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Utilizing On-Site Sustainability Technology to Engage
K-12 Students in Engineering Learning (Work in Progress)

Abstract

Research to develop sustainable technologies in response to the changing climate, combined with
educating K-12 students about those technologies, is vital in creating a sustainable future. This
study was designed to create a partnership between researchers and K-12 schools to increase
student knowledge about sustainability and to generate interest in engineering and STEM careers
by utilizing environmental bioengineering technology as a tool to teach sustainability principles.
In this study, an aerobic biodigester for the sustainable disposal of food wastes was installed in a
K-12 school, and researchers assisted teachers in generating hands-on, engineering-focused
lesson plans based on the digester technology. A pre-/post-assessment was conducted for a
biology lesson. Results indicate students improved in their knowledge of sustainability issues
related to food waste and aerobic respiration. Students also self-reported learning more about
sustainability, engineering, and biology concepts through the lesson. Perhaps most importantly,
students were excited about the hands-on learning experience provided by the digester and
expressed increased interest in engineering and STEM-related careers.

I. Introduction

Climate change is a pressing societal issue and researchers are working to find viable solutions.
As they do, it is imperative that the results be translated into learning opportunities for the future
generations of environmental leaders: K-12 students [1], [2]. Partnerships between researchers
and K-12 teachers have proven highly beneficial in increasing student learning [1], [2].

The Framework for K-12 Science Education [3] and the Next Generation Science Standards
(NGSS) [4] place emphasis on the integration of engineering principles and practices into K-12
science education. Unlike previous science education standards, engineering was included in the
NGSS for two reasons: to reflect the importance of understanding the human-built world and to
recognize the value of better integrating the teaching and learning of STEM fields. Research
indicates that exposure to and engagement in engineering during K-12 education provides
students with knowledge of the breadth of real-world problems solved by engineers [5], [6].
Early exposure to engineering problem-solving is a useful tool for recruiting diverse youth into
engineering fields [7], [8]. Pursuit of engineering means that youth develop both engineering
knowledge and affinity with the profession. In K-12 education, this includes increasing students’
knowledge of engineering and engineering fields, and also supporting engineering identity
development and affiliations with engineering as a community of practice [7], [8], [5], [9], [10],
through authentic opportunities to learn.

Issues of sustainability, environmental engineering and energy provide relevant examples of real-
world problems that are tangible to K-12 students and can be explored in the classroom to create
authentic learning opportunities [11]. Exposure to environmental engineering technologies
engages students in engineering problem solving while helping them understand the importance
and relevance of the sustainability issues the technologies are addressing. Previous studies have
shown increased student interest and performance in STEM classrooms as a result of project-
based learning that addresses real-world issues in sustainability and utilizes sustainable
technologies in the classroom [11], [12].



I1. Research Questions
This study created a partnership among researchers, K-12 educators and students by using an
environmental bioengineering technology in the classroom to increase student knowledge and
engagement with sustainability, engineering and related core science concepts. This study aimed
to enhance students’ knowledge of engineering technologies related to sustainability, and interest
in engineering overall, through curricula that integrated bioengineering principles. The research
team sought to answer the following questions:
e To what extent does engagement in biodigester-related science lessons influence
students’ knowledge of bioengineering and sustainability issues related to food waste?
e How do students report their experiences with the lessons and their interest in
engineering and STEM-related careers?

I11. Technical Background

Because global food systems account for about one third of all greenhouse gas emissions, they
are a major area of interest for climate scientists and engineers [13]. Within food systems, food
waste disposal is one of the most significant challenges in waste management, and food waste is
directly related to the National Academy of Engineering’s Grand Challenges [14]. According to
the Environmental Protection Agency [15], 35% of food goes uneaten or unsold in the United
States, and more food waste is sent to the landfill than any other single material in our everyday
trash. In the US alone, 63.1 million tons of food waste were generated in 2018, and 68% of this
food waste went directly to landfills or incineration plants.

