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Abstract
Turn Back Time grew from a small farm-based preschool in 2012 to a thriving, blended

program that takes advantage of nature’s ability to educate and heal. The farm caters to

individuals of all ages, especially the underprivileged, neurodivergent, and at-risk youth. These

populations often require an alternate learning environment to thrive academically. In order to

create an optimal lesson plan, I gathered data from interviewees experienced in the field of

education and visited educational sites that specialized in project-based, hands-on STEM

learning. Drawing upon my research, I designed the most effective ways to teach STEM to create

an engaging and accessible astronomy curriculum, while also keeping true to Turn Back Time’s

roots as a nature-centric educational initiative.
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Background Chapter

STEM fields, on average, are projected to grow 8% according to the U.S.

Bureau of Labor Statistics while only 20% of U.S. high school graduates are prepared

for college-level coursework, required for STEM majors, according to the American

Affairs Journal. Subjects relating to math and science are essential to creating an

educated student populace and the continuation of an innovative society in the modern

era. However, there are issues the education system runs into trying to engage students

in these fields. While this is the case for neurotypical students, it is even more so for

those who are underprivileged, with disabilities, and/or are at-risk in other aspects. In

this background chapter, I explain ‘STEM’, its role in education, and its importance.

Next, I introduce alternate methods to teach STEM such as project and nature-based

learning. Finally, I introduce Turn Back Time, its mission, and how it incorporates

alternate learning methods to create an educational  environment that is both accessible

and engaging.

1. STEM Education

STEM is an abbreviation for ‘science, technology, engineering, math’. STEM

education is valuable in the current era due to the major demand for knowledge and

experience in such subjects (Walker, Zhu, 2013). The term ‘STEM education’

represents the process of teaching and learning the fields of science, technology,

engineering, and mathematics, respectively. (Kennedy, 2014). STEM appears in many

levels of education, from elementary, and all the way to the collegiate level.  This

exemplifies its necessity within the education system. There are also adult programs



and STEM activities outside of a formal educational setting as well. STEM education

also integrates the components of the four main subjects. Furthermore, STEM

curriculums have been revamped in recent years to use more hands-on activities to

teach the subjects to its audience. In November of 2009, former President Obama

initiated the ‘Educate to Innovate’ campaign to improve STEM education nationwide to

propel American students back to the top of global math and science rankings. Aside

from the private initiatives, there was also a focus on expanding participation to those

who are less represented in STEM fields (women, underserved minorities). While this

campaign doesn’t address systematic reasons as to why the education system falls short,

it shows that there is a need to revamp education in the STEM fields. There has been a

surge of STEM labs, makerspaces, and other similar settings appearing throughout

educational spaces to encourage student and community engagement, but over the past

decade the USA has not improved in terms of STEM education.

The precedent for STEM curriculums is that they’re focused on pure

memorization and regurgitation, whether it be text book problems or sets of formulae.

This is considered a passive learning technique. To understand what this entails for the

broader student base, we can look to statistics. Research shows that, on average, the

United States lags behind in STEM-related sectors such as math and science. Data from

the Programme for International Student Assessment (PISA) shows that the USA ranks

38th and 24th, respectively (Desilver, 2017). Comparing that to other countries that

rank higher on such rankings, we already see a clear difference. Richards of USA Today

explains in her article that there has to be a strong upheaval in the traditional methods

of teaching math and science, specifically in America, and that higher-ranking countries



teach such subjects much more effectively. (Richards, 2020). According to the scholarly

journal article, “Math, Science, and Technology in the Early Grades”,  math learning

must be reconstructed in a manner that makes it more “effective and efficient—but also

creative and enjoyable” (Clements, 2016). Students are very much interested in STEM,

but there needs to be an educational precedent ensuring that they will be engaged and

kept interested in activities (Clements, 2016). There have been initiatives to do just that,

through the usage of makerspaces and other engaging settings. Due to maker culture

increasing in relevance in education, it is being used more commonly as a “vehicle for

cross-curricular, higher-order thinking” in classrooms. (Paganelli, et al, 2017).

Makerspaces are spaces in which people of all ages can engage with STEM and

STEAM-focused projects and interests in a free, creative setting. They offer an example

of an enjoyable approach to STEM learning. Within settings like those in makerspaces,

collaboration through hands-on activities is incentivised.

1.2 Why is STEM Education important?

STEM education and literacy is very important to academic and career success.

Learning skills, integrated with STEM curriculums, is essential to the technological,

intellectual, and societal progression of the modern world. Jobs, research, and academia

are all important settings that need high level, STEM-educated bodies. STEM skills are

also needed for those in the humanities as well. Scientific inquiry, problem-solving

techniques used in engineering, and math skills are important for those of all

disciplines.



