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Abstract
This paper describes the Professional Development for Secondary School Teachers and Educational Professionals (PDSTEP) into the STEM Field professional development grant activities. The PD-STEP in the STEM Field grant is a United
States Department of Agriculture National Institute of Food and Agriculture’s competitive grant awarded to Texas A&M
International University a South Texas regional university located along the US-Mexico border. A total of $150,000 dollars
were earmarked for the development and delivery of research-based instructional strategies via professional development
activities. These focused activities addressed five South Texas rural school districts’ secondary school mathematics, science
and career and technology teachers’ educational challenges related to teaching hands-on agriculture science lessons aligned
to Texas curriculum standards. In addition, these challenges included as goals specifically targeted to increase (1) female,
Hispanic, low-income, and/or migrant student participation in STEM-related classes, including Advanced Placement and
dual enrollment, and (2) students’ agricultural literacy skills through participation in both outreach/extension programs
outside of school, and (3) field-based experience opportunities for students in five participating rural schools. This proposed
project addresses Agriculture and Food Research Initiative (AFRI) Priority #6: Agriculture economics and rural
communities.
Keywords: mathematics, agriculture, science, rural

Introduction
The goal of the Professional Development for Secondary School Teachers and Educational Professionals STEP into
the STEM Field grant (PD-STEP) is to provide professional development for STEM teachers that identifies, utilizes,
replicates, and disseminates instructional research-based best practices in an agricultural real-world context. This paper
begins with a short review of the literature regarding rural schoolteachers’ challenges. To that end, a recent study concluded
that teachers in rural areas may lack resources that are more readily available to their suburban counterparts (Rhodes, 2014).
Previous studies have shown that rural schools face multiple obstacles in comparison to their urban and suburban
counterparts (Showalter, Hartman, Johnson, & Klein, 2019; Tine, 2017). Earlier studies have also emphasized that rural
school teachers face situations where they must instruct students in content areas in which they have minimal training, or
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capacity to teach... and this includes STEM fields (Harmon, 2001; Jimmerson, 2004; Levin, Manship, Chambers, Johnson, &
Blakenship, 2011). Therefore, the research question guiding this paper is:
How can authentic agriculture-science instructional research-based practices enhance rural teachers’ pedagogy and selfefficacy?
This paper is organized in three sections. First, the authors provide a brief description of the Professional Development
for Secondary School Teachers and Educational Professionals (PD-STEP) into the STEM Field grant. Second, the authors
introduce PD-STEP professional development activities that address the need to:
● Increase female, Hispanic, low-income, and/or migrant participation in STEM-related classes including Advanced
Placement and dual enrollment,
● Increase students’ agricultural literacy skills through participation in outreach and extension programs outside of
school, and
● Increase field-based experience opportunities for students in five participating rural schools.
Third, the authors present participating rural school districts’ demographics to compare 11th and 12th grade students’
participation in both the Advanced Placement /Dual Enrollment courses and the Texas Success Initiative mathematics and
science exams. Coburn, Penuel & Guel proposed that “long-term, mutualistic collaborations between practitioners and
researchers that are intentionally organized to investigate problems of practice and solutions for improving district outcomes”
established collaborative relationships between practitioners and researchers (2013, pg. 2).
Description of the PD-STEP into the STEM Field Grant
The National Institute of Food and Agriculture (NIFA), and U.S. Department of Agriculture (USDA) awarded Texas
A&M International University, the PD-STEP project to develop and provide a cadre of mathematics, science, and career and
technical education (CATE) rural high school teacher teams (STEM Field Teams), innovative agricultural-based hybrid
professional development opportunities. The PD-STEP Team proposed development of the STEM Field Model, a novel
professional development strategy that utilized research-based instructional strategies aligned to curriculum standards that
were purposefully centered on: (1) agricultural mathematics, science, and technology knowledge and skills; (2) specific needs
of English language learners; and (3) indigenous, authentic agricultural topics through field-based experiences first (Mireles,
2017). The PD-STEP STEM Field model objectives were to:
1) Recruit every year (2019-2023) about 15 energetic mathematics, science, and CATE teacher teams from rural high
schools which respectively included (Webb CISD, Zapata ISD, Jim Hogg ISD, Cotulla ISD, Freer ISD).
2) Host and facilitate a hybrid (1 week face-to-face and monthly online) innovative professional development
workshops for teacher students in mathematics, science, and career and technology education (CATE) teams from
selected rural high schools.
3) Develop a set of initial lesson plans for teachers attending faculty development consistent with the proposed STEM
Field Model purpose of Agriculture & Food Research Initiative (AFRI), as well as develop a web-based repository.
4) Train teacher candidates to develop their own set of lesson plans and help them connect them to agriculture through
enhanced hands -on activities in multidisciplinary areas related to STEM fields.
5) Use collected data to assess, refine, and expand the STEM Field Model in order to (a) replicate in other Texas rural
high schools, (b) contribute to the research base, and (c) disseminate findings in scholarly- and practitioner-based
conferences and journals.
PD-STEP Professional Development Activities
The authors developed PD-STEP professional development activities that addressed instructional research-based
practices related to agriculture science to enhance rural teachers’ pedagogy and self-efficacy. What follows is a description
of each activity and its accompanying impact(s) on participants:
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Increasing Female, Hispanic, Low-Income, and/or Migrant Participation in STEM-Related Classes
Including Advanced Placement and Dual Enrollment