The aerobic biodigester used for this study (Figure 1) was designed and manufactured by
BioHiTech America [16] to address the issue of sustainable food waste disposal. The digester is
approximately the size of a washing machine and can easily be installed in the kitchens of
restaurants, grocery stores, and cafeterias. The biodigester utilizes aerobic degradation in which
microorganisms break down organics in the food waste into carbon dioxide, water, ammonia,
and soluble inert materials [17]. Moving mechanical arms in the digester further break down the
food waste. Temperature is maintained via warm water showered on top of the food waste. The
result is a liquified slurry that is redirected from the landfills with potential to be repurposed for
energy, fertilizers and other methods of resource recovery.
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Fig. 1. Aerobic digester (left) [16] and aerobic digestion process (right).



IV. Methods

A. Study Context. This study took place at the Tower Hill School, a private high school located in
Wilmington, Delaware. The majority of students travel from surrounding suburban areas to
attend the school. The student population is 64% White, 18% Asian, 6% Black, 1% Hispanic,
11% Multiracial. About 38% receive some financial assistance to offset costs of attendance.

B. Teacher-Developed Sustainability Curricula. After the aerobic biodigester was installed at
Tower Hill School, the research team conducted a workshop with twelve science teachers during
which they learned about the aerobic biodigester and related sustainability issues (Appendix I).
Three teachers developed hands-on, engineering-focused lesson plans that included the digester
technology: microbiology (biology); pH, acids and bases (chemistry); and water resources
(environmental science). The biology lesson was the first lesson conducted, and the evaluation
and results of this lesson are reflected in this paper. Table 1 shows the biology lesson objectives,
instructional activities, and assessment items used to analyze changes to student knowledge
before and after the lesson (additional details can be found in Appendix I1).

TABLE 1. |Instructional activities for each learning objective and associated NGSS standards.

Learning Objective Instructional Activities Pre-/Post-Assessment Items! NGSS PEs?
Identify and describe PowerPoint presentation on: ) Q1-Q3: prompts related to
LT e  Food waste production per capitaby | amount of food waste generated
sustainability issues . . . -
1| related to food waste state, reg_lonal waste handling annually in the u.s, proportion HS-ESS3-4,
broadly and at their e  Connection of food waste to that ends up in landfills, and HS-ETS1-3
y sustainability pillars and environmental impacts of food
school . - . -
environmental impacts waste in landfills
Explain how Visit to school cafeteria to learn about: Q4-Q7: prompts related to how
decomposition in the e  How the biodigester works — system | the biodigester works, which
e - . . - - HS-ESS3-4,
2| Biodigester is affected components and their functions types of organisms are used in the HS-LS1-7
by factors related to e  Connection of biodigester to biodigester, and the chemical
technology design engineering and microbiology process used (aerobic respiration)
Use knowledge of Investigate aerobic respiration:
aerobic respiration to e  Plate microbes Q8-Q11: prompts related to
3 plan and conduct an e  Culture at different temperatures factors that affect biodigester HS-LS1-7,
investigation related to | e  Estimate and classify culture growth | functioning — pH, temperature, HS-PS1-6
temperature and e  Draw conclusions about effect of and the availability of reactants
reaction rate. temperature on biodigester function

L funl pre-/post-assessment can be found in Appendix I1. 2 ful description of NGSS performance expectations can be found in the
endnotes.

C. Data Sources and Analysis. We utilized concurrent triangulation mixed methodology using
pre-/post-sampling methods and qualitative analysis [18]. An eleven-question pre-/post-
assessment was administered immediately before the lesson began and immediately after the
lesson concluded. Students (n=17) were aggregated to discern what difference, if any, emerged
in overall knowledge and skills after the lesson. Descriptive statistics were applied to the data set
to determine trends. Additionally, a survey (Appendix I11) was administered to the students
(n=14) at the completion of the lesson which asked a combination of open-ended and true-false
guestions to determine whether the students perceived the lesson helped them to learn about
sustainability, STEM, and engineering. Survey responses were analyzed using thematic analysis.