2. What is Project-Based Learning?

Project-based learning is a method of educational growth that allows students to

solve challenging problems, using both their technical knowledge gained from the

classroom and their creativity. It encourages students to learn by doing, which means

that they can apply the concepts they’ve been taught and put them to use. Project-based

learning is a student-centered education method that focuses on solving real world

problems and complex questions for an elongated period. The problem-based learning

framework improves collaboration by enabling knowledge and information sharing and

discussion. Due to this, it is highly recommended for educational use (Almulla, 2020).

This application of this active learning style is more effective, as it leads to better

outcomes.

3. Turn Back Time (TBT)

“Let nature be your teacher” is the motto of the Turn Back Time initiative.

Based in Paxton, Massachusetts, Turn Back Time is a not for profit nature-based

education center. Turn Back Time holds all its operations and activities on a farm of the

same name. They have learning spaces both indoor and outdoor, and conduct various

educational and therapeutic programs.  Turn Back Time also serves underprivileged and

neurodivergent youth, and other groups which don’t have as many STEM learning

opportunities as those more privileged than they. The activities Turn Back Time

provides also are designed to be therapeutic, vehicles in healing processes, and to assist

with self-esteem building.



Turn Back Time’s activities can be interpreted as a combination of project-based

learning and nature-based learning. They are conducted outdoors, but also put to use

their indoor learning spaces for educational lectures. The purpose is to teach

STEM-related subjects and encourage educational play in an environmental setting.

This makes Turn Back Time a setting rich with potential for STEM engagement and

learning. Nature-based learning and activities are also extremely appealing and

engaging for school-aged children. In Issue 3 of the  “International Research in

Geographical and Environmental Education” journal, researchers explain that young

students are engaged with activities that take place outside the classroom and in a

“natural environment” (Ballantyne, 2002).

Turn Back Time wants to grow its efforts. Moreover, astronomy is a subject that

has been neglected in the education system. It used to be a required subject back in the

18th century, but in the present era, only 4% of high school students take an astronomy

class in school (Krumenaker, 2009). Teachers of astronomy in the K-12 grades are often

faced with the prioritization of other science classes (chemistry, physics, biology) and

the loss of funding and low student enrollment for astronomy-related courses

(Krumenaker, 2009). Astronomy is a subject of scientific, societal, pedagogical, and

cultural significance (Percy, 2016). Therefore, for my project I worked with Turn Back

Time to develop an astronomy-based curriculum that can be offered to 8-12 year-olds

on the farm.



Methods

Goal

The goal of this project was to design a curriculum and an effective learning experience

centered around astronomy and space environments for third to eighth grade students at Turn

Back Time. I developed five objectives in furtherance of this goal. Below, I describe my

objectives in more detail.

Objective 1. Identify Learning Outcomes and Target Audience

To identify the needs of students at Turn Back Time, I first set up an interview with the

sponsor to learn their expectations. The sponsor for this project was Professor Elisabeth

Stoddard. Professor Stoddard is the Co-Director of the Environmental & Sustainability Studies at

WPI, and Director of the Farm Stay WPI Project Center. I drafted interview questions about the

sponsor’s teaching, curriculum, and learning outcome expectations. A set of interview questions

for Professor Stoddard are listed in Appendix A. Furthermore, as per WPI’s Institutional Review

Board Protocol, prior to each interview, I obtained the interviewees’ informed consent. The

informed consent details are listed in Appendix B. I also interviewed Katie Baker, educator and

coordinator at the Turn Back Time farm and Lisa Burris, Executive Director of the Turn Back

Time farm. The questions intended for Lisa Burris are included in Appendix C and those for

Katie Baker are included in Appendix A. Through their insight, I gained more insight on the

intricacies of Turn Back Time’s educational methods, the process in which the farm developed

activities, what made them successful, and the learning standards they reference.



Objective 2. Explore the Most Effective Activities and Methods for Engaging
the Target Audience in STEM

Ahead of building the curriculum that would be best suited for the students at Turn Back

Time, I explored teaching styles that could effectively meet Turn Back Time’s learning outcomes

and the needs of the target audience identified in Objective 1.

To begin, I conducted an online search for scholarly articles and online studies about the

best teaching methods, activities, and manners in which students can best learn and understand

STEM concepts. Through scholarly databases, Jstor and Scopus for example, provided through

the Gordon Library at WPI, I searched through the studies using terms such as ‘STEM learning’,

‘STEM education’, and ‘Problem-based learning’ to refine my results.

I also performed a content analysis of the existing Turn Back Time mission statement and

information available on their website. Content analysis is a research method used for the

analysis of content derived from a slew of data. Specific portions of such data are organized in a

manner in which more accurate, honed analysis can be made. It can be both qualitative and

qualitative as well, which makes it a very versatile research method. As such, I studied the Turn

Back Time mission statement using those specific research techniques and made it the

framework of my curriculum. This also built upon the information I collected in Objective 1 so I

could build a curriculum that reflects the essential elements of the Turn Back Time mission

statement and the needs of the sponsor.