The research-practice partnership goal in this activity was
to provide teacher-participants with background knowledge related
to learning in context and honoring the rural students’ funds of
knowledge and culture (Gonzalez, Moll, & Amanti, 2005).
Learning in context is often thought to afford the greatest pay-off
because: (a) it is more specific, i.e., literally applied to the
situation; and (b) it is social, thereby developing shared and
collective knowledge and commitments (Fullan, p. 417, 2002).
Fullan (2002) defined the concept of learning in context as
“opportunities to learn from others on-the-job, the daily fostering
of current and future leaders, the selective retention of good ideas
and best practices, the explicit monitoring of performance, and the
like” (p. 417). In addition, Vygotsky’s (1978) sociocultural theory
aligns with this model, as teacher-participants and their students learn from more knowledgeable others in an apprentice-style
environment. With such hands-on training, explicit instruction, development of lessons, and applicable experience, teacherparticipants will become better prepared to facilitate instruction. PD-STEP professional development activities were planned
and delivered by the PD-STEP project team. Teacher- participants collaborated in hands-on classroom instruction activities
that focused on the development of engaging math and science lessons targeting critical thinking skills such as analyzing,
evaluating, and explaining key elements within the PD-STEP into the STEM Field Lesson Plan Model.
Texas A&M Agrilife Extension Center representatives
presented the Learn, Grow, Eat, & Grow Project; a curriculum
overview session that included a cooking demonstration which
incorporated health-eating habits within core content subjects like
biology, chemistry, and algebra. Specifically, teacher-participants
discussed how to use mathematics lessons to explain the importance
of agricultural mathematics in rural communities. Subsequently,
participants discussed how to incorporate science lessons in the
teaching of day-to-day applications in the agricultural field via the
integration of students’ rural funds of knowledge (Moll, Amanti,
Neff, & Gonzalez, 1992). The following is one of the participant’s
comments regarding the integration of mathematics and science,
“The hands-on activities were engaging and practical. They are
ready to be used in the classroom. Integrating mathematics and
science into one lesson was also added and evident.”
In addition, teacher-participants shared innovative instructional methods with fellow teachers about the importance
of STEM and CATE teachers’ collaboration as evidenced in the following quote: “This professional development will enable
me to implement the LGEG lessons into my science classes and to work with the agriculture teacher to build a school
garden.”
Unfortunately, teacher-participants’ discussions about how much freedom teachers really have to deviate from
concepts they must teach, or pre-established curriculum, and the time-periods imposed upon them, greatly influenced the
depth to which the mathematics and science concepts were taught. Therefore, the PD-STEP project team focused on
reassuring teacher participants that the PD-STEP lessons were not meant to replace their current lessons, but to supplement
them. The following is a teacher-participant’s comment which is an example of a positive outlook to the grant’s professional
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development activities:
I do agree with the premise of creating and using a ‘hook’ for students to be lured into the STEM fields. That hook
is where PD-STEP comes in. How we design and use this ‘hook’ is what we are examining in the PD-STEP grant
program. Just as in fishing, we must ‘lure’ with certain ‘bait’ certain types of fish. Some fish are easy to catch and
others will not be interested in our ‘lure’. PD-STEP enables us to create and re-design these ‘lures’ so as to
increase the ‘fish’ (students) being caught, thus interested in STEM related fields.
Increasing Rural School Teachers’ Agriculture-Related Knowledge
The intent of this professional development activity was to