V. Results
A. Pre-/Post-Assessment. On the pre-assessment, students answered more than half of the items
correctly [u=6.1, 0 = 1.8, 1= 6.0, range = 7.0] indicating students had some background
knowledge related to the science content and skills in the bioengineering lesson. On the post-
assessment, student scores improved [u=7.6, 0 = 1.9, 1= 8.0, range = 6.0], indicating growth in
students’ content knowledge and skills from pre- to post-assessment.

11
Figure 2 shows the change in 4 S 1
each individual student’s
performance from pre- to post-
assessment (reported by the
numbers above each column).
Mean scores for the pre- and
post- assessments are also
reported. In addition to
considering overall student
improvement on the assessment,
we analyzed students’
performance on each of the 0
eleven assessment items (Figure

3). Numbers printed above each _ .
Fig. 2. Change in student scores from pre-assessment to post-assessment
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a sustainability issue prior to the J

bioengineering lesson, but they Leamning I eaming Learning

did have skills related to data Objective 1 Objective 2 Objective 3

anaIySiS and knOWIedge of Fig. 3. Change in student scores from pre- to post-assessment for the eleven

factors that affect the rate of assessment items. Change in scores is quantified (numbers above columns).
aerobic respiration in a system.

As indicated by the post-assessment, students’ knowledge and skills improved. In relation to
Obijective 1, students increased their understanding of sustainability issues related to food waste
by more than a third (35%). The pre- to post- assessment change (ca. 60%) was in students'’
ability to identify aerobic respiration as the biological process used by microorganisms to
decompose food waste. Overall, student performance from pre- to post-assessment indicates that
they increased their knowledge of sustainability issues, food waste, and aerobic respiration.
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B. Student Survey. Analysis of survey responses related to student interest in STEM careers
indicated that half of the students (50%) are interested in STEM careers; 57% of these students
said their interest was positively impacted by their participation in the lesson. Of the 50% of
students that were not interested in STEM careers, 43% still perceived the bioengineering lesson
increased their knowledge of STEM careers. All students who took the survey perceived they
learned more about STEM more generally as a result of the bioengineering lesson. More than
half (57%) of students perceived increased knowledge of sustainability, and more specifically,
sustainability as it related to food waste. More than half (57%) perceived greater awareness of
the connections among sustainability, engineering problem solving and biodigester technology.
Student responses strongly indicated that they enjoyed learning about the biodigester and how it
works (64%) and how the effluent produced in the biodigester could be sustainability repurposed
(29%).

V1. Conclusions and Impacts

This study aligns to key characteristics of education for sustainable development [19] while also
enhancing students’ knowledge of the ways in which engineering can be used to solve
environmental problems [6]. The collaboration between researchers and teachers provided youth
with opportunities to engage in core science concepts in the service of learning about a real-
world problem. Students engaged in consequential sustainability learning [20] [21] by
investigating how biodigester technology works to mitigate the problem of food waste at a local
scale in the context of biology. Learning opportunities like these serve to enhance students’
science and engineering literacy while also supporting their awareness of issues related to the
environment — sustainable use of natural resources, environmental impacts, and human actions
that exacerbate global climate change. This study indicates potentially effective means for
increasing students’ knowledge of sustainability issues while also supporting or improving their
interest in engineering and STEM.

VII. Study Limitations and Next Steps

The generalizability of the results of this study is limited by study context and participants. The
study took place at one private high school with one teacher and seventeen students to date, all of
which were advanced learners. Thus, the ability to infer potential impacts on high school science
teachers and students is limited. The other two lessons developed during the teacher professional
development workshop will be conducted to increase the sample size of this study. Additionally,
performing these lessons in schools with greater representative student diversity would also
enhance our ability to generalize impact.
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IX. Endnotes

NGSS Performance Expectations being used directly or developed during the bioengineering
lesson.