In order to learn from experienced educators, I interviewed two STEM education

program leaders and instructors. Specifically, I interviewed Donna Lynn Taylor, an educator at

the STEM Education Center. She has experience in the fields of teaching, earth science, and

astronomy. At her job at the STEM Education center, she advises teachers on how to best teach



STEM subjects. Due to her experience, I asked her about the use of project and problem-based

learning, and the most effective methods to engage students in STEM. The question set I used for

Ms. Taylor is under Appendix D. Following Ms. Taylor, I constructed an email interview with

the Director of STEAM Education at the Acton Discovery Museum, Elizabeth Leahey. With my

interview with her, I focused on accessibility, as well as the development and evaluative process

of new exhibits at the museum. The question set I used for Ms. Leahey is under Appendix E.

In addition to the interviews, I traveled to two STEM-focused museums that utilize

hands-on methods to teach STEM, the EcoTarium in Worcester MA and the Acton Discovery

Museum in Acton MA. While there, I directly observed how the exhibits operate and which

teaching methods the exhibit employs to teach the subject it represents. Direct observation is one

of the oldest and most common research methods used in scientific data collection. It is effective

in studying modes of education and research centered around childhood development (Jersild,

1939). For the direct observation of the EcoTarium and the Acton Discovery Museum, I

referenced the directives presented in “Collecting Evaluation Data: Direct Observation” by Ellen

Taylor-Powell and Sara Steele (1996). This article provided me with many tools and a solid

understanding of direct observation and how to best apply it as a research method. For the direct

observation portion, I organized the information I gathered from the site visits in Table 1 (shown

below).



Criteria Describe if/how exhibit meets the
criteria

Hands-on? How does it engage the
child?

What senses does it engage?

Self-Directed or teacher guidance?

Collaborative? Does it require that
there be a second party? If so, how does
it make students work together?

Active or Passive?

If outdoors, how does it use the nature
element to its advantage?

Table 1 - Table for Observations at Site Visit

I used Table 1 above to study the individual exhibits offered at both the Acton Discovery

Museum and EcoTarium. For each exhibit listed, I recorded if it is hands-on, what senses it

engages, whether it is self-directed or teacher-guided, if it requires collaboration, if it’s an

example of active or passive learning, and how it utilizes nature, if outside. I used these criteria

because they emerged from my interview data as important for STEM education to the target

population. By sorting my observations into the table shown above, I could effectively

understand the educational aspects of the EcoTarium and the Acton Discovery Museum.  This

was important to the final project because I was able to then reference this data when designing

the astronomy curriculum.



Objective 3. Analyze Data

I populated the following table with information from the interviews conducted

Objectives 1 and 2. Once populated, I was more easily able to analyze the data I collected. I

understood the key components of my research and referenced the data during the curriculum’s

creation. I developed two tables: one for interview data, and the other comparing the EcoTarium

and the Acton Discovery Museum.

Ms. Baker Professor
Stoddard

Ms. Taylor Ms. Burris Ms. Leahey

Profession/Ed
ucational
Experience

Project-Based
Learning

Accessibility

Healing

Emergent
Curriculum

Learning in
Nature

Table 2: Comparative Table for Interview Data

In the table above, I organized the similarities and differences between interviewee

answers in order to develop my findings. On the x-axis, I grouped my interviews, and on the

y-axis, I grouped the most common themes. Within the empty boxes, I placed their prominent



talking points corresponding to each section.  This allowed me to see how their answers

compared and how each interviewee interpreted each question.

Table 3: Venn Diagram to Organize Site Data

To more simply view the observations from each of the site visits, I reconstructed the data

from the EcoTarium and the Discovery Museum into a simple Venn Diagram. Similarly to Table

2, this organization helped me in understanding both the similarities and differences between the

two sites. The visual organization provided by the Venn Diagram allowed for the data to flow

more logically than in the table. Using this method, I could understand more of how to engage

Turn Back Time’s target audience and, more confidently, start writing my curriculum.

Objective 4. Develop Draft Curriculum and Seek Feedback from Sponsor

Next, I began developing the curriculum using the information I’d collected in the

previous objectives. I aimed to include each aspect of the Turn Back Time farm, which the



educators use in their own lessons. In the process of developing activities, I researched

astronomy activities online, brainstormed activities with Ms. Taylor and Professors Dehner, and

wrote out a variety of concepts. I shared those concepts and received feedback. From there, I

expanded upon the concepts that were most positively received. During that process, I referenced

the tables from above and my online resources. I created the draft using an online editing

program called Canva and submitted it to my advisor and sponsor for revisions.