create opportunities for discussion between participating rural
school teachers and a local botanist who had previously
collaborated with the PD-STEP project team in the development of
an outreach and extension program. The botanist participating in
this project created a program where Texas-based organic
gardening techniques and demonstrations for growing vegetables,
fruits, herbs and other edible plants were the focus. Teacherparticipants observed and participated in the preparation of soil for
planting, and understand the importance of using environmentally
native plants and friendly soil-enrichment practices at the Laredo,
Texas Canseco House Garden.
In addition, the PD-STEP project team demonstrated math
and science-based lesson plan connections with the PD-STEP into
the STEM Field created lesson plan entitled Beautiful Patterns
based on the Fibonacci sequence (Appendix 1). An important
component of the Beautiful Patterns lesson was the inclusion of
teachers’ valuable input concerning the pros and cons of blending
specific content and agricultural concepts into an authentic lesson
within a rural setting. As one teacher participant stated:
I believe that all activities and lessons were helpful. I
enjoyed the pattern lesson and the Master gardening
lessons. These will further enhance our class
participation. However, most of all the lessons were
mainly pertaining to the average and gifted and talented
students, one modification for next year would be to
consider the special education students and how to involve
them in the lessons that were presented.
Increasing Field-Based Experience Opportunities
On July 19, 2018 – the teacher –participants and the PDSTEP project team travelled to the Texas –based East Foundation
San Antonio Viejo Ranch where the Education Director presented
the following extension and outreach science-based professional
development activities: (1) Conservation and Land Stewardship, (2)
Characteristics of Environments, (3) Structure/Function and
Survival, (4) Inherited Traits and Resemblance, (5) Ecosystems Biotic and Abiotic (6) Groundwater, Surface, Water, and
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Watersheds, and (7) Populations and Communities. Teacher-participants were treated with outdoor activities in a natural
habitat. A very interesting observation from the participants’ perspective was that although they all teach in rural school
settings, the natural setting in which the professional development was delivered was a revelation to nature and wildlife
located in their backyards. A teacher-participant shared the following thought: “It will enhance my teaching and practice by
placing more emphasis on the preservation of our land.” Furthermore, another teacher-participant shared her thoughts about
outdoor and field-based activities:
Outdoor activities are always good because they provide a change for students. Community involvement is
important and can help to create unity. Recently, I have been attending professional development that emphasizes
constructivist learning. PD-STEP professional development emphasizes student mathematics and science activities
that build knowledge through these outdoor activities to teach concepts to students.
PD-STEP into the STEM Field Partners’ Demographics
The research-practice partners’ demographic data are presented to provide the readers with a complete overview of
the rural school students’ mathematics and science skills gaps and/or academic challenges addressed by the Professional
Development for Secondary School Teachers and Educational Professionals (PD-STEP) into the STEM Field grant. This
included students’ access to classes and field-mathematics- and science-based opportunities (Table 1). The five-districts’
mean for Hispanic students was 95.4%, compared to the state average of 33.4%, and 95.4% economically challenged students
compared to the state average of 56.2% (TEA, 2015a-e).
Table 1
2015-2016 TAPR District Reports on 2014-2015 Data
Participating
Advanced
Advanced
Advanced
School Districts
Course /
Course / Dual
Course / Dual
Dual Credit
Credit
Credit
Completion
Completion
Completion
any subject
(11-12)
(11-12)
(11-12)
Mathematics
Science
Cotulla ISD
38.9%
4.9%
0