HS-ESS3-4. Evaluate or refine a technological solution that reduces the impacts of human
activities on natural systems.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria
and trade-offs that account for a range of constraints, including cost, safety, reliability, and
aesthetics as well as possible social, cultural, and environmental impacts.

HS-LS1-7. Use a model to illustrate that cellular respiration is a chemical process whereby
bonds of food molecules and oxygen molecules are broken and the bonds in new compounds are
formed, resulting in a net transfer of energy.

HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that
would produce increased amounts of products as equilibrium.



Appendix I: Teacher Professional Development

A. Lunch-and-Learn. After the aerobic biodigester was installed at the Tower Hill School in the
spring of 2022, the researchers gathered with a group of twelve science teachers from various
grade levels (including lower, middle, and upper schools) to conduct a lunch-and-learn workshop
about the digester. During this workshop, the researchers gave a presentation on the digester, its
function, and the installation process for the digester at the school. Teachers were given the
opportunity to engage with the presentation and ask questions. Following the presentation,
teachers were given time to think about and share ideas regarding how they could educate their
students about the digesters in their various classes. At the end of the lunch-and-learn workshop,
the researchers asked for three volunteer teachers to participate in a week-long professional
learning workshop to flesh out and create lesson plans based on their ideas.

B. Professional Learning Workshop. Three high school science teachers (biological sciences,
chemical sciences and environmental sciences) volunteered to participate in the professional
learning workshop. The goals of this workshop were to help teachers learn more about the
biodigester technology and related issues in sustainability, and to assist them in creating hands-
on, engineering-focused lesson plans involving the digester technology. The workshop took
place over the course of three days in Summer 2022 through synchronous online sessions for
about 2.5 hours each day. The table below shows the activities during each synchronous
workshop session and tasks completed by teachers asynchronously after each session. Teachers
refined and finalized their lesson plans within three weeks after the workshop. The teachers were
paid a stipend for time spent developing these lesson plans and their cooperation in administering
the lessons and reporting the results to the research team.

Day Synchronous Workshop Activities Asynchronous Tasks

e Presentation on digester technology and
sustainability issue of food waste disposal
e Reviewed resources for teachers (slides, Develop an outline of lesson related to course

! diagrams, technical information on the digester) | content that incorporates digester technology
e Brainstorming session for teacher lesson
planning
e  Teachers shared lesson outlines
s | Feedback and idea-sharing among researchers Revise lesson outline, begin development of draft
and teachers lesson plan

e Final questions and clarifications

e  Teachers presented draft lesson plans
3 | ¢ Feedback and idea-sharing among researchers Revise and finalize lesson plan
and teachers




C. Teacher Feedback. At the conclusion of the professional learning workshop, teachers reported
a greater understanding of sustainable engineering technology and its application at their school.
Prior to this professional learning opportunity, they were aware of the installation of the digester,
but they did not know enough about it to use it as an instructional tool. Teachers appreciated the
opportunity to ask questions of the research team and for the feedback provided on their lesson
plans. They shared enthusiasm for using the biodigester to craft a relevant, authentic lesson for
students. They gave suggestions of ways that the workshop could be expanded to other science
teachers at the school during professional development days, and they have proposed presenting
at various environmental summits held annually by the school and in the state.