Objective 5. Finalize and Present Curriculum

The last objective is to finalize and present the astronomy curriculum to the educators and

fellow IQP teams at the Turn Back Time farm. My sponsor and advisor made adjustments to the

curriculum and gave me suggestions on what to edit. Using the feedback I received on the draft

curriculum. This would include finalizing instructions, writing out more specific learning

objectives, and refining information sheets for educators. This process would repeat several

times before I could officially submit the curriculum. The final presentation consisted of an

explanation of the curriculum to the sponsors, a demonstration of each of the lesson plans, and an

overview of the development process. This curriculum, after having been finalized and reviewed

by the sponsor, includes all the necessary revisions. The implementation of the curriculum would

be conducted after the official project term ends, but I intend to keep in touch with the Turn Back

Time farm to offer anything they may require.



Findings

Over the course of this project, I completed two site visits and five interviews. Using this

information, I created three activities focused on astronomy and space environments. In this

findings chapter, I discuss my results in two separate parts. First, I explain the educational

framework, which tells of the teaching and education methods I found work best with the Turn

Back Time demographic. To follow that, Ithen explain the development of the astronomy

curriculum. In this chapter, I also show the data that I’d gathered through this research process.

Through those visual methods, I understood hands-on learning methods, as presented at the

EcoTarium and the Acton Discovery Museum, the intricacies of engaging students through

project based learning, and the importance of nature in an educational setting. I also explain how

I utilized the data to inform the development of the curriculum.

I. Educational Framework

Every suitable curriculum requires a framework, meaning a slew of foundational

concepts and ideas that lessons will be tailored around. In this section, I explain how I

understood the expected learning objectives through my interviews and site visits. As shown in

my background chapter of this report, active learning strategies, such as project, problem, and

play-based learning, are more effective ways to engage students with STEM subjects. As

indicated earlier, students require more engaging manners to introduce them to STEM. This was

confirmed by all five interviewees and was visible at both the Ecotarium and the Acton

Discovery Museum.

Ms. Baker Professor
Stoddard

Ms. Taylor Ms. Burris Ms. Leahey



Profession/Ed
ucational
Experience

Educator at Turn
Back Time

Director of
Farm Stay
Project Center,
Professor at
WPI

Assistant
Director of
Professional
Development at
the STEM
Education center

Executive
Director and
Educator at TBT

Director of
STEAM
Education at the
Discovery
Museum in
Acton, MA

Project-Based
Learning

“The farm is a
great source for
project-based
learning,
identifying
problems, and
identifying
solutions.”

Tells of a project
in which WPI
students
identified water
sources to create
a rainwater
catching system
at farm

Recommends
utilizing the
makerspace for
project-based
learning.

Present
phenomena and
allow students
to create
questions based
upon that. Have
them figure out
how to answer
those questions.
This would be
through
research,
investigations,
visuals, and
creating models.

Ms. Burris
recommends
alternative
teaching
methods and the
utilization of
play-based
learning, even
for older
students. She
wants to keep
away from
sit-down
lectures, and not
have students sit
for more than 30
minutes.

Allow them to
bring fantasy
into it, this
keeps them
engaged

“We find that
the activities
that engage our
visitors the most
are hands-on
and open-ended.
By open-ended,
we mean that
there are
multiple ways a
visitor could
engage in the
program or
exhibit.”

Accessibility At the farm,
Students have
the opportunity
to learn at their
own speed.
They can
develop in the
way that suits
them best.

The farm is
about
celebrating
differences and
changing
approaches to
learning

X Turn Back Time
is an inclusion
program. make
no assumptions
about children
that come to the
farm.

As described in
the Experience
Design
Document, she
outlined the
many ways the
Acton
Discovery
Museum
incorporates
accessibility in
their exhibits.

Healing Turn Back Time
is about healing
and learning
from nature

Outdoors
reduces stress,
and has many
benefits for
one’s mental
and physical
health

Understanding
the world
around them can
instill a love for
learning in
students.

Teach them to
be good

X X



problem solvers
because
Knowing how to
solve problems,
when faced with
difficulty, leads
to much less
stress.

Emergent
Curriculum

Emergent
Curriculum is
hands off (as in,
with less direct
involvement by
a teacher)
learning, where
the students’
interest emerge
naturally.

X Do not teach just
one way and
keep activities
student-centered
and let them
guide their own
learning.

Emergent
curriculum:
taking the
interests of the
child and
teaching to that.

X

Learning in
nature

Turn Back Time
offers a way for
kids to be
present in
nature. It is
important to
foster
connection to
nature, but not
everyone has
that opportunity

Outdoors
reduces stress.

Learning can
feel more
creative, fun,
enjoyable
without
stress/pressure

X Everything
would ideally be
done outside.

