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 Engagement with the natural world is imperative to student learning in the geo- and environmental sciences. 
Immersion in the environment is particularly useful for complicated subjects like nutrient cycling and 
biogeochemistry. However, access to the outdoors is not ubiquitous, and often students living in urban and/or 
remote locations are unable to access geo-, bio- and environmental activities, and demonstrations, and this 
inaccessibility was exacerbated by the COVID-19 pandemic. We created a remote learning activity to teach the 
carbon cycle to high school students enrolled in the University of Michigan’s Earth Camp (summer 2020). These 
high school students were admitted to this summer program to facilitate their access to and inquiry of the natural 
world. Likewise, this program is designed to enable and encourage students from underrepresented minority 
groups to engage in STEM, and in particular, earth sciences. Students conducted at-home bio-centric 
experiments and collected hair from their pets and their pets’ foods (and for students without pets, favorite snack 
foods) and sent it to the University of Michigan for isotope analyses. Students recorded ingredients in their 
specimens and hypothesized what isotope values their specimens should have, based on C3/C4 plant distribution. 
The students’ results allowed them to examine how the Earth’s carbon cycle is reflected by common plants and 
animals living in their homes and to collect physical observations and analyze their own data. This activity 
received positive evaluations from students, and students felt their knowledge of isotopes and the chemistry 
behind their food increased from this exercise. Although Earth Camp recruitment was unrelated to student’s 
desired major, almost ~20% of the participants in this activity listed earth sciences as a desired major upon 
application to college. We have attached this activity in the supplement for future use by other earth science 
educators in an adapted version that does not require the ability to measure stable isotopes. 
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INTRODUCTION 

Literature Context 

The importance of teaching natural science at a high school 
level and appropriate approaches 

Understanding the natural world is more necessary than 
ever, with climate change and associated food scarcity, natural 
hazards, and more, a risk for all. These threats loom even 
larger for those growing up during this unprecedentedly rapid 
change (Kuthe et al., 2019). To facilitate an understanding of 
the Earth and its environment, it is important that the science 
of these subjects is incorporated into elementary and 
secondary learning (Sunal & Sunal, 2003). Currently, within K-

12 curriculum, earth science is most commonly taught as part 
of a “general” or “integrated” science course in 8th or 9th grade 
(Bezanson, 2021). Additional high school level courses are 
elective rather than required, and because of this, earth 
science is often not well represented prior to college. 
Additional issues arise from this: because it is an elective 
course, earth science teachers are most often certified in a 
different STEM field (biology, chemistry, or physics) or in a 
generalized education program, and have only taken 
introductory earth science courses. The number of high school 
earth science teachers who are certified to teach earth sciences 
declined 8% from 1994 to 2002 (Blank & Langeson, 2001); this 
contributes to a lack of enthusiasm among teachers, as a lack 
of training causes a lack of curricular development (Blank & 
Langeson, 2001). As such, many students do not pursue an 
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education in earth science, not considering it as an option due 
to lack of high school courses and expertise of instructors. 
Furthermore, when students do enter university with an 
interest in STEM fields, <40% of these students finish with a 
STEM degree, with even a small number–20%–of previously 
interested underrepresented minority students graduating 
with an undergraduate degree from a STEM field (Freeman et 
al., 2014). Overall, the earth and environmental sciences are 
the least diverse of all STEM fields at all degree levels. Despite 
widespread recognition of this issue and the value of diversity, 
as well as years of outreach, little or no progress has been made 
on increasing ethnic or racial diversity in earth and 
environmental sciences in the past 40 years (Bernard & 
Cooperdock, 2018; National Center for Science & Engineering 
Statistics, 2021). Exposure to the earth and environmental 
sciences discipline and associated careers during high school 
education is key for recruitment (Levine et al., 2007; Maltese 
& Tai, 2011; Tai et al., 2006; Wilson, 2017), especially female 
students (Christensen et al., 2015), Black students (Whitney et 
al., 2005), and students from backgrounds historically 
represented in geosciences who do not have geoscientist role 
models (Grandy, 1998; Levine et al., 2009; Sherman-Morris et 
al., 2013). Thus, by introducing environmental sciences 
earlier, it is possible to increase the reach to students that are 
historically under-represented in environmental sciences. 