Texas Success
Initiative
College
Readiness
Mathematics
6.3%

College
Career
Readiness
Graduates
White
Students
100%

College
Career
Readiness
Graduates
Hispanic
Students
70.8%

Freer ISD

22.7%

20.3%

0

6.7%

100%

100%

Jim Hogg ISD

32.4%

24.5.%

25%

36.7%

N/A

64.4%

Webb County
Consolidated
ISD

31.4%

17.2%

0

5.9%

N/A

64.7%

25%

9.3%

N/A

72.8%

Zapata ISD
57%
53.2.%
Source (TEA, 2015-2016 a, b, c, d & e)

Via the comparison of 2014-2015 data utilized for the submission of the PD-STEP into the STEM Field’s
Professional Development grant (Mireles, 2017) and 2015-2016 districts’ data, the reader can observe that the five
participating school districts experience challenges in having 11th and 12th grade students successfully attempt and master
mathematics and science advanced course/dual credit exams (Table 1). According to individual interviews with rural school
districts’ representatives, South Texas rural districts’11th and 12th grade students’ faced challenges that included: (1) parental
education, (2) family income, (3) family structure, (4) number of siblings, and (5) parental educational expectations.
Furthermore, the majority of 11th and 12th rural school students were not connected to an agricultural-based economy but
rather experienced family pressure to join the booming Eagle Ford oil and gas boom that resulted in the creation of thousands
of jobs across South Texas. The Eagle Ford oil and gas-based economy began in 2008 and reached its maximum peak in
2012. It is projected to continue on a growth curve until 2022 (Tunstall, et al., 2013).
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As previously mentioned, this research addressed rural schools’ teachers’ challenges with the intent to fill the
literature gap on how instructional research-based practices related to agriculture science can enhance rural teachers’
pedagogy and self-efficacy? Relatedly, Texas Education Commissioner, Mike Morath, launched the Texas Rural Schools
Task Force (RSTF) in an effort to bring rural school superintendents together to discuss their districts’ educational and
geographical needs. The (RSTF) is composed of 20 Superintendents, one from each of the educational service centers across
Texas. On April 3, 2017, the RSTF released four Texas rural school districts priorities, which were to: (1) increase teacher
recruitment and retention efforts; (2) create pathways to implement House Bill 5/career and technology education; (3) build
capacity on technical education support; and 4) support rural school districts in their quest for access to grants and contracts
(TEA, 2017).
Additionally, participating rural school districts high schools reported challenges with 11th and 12th grade students in
their attempts to take/pass the Texas Success Initiative College Readiness (TSI) mathematics test (Table 2). School districts
cited reasons for low 11th and 12th grade students’ participation in the mathematics and science TSI exams included the fact
that: (a) enrollment in Algebra I is often the determining factor for taking the TSI mathematics exam; (b) students who score
a 4000 in the Algebra End of Course test do not take the TSI Math exam and are placed in a dual credit mathematics class in
11th and 12th years after taking Algebra II; and (c) community-based employment opportunities that require a four-year
college degree are lacking. Since “rural contexts shape students’ career expectations and, consequently, their postsecondary
education” decisions, researchers propose that rural school high school students aspire to obtain employment based on their
heuristic experiences (Schmitt-Wilson, Downey, & Beck, p. 1, 2018).
Table 2
2016-2017 TAPR District Reports (based on 2015-2016 data)
Participating
Advanced
Advanced
Advanced
School Districts
Course / Dual
Course / Dual
Course / Dual
Credit
Credit
Credit
Completion
Completion (11Completion
any subject
12)
(11-12)
(11-12)
Mathematics
Science
Cotulla ISD
64.2%
56.4%
14.4%

