungi 

o Soil macro-organisms 

o Organic matter vs inorganic 

matter 

¶ Samples that represent the different 

components of soil 

o Rocks, minerals, humus, 

water, etc. 

Figure 2 - Root Hairs (Nielsen, 2013). 

Figure 3 - Fungus (Fleming, 2014). 

Figure 4 ς Soil Humus (California Quarry Products, 2017). 
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o Biological components 

Setup Procedure: 

1. This experiment should be set up 

before the students enter the room to 

help keep the element of surprise. 

 

2. Separate each specimen into 

containers. Line up containers to 

enable specimens to be swapped out 

easily from the microscope. 

Operation of the Activity/Experiment: 

1. Welcome and introduce the students to the Learn By Doing Lab. Allowing students to 

participate, ask them, ñwhat do these things have in common?ò Let them make a few 

guesses, offer hints if needed to help guide them to the right answer-soil! Explain that all 

the specimens are different components of soil, the stuff below our feet. Explain that the 

lab will be about the three main components that make up soil (physical, chemical, 

biological). Ask the students what they 

think soil is. Define soil as a mix of 

minerals, gases, liquids, organic matter, and 

organisms that support our lives on Earth. 

 

Figure 5 ς Magnified illustration of particle sizes (RainMachine, 
2017). 

Figure 6- Earthworms (Edwards, 2017). 
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2. After the introduction, hand out booklets, and divide students into 3 groups. 

Notes/Helpful Tips: 

¶ Capturing the studentôs attention 

can be difficult at times. Do your 

best to show enthusiasm in the 

introduction, and theyôll be 

hooked! Having a few interesting 

facts about soil can help as well. 

 

  

Figure 7 - Root nodules containing rhizobium bacteria (Temple, 
2017). 
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ACTIVITY 2  - PHYSICAL 
 

Title: Soil Texture (Physical) 

Learning Objectives/Brief 

Description: 

¶ Students will learn about 

the physical properties 

of soil including: 

o Soil texture 

o Particle size 

¶ students will learn about soil texture by texturing different samples 

¶ Make the connection on why soil texture is important for water filtration and storage. 

Activity Booklet Pages: 2-3 

Duration: 15 minutes 

Materials Needed: 

¶ Soil samples 

o Sandy soil (sandy loam or 

loamy sand) 

o Silty soil (silt loam) 

o Clay (clay loam or clay) 

o Loam 

¶ Spray bottles 

¶ Water and squeezable pray water 

bottles 

¶ Mortar and pestle 

¶ 2-mm sieve 

¶ Soil texture triangle poster 

¶ Newspaper print roll or old 

newspapers 

Figure 8 - Making a soil ribbon (Slide Share, 2011). 



25 
 

¶ Paper towels ¶ Hand broom and dustpan

Setup Procedure: 

1. Cover lab tables with newspaper print or any paper to help keep surfaces clean. 

 

2. Place the tubs of soil so they have enough space in between to allow multiple students to 

reach them (or use separate tables if thereôs enough room). Label the samples with 

numbers 1-3, and the loam as ñGoldilocks.ò 

 

3. Place paper towels, hand brush and dustpan, and any other materials nearby for easy 

cleanup. 

Operation of the Activity/Experiment: 

1. Introduce the activity and separate the students into 3 groups; one for sand, one for silt, 

and one for clay. Leave the actual textures a surprise until after the students have textured 

all the samples. Explain the texture triangle and what it represents. For example, relate 

the fibers that make up fabrics; like the many different textures of fabrics, there are also 

many different textures of soil (12). Explain how particle size affects soil texture (the 

smaller the particle, the smoother the texture, etc.). 

 

2. Have each student start with a small handful of soil. Add water slowly, and knead the soil 

in your hand until the water is absorbed. Add more water if the sample is too dry, or add 

more dry soil if itôs too saturated. The soil should have a putty-like consistency; sand will 

not adhere easily as opposed to the silt and clay. 
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3. Ask the students to describe the how the soil feels; is it sticky, smooth, gritty etc. Help 

students fill out answers in the corresponding pages of the activity booklet. Ask what 

sample corresponds with what texture on the texture triangle. Ask students which sample 

they think will hold the most water (clay). Which soil will allow the most water to 

move/percolate through it (sand)? 

 

4. Switch between the three soil samples, and compare their similarities and differences. 

Ask the students which particle size corresponds to which of the three samples they 

worked with. Once all three groups have handled the different soil samples, bring out the 

ñGoldilocks Soil.ò Have each student work up a sample, and guess what they think the 

texture is (itôs a mix of all three!). Make the connection between the perfect mix of the 

loam, and why it is the ñGoldilocks Soilò (itôs the most ideal for growing plants; doesnôt 

drain too quickly or too slowly, holds nutrients well, doesnôt get too compacted, etc.). 

Variation: 

Challenge the students to a ribboning contest. With a moistened soil sample, form it into 

a ball in the palm of your hand. Squeeze the ball between your thumb and forefinger to 

make a ribbon; see Figure 7 for making a soil ribbon. See which soil makes the longest 

ribbon, and who can make the longest ribbon. 

Notes/Helpful Tips: 

¶ Texturing soil can be rather messy, especially with young students and you may want to 

do it outside. Having a hand washing station nearby (or a bucket full of warm water for 

rinsing and dipping hands into), or aprons/lab coats can help minimize the mess. 
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¶ The soil textures do not necessarily need to 

be entirely one particle size (for example, 

pure clay). Consult the soil textural triangle 

in the Appendix for similar textures of the 

samples you plan to include in the activity. 

 

¶ Depending on the soil samples used, they 

may need to be ground down with a mortar and pestle and passed through a 2-mm sieve. 

See figures 9 and 10 for photos of a mortar/pestle and sieve. Use the finer particles that 

passed through the 

sieve for texturing. 

Save the coarser 

particles that did not 

pass through the sieve 

for the soil chemistry 

activity. Grinding soil 

and using a sieve is easy, and can be a fun addition to texturing for students. 

  

Figure 9 - Mortar and pestle (UnidanX, 2016). 

Figure 10 - 2-mm sieve (Ormonde, 2017). 
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ACTIVITY 3  - CHEMICAL 

 

Title: Fun with Filtration (Soil Chemistry)  

Learning Objectives/Brief Description: 

¶ Educate students on the importance 

of soil filtration 

¶ Define cations and anions 

Materials Needed: 

¶ 50 mL graduated burettes 

¶ Funnels 

¶ Cheese cloth or Coffee filter/filter 

paper 

¶ Eosin Yellow solution (negative 

charge) 

¶ Methylene Blue Solution (positive 

charge) 

¶ Deionized Water 

¶ 2-mm sieve 

¶ Mortar and pestle 

¶ Containers for holding the soil (100 

mL) 

¶ 2 containers for collecting the filtrate 

(100 mL) 

¶ Stands 

¶ Soil with a clayey texture and good 

structure 

¶ Sand (optional)

Figure 11 - Lab equipment set up (Ormonde, 2017). 












































