X

Table 4: Completed Comparative Table for Interview Data

Finding 1: In order to increase engagement, students “should be presented with a problem

or certain phenomenon” that they are working on. Donna Lynn Taylor, the Assistant Director of

Professional Development at the STEM Education Center says that students “should be

presented with a problem or a certain phenomenon” and explains the benefits of using

problem/project based learning to teach STEM. Project based learning was consistently lauded

by my other interviewees. Ms. Baker, an educator at Turn Back Time, responds positively to

project-based learning. She says as follows: “The farm is a great source for project-based

learning, identifying problems, and identifying solutions.” Professor Stoddard, the Director of



the Farm Stay Project Center, in my interview with her, described elements of the farm that

incentivise project based learning. For example, she described the makerspace on the farm, its

potential for hands-on learning, and how education in a nature-focused environment produces

beneficial results in students. Speaking of those benefits, Professor Stoddard explained that

because the outdoors allow for a stress-free environment, learning can feel more fruitful for the

students. Professor Stoddard’s suggestions influenced me to utilize the Geodome in the

curriculum. However, it was not just in the interviews. After visiting the EcoTarium and the

Acton Discovery Museum, I observed how they mainly utilize interactiveness in their exhibits to

present STEM concepts to youth.

Finding 2: Numerous interviewees also noted the importance of students guiding their

own learning. Ms. Taylor emphasized the importance of students guiding their own learning, in

which they would create their own models and simulations based upon their own observations.

To support this finding with more evidence, at both site visits, I observed how they allowed for

students to learn on their own accord. At both the EcoTarium and the Acton Discovery Museum,

they have exhibits at which they motivate children to experiment on their own. For example, the

EcoTarium hosts an exhibit that explains very basic principles in fluid dynamics. It shows that

wind and water move in currents, and challenges children to prove this concept by experimenting

with simple objects such as paper plates and cups. This is only one exhibit out of many.

EcoTarium also has various problem solving stations that challenge children to create their own

creative solutions to solve the problems presented. These include exhibits named: “Vibration

Lab”, “Train Tracking”, “City Hot Zones”, and “Maps and Models”. Each of these example

exhibits showcase different concepts and problems, but require children to use a skill set not

often utilized in the school setting. The Acton Discovery Museum shares a similar approach. For



each of the sections in the museum, they provide an “Exploration Learning Guide”. Within that

pamphlet, the educators encourage the children to engage with the activities and what to look for

in the process of doing so. They provide questions, but expect the children to understand the

solutions for themselves through their own exploration. They also encourage children to reflect

on what they learned during their time manipulating the given apparatus and experimental

process. Rather than regurgitation and testing, children are presented with problems facing the

real world that require critical thinking to solve. They are not rewarded with a meaningless,

vague grade for their work, but a sense of organic satisfaction. A quote from Ms. Taylor provides

useful context for this concept, “giving them (students) a purpose for learning something is really

powerful.” The question I had asked was: how can learning be a therapeutic experience? In

addition to that quote, Ms. Taylor expands on the importance of giving students a meaningful

educational experience through the implementation of student-centered learning. Being a NASA

Network of Educator Astronaut Teacher with over fifteen years of teaching experience, Ms.

Taylor’s aforementioned insights were essential in helping me shape the educational framework

of my curriculum.

Finding 3: Play is an important aspect of the learning experience, both for younger and

older learners. I had an interview with Lisa Burris, an educator and the Executive Director at

Turn Back Time where she assisted me with shaping the learning outcomes and her ideals for a

curriculum at Turn Back Time. About the use of alternate learning methods, Ms. Burris said to

keep activities play-based even for the older students. After reflecting on this insight, I was

reminded of how the Acton Discovery Museum engages both children and adults in their

play-based “Bessie’s House” exhibits. Adults are encouraged to be active participants, because

they play their own role in the learning process. In my observations during the site visits, both



the EcoTarium and the Acton Discovery Museum utilize problem, project, and play-based

learning in their exhibits. As shown in the table below, I summarize the similarities and

differences between the EcoTarium and the Discovery Museum’s approaches to teaching STEM

subjects to children.

Table 5: Completed Venn Diagram for Site Visit Data

They both have indoor and outdoor exhibits, an outdoor playspace, exhibits that utilize

problem-based learning, hands-on engagement, and experimental education. The EcoTarium has

animal exhibits, a planetarium, and has more exhibits relating to earth science, ecology, and

geology. On the other hand, the Acton Discovery Museum has sections dedicated to pretend play,

and more playground areas, both inside and outside. To elaborate more on the pretend play at the

Acton Discovery Museum, it has three exhibits that cater to the fantasy aspect of learning:

“Bessie’s House: Diner”, “Bessie’s House: Train Room”, and “Bessie’s House: Ship Room”. On

the Acton Discovery Museum website, they explain the importance of pretend play when it

comes to learning and the development of project solving skills. “Pretend play helps children



process the world in their own way, develop their large and small muscles, and practice

important thinking skills” (Discovery Museum, 2020).