Texas Success
Initiative
College
Readiness
Mathematics
16.9%

College
Career
Readiness
Graduates
White
Students
N/A

College
Career
Readiness
Graduates
Hispanic
Students
60.3%

Freer ISD

21.1%

20.3%

0

25.6.%

N/A

97.5%

Jim Hogg ISD

50.0%

36%

5.5%

21.4%

N/A

83.6%

Webb County
Consolidated ISD

31.4%

17.2%

0

17.2%

N/A

51.9%

Zapata ISD

57.2%

59.2%
11.7%
9.8%
Source (TEA, 2016-2017 a, b, c, d &e

N/A

84.2%

Discussion and Summary
Data obtained from participating rural school district teachers from indicated that STEM teachers play multiple roles
within a school setting. Relatedly, sixty percent of the teacher- participants reported teaching 9th-12th grade students of
diverse academic needs. In spite of this, similar to Tine (2017) findings, PD-STEP into the STEM Field participants reported
that there were advantages to teaching in rural school settings such as the smaller student-to-teacher ratios, which customarily
equate to more time for teachers to differentiate instruction and build stronger connections with their students. Nevertheless,
some teachers reported that they had to prepare to teach multiple subjects with challenging course preparation times due to
lack of content-based academic knowledge teachers at their respective high schools. In essence, these challenges could
contribute to lower teacher attrition rates in rural school districts (Johnson & Zoellener, 2016; Tine, 2017). Preliminary data
collected via teacher-participants’ surveys correlated with rural school literature related to cross-certified teachers who were
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highly sought after by rural school districts. The literature also documented that this type of educator is often a challenge to
find, hire and retain (Johnson & Zoellener, 2016; Tine, 2017). Similar to Tine (2017) findings, the PD-STEP teacherparticipants did not report any frustration about their individual teaching assignments. Perhaps this was due to the fact that
working in a rural school setting (as compared to larger school districts) resulted in smaller class sizes which translated into a
reduction in paperwork and record keeping. Therefore, in comparison to their metroplex colleagues, rural educators enjoyed
more time to build instructional activities that were more meaningful and relevant for their students. Unfortunately, based on
the small size of the five rural Texas communities investigated for this study, school principals reported that a majority of
graduating seniors migrated to larger urban areas for more attractive employment options.
Additionally, in the same pre- professional development survey teacher-participants revealed what previous studies
have already concluded, one hundred percent of the PD-STEP participants concurred that they felt isolated (Showalter, et al.
2019). Therefore, the project team’s challenge is to develop strategies to meet the professional needs of rural schoolteachers
that address more networking and mentoring. This proposed project addressed the Agriculture and Food Research Initiative
(AFRI) Priority #6: Agriculture economics and rural communities. Moving forward, the PD-STEP project team will continue
to develop real-world settings instructional research-based practices related to agriculture science to enhance rural teachers’
pedagogy and self-efficacy strategies. Furthermore, in order to continue to investigate the expected outcomes, the PD-STEP
project team has to recognize the “role of geographic and community contexts in students’ outcomes” (Sheridan, Bovaird,
Glover, Garbacz, Witte, & Kwon, p.34, 2012).
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Appendix A
Title: Beautiful Patterns
Grade Level(s) and Focus Area
PD-STEP lessons should be appropriate to for 9th-12th grades focusing on Mathematics and Sciences.

The Texas Education Agency updated Career and Technology Essential Knowledge and Skills (CTE) to be implemented in
2017. Although, the PD-STEP into the STEM FIELD Project Team acknowledges that currently 16 (CTE) clusters exist in
TAC § 130 for the purposes of the PD-STEP Lessons the focus will be on the following clusters:
Please mark the appropriate CTE cluster for the lesson: if applicable:
__x_ Agriculture, Food and Natural Resources
__x_ Education and Training
____ Health Science
____ Human Services
Identify Subject Area- Select and add all that apply
Teachers, please note that you will have the flexibility to select appropriate subject specific TEKS for your respective lesson:
Algebra I

x

Geometry

x

AP Biology

x

AP Chemistry

AP Environmental Science

Content Objective(s):
1.
2.
3.
4.
5.