Appendix I1: Pre-/Post-Assessment for Biology Lesson

1. On average, how many tons of food waste are produced each year in the United States?
A. 6 million

B. 16 million
C. 60 million
D. 600 million

2. On average, what proportion of food waste produced per year in the U.S. ends up in a
landfill?
A. 7%
B. 17%
C. 47%
D. 75%

3. Which environmental problems are created directly as a result of food waste in landfills?
Choose all that apply.

. Sea level rise

Greenhouse gas emissions

Biodiversity loss

Leaching of pollutants into watershed

Large scale deforestation

Soil erosion

TMOO WP

Questions PE SEP DCI CCcC

HS-ESS3-4, HS-

ETS1-3 INFO ESS3.C, ETS1.B CIE

1-3

4. Which organism(s) are primarily responsible for decomposing organic matter like food waste?
Choose all that apply.

Algae

Animals

Bacteria

Fungi

Plants

moow>

5. Which biological process is primarily used by decomposers to break down food waste?
A. Aerobic Respiration
B. Ethanol Combustion
C. Glycolic Fermentation
D. Photosynthesis



6. Which of the following chemical equations represents the overall chemical process used by

decomposers to break down food waste?

A. 6 CO2 + 6 H20 + energy — CsH1206 + 6 O2
B. CeH1206 + 6 O2 - 6 CO2 + 6 H20 + energy
C. C2HsOH +3 02 - 2 CO2 + 3 H20 + energy
D. CsH1206 - 2 CO2 + C2Hs0H + energy

Questions PE SEP

DCI

CCC

4-6 HS-LS1-7 MOD (6 only)

LS1.C

E/N (6 only)

A biodigester is illustrated on the right; it can be used in

commercial kitchens to reduce the amount of food waste

thrown in the trash.

e Letter D shows a jet that sprays 40-50°C (100-120°F)
water into the system.

e Letter E shows a paddle arm that turns continuously
as food waste is broken down.

7. Predict what would happen if the paddle arm (letter E)
got jammed and could not turn.
A. Food waste would not be broken down effectively

by decomposers; oxygen would not be evenly distributed in the system.

B. The biodigester would continue to function normally; the paddle arm just packs food in

more tightly.

C. Food waste would be broken down rapidly by decomposers; they would run out of food

and die.

D. The biodigester would take less energy to run; this would make it more efficient and

environmentally friendly.

8. Predict what would happen if the water sprayed into the biodigester by the jet (Letter D) was

room temperature (21°C, 70°F).

A. Food waste would continue to be broken down as normal in the biodigester system.
B. Food waste would be broken down more quickly in the biodigester system.

C. Food waste would be broken down more slowly in the biodigester system.

D. Food waste would be broken down at double the rate in the biodigester system.




9. The graph on the right shows the relationship

between temperature and decomposition.
Choose two data points from the graph and
explain how they support your answer to
question #8.

Sample response:

At 40°C, the decomposition rate is nearly 60
units of product.

At 20°C, the decomposition rate is about 20
units of product.

[
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Decomposition Rate (units of product)
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10.  The graph on the right shows the
relationship between pH and decomposition

rate. Which of the following conclusions can be
drawn from the patterns in the graph?
A. The decomposition rate in the biodigester

increases as pH increases.

B. The optimal pH for decomposition in the
biodigester is very acidic or very basic.
C. The decomposition rate in the biodigester

is not affected by pH.
D. The optimal pH for decomposition in the
biodigester is neutral.
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11. A group of students decides to set up a lemonade stand as a fundraiser at the school’s
football game. They make 30 gallons of lemonade and throw all of the used lemons into the

biodigester. Predict what will happen to the decomposition rate in the biodigester and justify
your prediction using patterns in the graph.

Prediction:

Decomposition rate would slow significantly.

Justification:

The graph indicates that decomposition rate is low (below 10 units of product) at pH less
than 3 (very acidic).

Questions PE SEP DCI CCcC
HS-PS1-6, HS- | DATA (7, 8, 10)
7-11 ETS1-3 ARG (9, 11) PS1.B, ETS1.B PAT




Appendix I11: Student Survey Questions

1. What is one thing you learned from the lesson?

2. What did you most enjoy from the lesson?

3. What can be improved in this lesson next time?

4. Areyou interested in an engineering or STEM career in the future?

YES NO

5. Did this lesson positively influence your interest in engineering or STEM careers?

YES NO

6. Do you feel that you understand more about engineering and STEM based on the lesson?

YES NO