As I examined those areas, I was reminded of Ms. Burris’ aforementioned emphasis on

play and the importance of the fantasy element. Each of those exhibits require children to apply

STEM skills to complete certain tasks. Whether the purpose was to use math to calculate the cost

of a bill at the mini cashier, or building a model of a railroad, children practice valuable skills,

both social and STEM related, through pretend-play and immersive activities. After the site

visits, I further understood the direction I wanted to take my curriculum.

II. Curriculum Considerations

Finding 4: The MA STEM standards are important to follow when creating the

curriculum. Developed by the Massachusetts Department of Education, the 2016 Science and

Technology Engineering Framework outlines STEM standards for schools in the

Commonwealth. I mention this because all of my interviewees said that MA STEM standards are

useful and should be followed. For example, both Ms. Baker and Ms. Burris advised that I

consult them for reference and that they follow them while creating new activities at Turn Back

Time. As such, I made sure to include which MA STEM standards each activity fulfills in my

Turn Back Time astronomy curriculum handout.

Finding 5: After speaking to the Turn Back Time educators, I understood the significance

of the emergent curriculum. In my interview with Ms. Baker, she describes Turn Back Time’s

lessons as being based on an “emergent curriculum” approach. When I asked Ms. Burris a

question about that very subject, she described an emergent curriculum as:“taking the interests of

the child and teaching to them.” She also says it incentivises scaffolding, which is the principle

that older students will teach the younger students. In sum, they learn from each other, and



further their understanding of the concepts together, in a different sort of collaborative

experience. This is very similar to Ms. Taylor’s model of teaching, in which she encourages

students to explore their own questions, and build upon their own knowledge themselves. As

such, in my curriculum, I developed the activities in such a way that they build on each other.

For example, Students learn about the sun, its movements in the sky in the sundial activity, then

learn about the climate and seasons in the garden activity, and, finally, students learn about

constellations (which are groups of stars) in the constellation activity. As mentioned above, these

activities also fit in with the MA standards.

Finding 6. As well as an effective setting for STEM learning, the Turn Back Time farm

intends to work as a vehicle in the therapeutic process. Turn Back Time caters to at-risk

individuals, as in, those who are neurodivergent or underprivileged. As such, my curriculum

seeks to incorporate the healing aspect of the TBT farm experience with the interactive

educational elements of project, problem, and play-based learning. Ms. Baker, in her answers,

explains how nature is not only a vehicle for learning, but healing as well. Ms. Taylor explains

that students need to learn with a “purpose”, and that giving them that purpose when educating

them, can have impactful effects. She also reiterates the important life skills problem based

learning can support as well and that understanding the world around them can provide them

both a love for learning, and a love for life. When students are adequately taught how to solve

problems, she says, they can go through life with less stress and worry because they know how

to handle themselves. In my curriculum, I keep in mind the nature aspect of the farm, as well as

the importance of developing problem-solving skills.

Turn Back Time’s motto is as follows: ‘Let nature be your teacher’, and as such, the Turn

Back Time farm is a center for nature based education. All interviewees who work on or in



tandem with the TBT farm agree that nature engagement is one of the most essential aspects of

TBT lessons. “TBT offers a way for kids to be present in nature,” says Ms. Baker. Ms. Baker

also goes on to explain that TBT offers children to have an experience with nature when they

otherwise cannot due to their living situation. Professor Stoddard of the WPI Farm Stay Project

Center explains that being outdoors reduces stress and allows for learning to be more fruitful and

effective. When designing the elements of my curriculum, I kept these aspects of the Turn Back

Time farm in mind. In accordance with Ms. Burris’ request that students shouldn’t sit down for

longer than 30 minutes and that activities should focus on the outdoor aspect, I created lesson

plans that allowed for the students to learn concepts in astronomy through nature.

The student-centered, accessible elements are an integral aspect of my curriculum.

Interviewees (all experienced educators) were asked: How would you go about teaching STEM

to a younger audience? As such, they are in agreement that when activities provide a

multi-sensory experience and when students learn on their own, they are more likely to engage

with the material. In the interviews with Ms. Baker and Professor Stoddard explain that the TBT

farm is a place where difference is celebrated and learning is revamped in a way to cater to

everyone, especially non-traditional learners. Ms. Baker says “they are allowed to develop and

learn in a way that suits them (the student) best. Ms. Leahey of the Acton Discovery Museum, in

my interview with her, outlines the necessary accessibility aspects that they take into account

when designing programs and spaces. She mentions having tables with adjustable height, and

chairs with varying heights around the museum. Following these examples, I committed myself

to make the curriculum as accessible as I could. For example, I created an alternative for each

activity if certain students have sensory troubles, specifically touch sensitivity. Furthermore, I

created activities that were able to be worked on independently if a student preferred to do so.  I



also made my activities low-stress and relaxing without unintentionally taking away from the

educational aspects.