Students will apply mathematics to problems arising in everyday life, society, and the workplace at 80% accuracy
(TEKS § 111.42. Geometry).
Students will apply science and technology to problems arising in everyday life, society, and the workplace at 80%
accuracy (TEKS § 127.11 - §127.16).
Students will identify the interrelationships among the resources within the biology system at 80% accuracy (TEKS
§112.34. Biology).
Students will identify the interrelationships among the resources within Students will identify the interrelationships
among the resources within the Principles of Agriculture, Food, and Natural Resource at 80% accuracy (TEKS §
§130.2. Principles of Agriculture, Food, and Natural Resources)
Students will practice some math and science concepts in Nature.

Students Learning Outcomes (SLOs):
GEOMETRY: http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111c.html#111.41
§ The 9-12 teacher students will explain that different vegetable plants have different space requirements and that
these requirements are listed on the seed packet.
§ The 9-12 teacher students work with a partner to plant a garden, using given information on how far apart different
vegetables should be planted.
§ The 9-12 teacher students will identify different types of spirals.
§ The 9-12 teacher students will calculate Fibonacci sequence of their own plants.
§ The 9-12 teacher students will measure the golden ratio relative to a given row-length with at least 80% accuracy
when growing their own plants.
§ The 9-12 teacher students will relate the golden ratio to the Fibonacci sequence.
§ The 9-12 teacher students will model the growth pattern algebraically (linear, quadratic, exponential) with at least
80% accuracy when growing their own plants.
§ The 9-12 teacher students will calculate area and parameter of the different crops planted with at least 80% accuracy
when growing their own plants.
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Biology
http://ritter.tea.state.tx.us/rules/tac/chapter112/ch112c.html
• The 9-12 teacher students will identify the steps of the scientific method and create a poster for evaluation.
Principles of Agriculture, Food, and Natural Resources
http://ritter.tea.state.tx.us/rules/tac/chapter130/ch130a.html
• The 9-12 teacher students will measure and calculate human dimensions to prove or disprove a theory.
Purpose of Agriculture & Food Research Initiative (AFRI):
§ Sustainability
§ Mitigating impacts of biotic and abiotic constraints of food production
§ Animal Systems
Materials Needed:
List the materials needed to use in this lesson:
Mathematics Material:
§ Flower petals, Seed heads, Cauliflower florets, Pinecone, Apples.
§ Computer, internet connection, and projector to show videos.
§ Copies of related Worksheet for each group.
§ Sharpie pens, sparkly glues, plain colored tapes, ruler.
Science Material:
§ Meter stick
§ Measuring tape
§ Graph paper
§ Computer, internet connection, and projector to show videos.
§ Copies of related Worksheet for each group.
§ Sharpie pens, sparkly glues, plain colored tapes
Suggested List of Related Website Information for Teachers:
Da Vinci's Vitruvian Man of math - James Earle
https://www.youtube.com/watch?v=aMsaFP3kgqQ
Golden ratio explanation (cartoon)
https://www.youtube.com/watch?v=Wcq5x8rSMXo
Golden Ratio
https://www.mathsisfun.com/numbers/golden-ratio.html
MATHEMATICS
§ Doodling in Math: Spirals, Fibonacci, and Being a Plant [1 of 3]
§ http://thehelpfulartteacher.blogspot.com/2012/01/spiral.html
§ http://education.abc.net.au/home#!/media/1003900/spiral-away-with-fibonacci
SCIENCE
Engagement Activity:
§ Each PD-STEP lesson should start with an activity that stimulate students’ prior knowledge. This activity should last
approximately 5 minutes.
§ Teaching Nutrition (Tips for Healthy Living)
§ Take Charge of Your Health: A Guide for Teenagers
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Instructional Strategy
This lesson will follow the reciprocal teaching (Palinscar & Brown, 1984) instructional strategy. Students will observe their
teacher explain the student learning objectives and will work in small groups to implement the explicitly taught procedures
during each of the stages of preparing the materials for the garden, planting the seeds, taking care of the garden, collecting
data from the garden during this lesson, and interpreting the results.
Lesson: The lesson will expand over 4- 6 weeks.
1.

Vocabulary instruction- The following vocabulary words will be introduced, explained, and assessed during this lesson

Mathematic Vocabulary:
Algorithm: A step-by-step procedure for solving a problem.
Sequence: A set of elements ordered in a certain way.
Spirals: In mathematics, a spiral is a curve which emanates from a point, moving farther away as
it revolves around the point.
Fibonacci sequence: The Fibonacci Sequence is the series of numbers:
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, ...
The next number is found by adding up the two numbers before it. The 2 is found by adding the two numbers before it
(1+1). The 3 is found by adding the two numbers before it (1+2), And the 5 is (2+3), and so on!

Golden ratio: The golden ratio (symbol is the Greek letter "phi" φ) is a special number
approximately equal to 1.618… It appears many times in geometry, art, architecture and other
areas. https://www.mathsisfun.com/numbers/golden-ratio.html
Science Vocabulary:
Scientific Method- a method of procedure that has characterized natural science since the 17th century, consisting in
systematic observation, measurement, and experiment, and the formulation, testing, and modification of hypotheses.
Hypothesis-a supposition or proposed explanation made on the basis of limited evidence as a starting point for further
investigation.
Theory- a supposition or a system of ideas intended to explain something, especially one based on general principles
independent of the thing to be explained.
Vitruvius
2.

Reading- The teacher and students will read an excerpt from the Take Charge of your Health: A Guide for Teenagers
and Learning about Proteins http://kidshealth.org/en/kids/protein.html and discuss the importance of maintaining a
healthy diet and exercise.
Leonardo's vitruvian man-Reading passage
https://leonardodavinci.stanford.edu/submissions/clabaugh/history/leonardo.html

3.

Lab Experiment/Hands-on Activity- In this lesson the 9-12 teacher students will achive the following TEKS
objectives:

Mathematics:
Resources for Mathematics activities:
§ Doodling in Math: Spirals, Fibonacci, and Being a Plant [1 of 3]
http://static.discoveryeducation.com/feeds/www/media/pdf/Lesson-Plans/numbersnature.pdf
§ http://youtu.be/lOIP_Z_-0Hs
§ http://youtu.be/14-NdQwKz9w
§ http://thehelpfulartteacher.blogspot.com/2012/01/spiral.html

Mireles, Viloria, Al-Tameemi, & Uribe
© 2020 Texas Association of Teacher Educators

Volume 10, pp. 71-85
ISSN: 2166-0190 online

83

THE TEXAS FORUM OF TEACHER EDUCATION
Day/
Week
1

TEKS
Objective
5A
Geometry
1A-G

Science:
Day/W
eek
1

TEKS
Objective
2A-H
(Bio)
12A-B
(AFRI)

4.

Math Model Activities
The 9-12 teacher students will measure relative growth to specific length and width for
different plants and then will calculate the Golden ratio and relate that to Fibonacci
sequences.
The 9-12 teacher students may use any combination of vegetables that they choose, as
long as they follow the space requirements. Also, give students about 30 minutes to
discuss the design of their gardens with their partners. The 9-12 teacher students will
identify different types of spirals.
And the teacher will work with students to:
1. Prepare 10 beds, each bed with 5 feet width and 60 feet long. You will need both the
length and the width for a rectangular piece of land, so say it is 70 ft. x 60 ft.
2. Count the number of plants (or sellable units) that you have per square foot.
3. Calculate the Fibonacci sequence related to the plant.
4. Calculate the Golden ratio and will relate the Golden ratio to the Fibonacci sequence.
5. Calculate the area of the above given planted examples with at least 80% accuracy
when growing their own plants.
.
Science Model Activities

Resources

The student will identify the steps of the
scientific method by evaualting the Vitruvian
Man Theory.
The student will explore the legitimacy of
Vitruvius' theory by developing a hypothesis
regarding the
Vitruvian Man by measuring human
dimensions.

https://www.slideshare.net/stubeck/vitruvia
n-man-lab-for-freshmen-biology
https://www.alvordschools.org/site/handler
s/filedownload.ashx?moduleinstanceid=13
792&dataid=22600&FileName=Lab%20%20Vitruvian%20Man%20Hypothesis.pdf

Creative assignment
Teachers will provide students with a journal entry. Each student will be expected to observe and record their findings in
the journal. Suggested example of a journal here in this link:

5.