III. Curriculum Development

In this section of the findings chapter, I introduce my curriculum and give a brief

overview of each activity I developed. I created three activities for the curriculum and

corresponding information sheets for each. The design for each of the activities was heavily

influenced by my findings above, and I will explain how in the following explanations.

The purpose of my first activity, named “Sundial”, is for students to create their own

sundials using nature materials they gathered from around the farm. From there, they’d use the

sundial to tell time based upon where the sun is at any given point during the day. Corresponding

to the activity, the students learn why the sun moves across the sky and what the sun is. I use the

nature component from Finding 7 with a hint of play-based learning, as described in Finding 3.

While outside, students would be able to pretend they are the ancient astronomers of the past and

study space based upon simple observations.

The second activity, “Garden” is again based in nature oriented learning to teach

astronomy concepts. The purpose of the activity is for students to choose from a group of seeds,

and plant them according to the season. They will be encouraged to do research on their chosen

seed and choose accordingly. Students will then have their own journals to record the growth.

This activity focuses on how seasons work and how they affect climate.

“Constellations” is the third activity. There, students will utilize the makerspace in the

Turn Back Time geodome and create 3D printed models of constellations. Every student will be

assigned one of the major constellations, and from there, they will research the constellation,

where it is in the sky, model it in Tinkercad, and then print it. If the Tinkercad is not operational,



then the students will use nature materials. At the end of the activity, the students will work

together to place the constellations accordingly, creating a map of the sky, before explaining their

research.

Recommendations

1. Pilot Curriculum

My first recommendation to the Turn Back Time farm would be to pilot the

curriculum. Due to time constraints, I was not able to conduct testing. As such, it

would be fitting if the activities were tested with Turn Back Time youth in order

to get their feedback as well. I recommend piloting the curriculum, observing how

students engage with the activities, and inquiring about their opinions. As Ms.

Burris mentioned before, I want to keep the activities student centered and able to

be reworked, if needed, based upon student sentiment.

2. Additional Assistance with Curriculum

I want to keep in touch with the Turn Back Time farm even after this project term.

I am willing to create more activities for the curriculum and assist with the

implementation process as needed. There were many ideas of mine that I wasn’t

able to include in the final deliverable due to time constraints. So, I would like the

opportunity to expand upon them and hopefully elaborate on the curriculum.



Conclusion

This project was about creating a curriculum based upon the Turn Back Time learning

standards and educational practices. I incorporated elements and relevant insights given to me by

my interviewees and site visits. I created a curriculum with three highly detailed activities that

touched upon the official Massachusetts STEM educational standards as well as the findings

from my research. From there, I combined Turn Back Time’s nature-based setting and astronomy

concepts to create an engaging curriculum rich with potential for innovative, hands-on learning.

Through this experience, young students will have the opportunity to engage with STEM

concepts through astronomy and experiential, project-based education.

References

Jersild, A. T., & Meigs, M. F. (1939). Chapter V: Direct Observation as a Research Method. Review of

Educational Research, 9(5), 472–482. https://doi.org/10.3102/00346543009005472

Taylor-Powell, E., & Steele, S. (1996). Collecting evaluation data: Direct observation. Program

Development and Evaluation. Wisconsin: University of Wisconsin-Extension, 1-7.

Clements, D. H., & Sarama, J. (2016). Math, Science, and Technology in the Early Grades.

The Future of Children, 26(2), 75–94. http://www.jstor.org/stable/43940582

Almulla, M. A. (2020). The Effectiveness of the Project-Based Learning (PBL) Approach

as a Way to Engage Students in Learning. SAGE Open.

https://doi.org/10.1177/2158244020938702

https://doi.org/10.3102/00346543009005472
http://www.jstor.org/stable/43940582
https://doi.org/10.1177/2158244020938702


Kennedy, T. J., & Odell, M. R. (2014). Engaging students in STEM education. Science

Education International, 25(3), 246-258.

Roy Ballantyne & Jan Packer (2002) Nature-based Excursions: School Students' Perceptions of

Learning in Natural Environments, International Research in Geographical and Environmental Education,

11:3, 218-236, DOI: 10.1080/10382040208667488

Percy, J. (2005). Why Astronomy is Useful and Should be Included in the School Curriculum.

Highlights of Astronomy, 13, 1020-1021. doi:10.1017/S1539299600018001

Krumenaker, L. (2009). No Child Left Behind and High School Astronomy. Science Educator, 18(2),

39-48.

Solomon, G. (2003). Project-based learning: A primer. Technology and learning-dayton-, 23(6),

20-20.

Krajcik, J. S., & Blumenfeld, P. C. (2006). Project-based learning (pp. 317-34). Na.