Scientific Classification:
Students should already have a good understanding of the science, art, and proportions.

6.

Application to Real World Problem:
Each lesson will identify key problems of local importance that impacts regional, national, global sustainability of
organic and urban agricultural systems. For at least 40% of the instructional time the teacher needs to conduct hands-on
laboratory and field investigations using safe, environmentally appropriate, and ethical practices.

Math Topic:
Fractals are patterns formed from chaotic equations and contain self-similar patterns of complexity increasing with
magnification. If you divide a fractal pattern into parts, you get a nearly identical reduced-size copy of the whole. Its pattern
is a natural representation of the Fibonacci or golden spiral, a logarithmic spiral where every quarter turn is farther from the
origin by a factor of phi, the golden ratio. This is a number roughly equal to 1.618 and is known to produce the most
aesthetically pleasing shapes by creating balanced proportions. The Golden Ratio ties in with the Fibonacci Sequence- that
phenomenon with this series of numbers: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34 ... where the next number is the sum of the previous
two numbers. The ratio of any two successive numbers in the sequence is approximately the Golden Ratio.
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Science Topic:
One of the most common uses of the Vitruvian Man today is as an image associated with health/fitness, and with the practice
of medicine. How can the body prove the theory?
In some cases, the Vitruvian Man is himself taken as an embodiment of health. How does it seem to be used more
symbolically, as an image of science, art, and proportion enmeshed to embody the practice of medicine?
7.

Differentiation of instruction:
Teachers need to accommodate and/or modify the lesson’s activities for ELL students by using instructional strategies
like peer-to-peer assistance, one-to-one guidance, visual aids, and enrichment activities. Gifted and Talented (GT)
students and/or students with exceptionalities will work on research, create presentations and might participate in district,
local, state and national conferences.

8.

Closure:
This lesson’s activities will be evaluated using two different culminating activities:
§ Garden Worksheet:
Prepare your worksheet where the given information are clearly listed, then continue calculating the required
information. Summarize and interpret your results.
crop
Type of spiral
Fibonacci Sequence
Golden ratio
Area
Units

Cauliflower

Sunflowers

Purple onion

Cabbage

§

Group Presentation on the Value of Plant Growth and Sustainability:

§

Students can make a comic strip of the Vitruvian Man Theory. Alternatively, they could make a story book by
taking three sheets of white computer papers, folding them in half, and stapling them in the seam.

.

Performance Assessment:
Students’ formal assessment can consist of grading rubrics, pre and post lesson assessments for the lessons (2-4) developed
by the PD-STEP team and the lesson appropriate deliverables:
1. Individual Daily Science Journal.
2. Group Work (Working with peers in planting and maintaining their garden space).
3. Individual Contribution to the Garden Worksheet and a Group Presentation on the Value of Plant Growth and
Sustainability.
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4.
5.

Students who fully participate in 100% of the activities listed above will be awarded full credit and those students
who do not will be evaluated according to their contributions.
Pre and Post Assessments for the selected PD-STEP lessons.

Follow-Up:
List any plans for follow-up here:
§ Discuss whether students found anything difficult when creating their garden designs.
§ Were they surprised by the amount of garden space some vegetables needed?
§ Field Base Experiences:
1. Vegetables need space between them so they can get all the water and food they need. Plants like pumpkin and
melons need plenty of space to spread out. Other plants, like radishes and onions, don’t need as much space.
Gardeners usually plant their vegetables in rows. That way they can walk between the plants and take care of
them.
2. Give students a few seed packets to pass around, showing them where the spacing information can be found.
3. Demonstrate the garden design by placing a broccoli on the grid and asking, “If I plant one head of broccoli
here, where can I plant the second one?”
4. Units and measurements used in farming are fairly unfamiliar to other areas. For example, it is hard to
understand the size of an acre because our minds are trained to visualize miles or kilometers. We can use
conversions to put an acre into perspective. There are 43,560 square feet in an acre. This is slightly smaller
than the size of a football field, without the end zones.
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