Richards, E. (2020, February 29). Math scores stink in America. other countries teach it differently -

and see higher achievement. USA Today.

https://www.usatoday.com/story/news/education/2020/02/28/math-scores-high-school-lessons-freakonomi

cs-pisa-algebra-geometry/4835742002/

https://doi.org/10.1080/10382040208667488


Andrea Paganelli, Jennifer D. Cribbs, Xiaoxia ‘Silvie’ Huang, Nielsen Pereira, Jeanine Huss, Wanda

Chandler & Anthony Paganelli (2017) The makerspace experience and teacher professional development,

Professional Development in Education, 43:2, 232-235, DOI: 10.1080/19415257.2016.1166448

DeSilver, D. (2020, August 21). U.S. students' academic achievement still lags that of their peers in

many other countries. Pew Research Center.

https://www.pewresearch.org/fact-tank/2017/02/15/u-s-students-internationally-math-science/

Walker, I., & Zhu, Y. (2013). The benefit of STEM skills to individuals, society, and the economy.

Report to Royal Society’s Vision for Science and Mathematics, 1-38.

Herman, A., Herman, A. (2019, February 20). America's STEM crisis threatens our national

security. American Affairs Journal.

https://americanaffairsjournal.org/2019/02/americas-stem-crisis-threatens-our-national-security/

U.S. Bureau of Labor Statistics. Employment projections for STEM occupations. U.S. Bureau of

Labor Statistics.

https://www.bls.gov/opub/btn/volume-10/why-computer-occupations-are-behind-strong-stem-employmen

t-growth.htm#:~:text=The%20U.S.%20Bureau%20of%20Labor,3.7%20percent%20for%20all%20occupa

tions.

https://doi.org/10.1080/19415257.2016.1166448


Appendices

Appendix A

● Please tell me about your affiliation with the Farm Stay Project Center and

Turn Back Time.

● What do you find most exciting about the farm? 

● Tell me about how the farm is an effective learning environment?

● How would you go about teaching STEM subjects to a younger audience?

● Do you have a sense of any specific learning outcomes I should focus on

when I develop this curriculum?

● Do you feel a project/problem-based learning approach can work on the farm?

● How have past curriculums been integrated into the farm setting and farm

activities?

● Have you seen any examples of curriculums that you found particularly

successful that I should look at?

● Is there anyone else you recommend that I speak with?

Appendix B

My name is Watts Herideen-Woodruff and I am a student at Worcester Polytechnic

Institute (WPI) working with Professor Elisabeth Stoddard and Professor Corey Dehner on a

project to develop an astronomy curriculum for students grades third to eighth at Turn Back

Time (TBT). TBT serves underprivileged and neurodiverse youth and combines education and

therapeutic processes. I am grateful for your participation. Please know, however your

participation in this project is voluntary and you may withdraw from it at any time. There is no



risk associated with your involvement. If you are comfortable, I would like to include your name

and employment in my final report, but will keep your identity confidential if you prefer. Please

let me know what you are most comfortable with.

Appendix C

● How would you go about teaching STEM subjects to a younger audience?

● Project based learning, collaboration, and outdoor time are all aspects I want

to incorporate into my curriculum. But, what should I prioritize?

● From your observations, which activities have engaged students the most in

STEM subjects?

● How do you think learning can be a therapeutic experience?

● How do you try to get students fascinated with a subject, more specifically,

how should I teach astronomy to make it as exciting as I can?

● What do you think of the activities I have developed so far?

● Furthermore, do you have any suggestions for how I can incorporate

astronomy subjects with nature?

Appendix D

● How do you keep your children in mind when working on the Turn Back

Time initiative? And, in what ways have they shaped the mission statement

and objectives?

● What is your process for developing new activities for the farm?



● Because I am creating a curriculum that I hope to pilot at TBT, I’d love to hear

about your expectations for a curriculum. Are there any specific learning

outcomes that you would like me to focus on?

● How do you balance accessibility and engagement in farm

activities/curriculums?

● What have you discovered that effectively engages children in the learning

process?

● What is your ideal pace for a curriculum at TBT?

● What is the ideal balance between classes and outdoor activities?

● How do you evaluate new activities and to determine how successful they are?

● Do you have any suggestions for how I can incorporate astronomy subjects

with nature?

● Can you describe an ‘emergent curriculum’ and how this is used at TBT?

Appendix E

● Can you tell me about your process (and/or the museum’s process) for developing

new activities/exhibits at the museum?

● Do you identify learning outcomes in conjunction with development of new

activities/exhibits? If so, can you tell me about them?

● From your observations, which activities have engaged students the most in STEM

subjects?

● How do you evaluate new activities/classes to determine how successful they are?



● There is a sundial at the discovery museum. How has that been incorporated with the

classes? I ask this because I plan to incorporate a sundial activity in my curriculum.

● How do you incorporate accessibility with the classes, exhibits at the museum?

● Have you seen any examples of curriculum that you found particularly successful that

I should look at?

● Is there anyone else you recommend I speak with?

Appendix F
