One of the strengths of an earth science education is that 
it requires students to combine concepts across STEM. 
Biogeochemistry connects four spheres of the Earth: the 
biosphere, geosphere, atmosphere, and hydrosphere (Bashkin 
& Howarth, 2002). As such, recent researchers looked to 
quantify the undergraduate level conceptions of earth systems 
and biogeochemical cycles (Soltis et al., 2021). Interviews, 
concept drawings, and surveys demonstrated that 
undergraduate students in STEM and non-STEM fields hold a 
bio-centric view of the carbon cycle, while undergraduates in 
interdisciplinary fields and/or who took more STEM courses 
have more nuanced understandings of these cycles (Soltis et 
al., 2021). Prior research looking at student learning of 
concepts related to the carbon cycle recommended 
instructional strategies that traces carbon atoms along 
different levels of biological organization to teach the carbon 
cycle (Düsing et al., 2019). 

New pedagogical obstacles to navigate in the virtual 
classroom 

Success in virtual courses is not consistent across the 
population (e.g., Jaggars & Bailey, 2010; Xu & Jaggars, 2014). 
Students of certain minoritized populations struggle 
disproportionally in online learning environments (Nguyen, 
2017; Waschull, 2001). A variety of explanations have been 
offered for this, ranging from limited access to computers and 
technology, to social isolation and/or lack of student-student 
interaction (e.g., Nambiar, 2020; Nguyen, 2017; Waschull, 
2001). While some of these issues grow out of deeper-rooted 
social problems, some may be ameliorated by using more 
inclusive learning strategies, such as those modeled below. 

Pedagogical approaches like the community of inquiry 
(CoI) framework (Arbaugh, 2007; Arbaugh et al., 2008; 
Garrison, 2009; Garrison & Arbaugh, 2007; Garrison et al., 
1999) (Figure 1) have been successfully employed in the 

classroom to create virtual environments that make the 
students and instructors feel like they are present and learning 
together (d’Alessio et al., 2019b).  

The basis of the CoI framework is the creation of a deep, 
meaningful, and collaborative learning experience by focusing 
on three “presences,” emphasizing connections between 
instructors and students, and among students (Anderson et al., 
2001; Garrison et al., 1999, 2001) (see Figure 1). Social 
presence encourages students to project their identity in the 
online classroom, including interactions with other students 
and instructor, cognitive presence encourages students to 
engage with ideas individually and in groups, and teaching 
presence relates to course structure and design. Of course, it is 
difficult to create successful social communities within the 
virtual classroom for students due to physical and 
communication barriers (d’Alessio et al., 2019a). Likewise, 
“active learning,” or students actively engaging in the learning 
process, which is more likely to lead to internalization, 
understanding and retention, is imperative for student 
retention of new concepts (Bonwell & Eison, 1991; Bonwell & 
Sutherland, 1996; d’Alessio et al., 2019a; Michael, 2006).  

In a meta-analysis incorporating 225 studies across a wide 
range of STEM disciplines, an average of a 6% increase in 
assessment scores occurred in students who were exposed to 
exposition-centered learning methodologies over lecture-
based methods (Freeman et al., 2014). Interactive teaching, 
including in-class activities, group discussion, and hypothesis-
testing prior to hands-on science experiments and natural 
observations are important active learning methods used 
during in-person earth and environmental science courses 
(Soltis et al., 2019), however, synchronous collaborations, 
hands-on activities, and importantly, the ability of instructors 
to assess how well learners are learning behind a screen are 
strained by physical barriers to communication (Modell & 
Michael, 1993; Tan, 2020).  

 
Figure 1. CoI framework contextualizing aspects of Earth 
Camp modeled after Garrison et al. (1999) 
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More specific to earth and environmental sciences, the 
move to virtual learning due to the COVID-19 pandemic 
exacerbates the absence of the natural world in early 
education; due to lower-than-average certification and 
expertise, teachers are even more at a loss for how to engage 
students in earth sciences remotely. Furthermore, access to 
the outdoor was more limited than ever, due to stay-at-home 
orders, and limited public transportation, etc. (Mitra et al., 
2020; Rice et al., 2020). The natural world spark that often 
piques students’ interests in earth and environmental 
sciences, in addition to providing relief for stress and exercise 
(LaDue & Pacheco, 2013; Razani et al., 2020) is extremely 
limited in scope. The lack of outdoor access and instructor 
preparedness makes science education especially vulnerable 
during this time. Here we discuss how we attempted to address 
these many challenges during the summer of 2020 (and 
associated COVID-19 pandemic) and offer a reusable 
framework for other educators facing similar challenges 
engaging students. These materials can be used during the 
ongoing COVID-19 pandemic and in online education during a 
post-COVID-19 future. 

Purpose and Learning Objectives 

There were two major goals for the outcomes of this 
activity. One was to develop student understanding of complex 
topics in interdisciplinary science: biogeochemistry, using a 

scientific method-based approach (i.e., I know what an isotope 
is. I learned about isotopes. I learned about the difference between 
types of isotopes). The other was to create a hands-on 
experiment that allowed learners to employ the scientific 
method and assess results in technology-based activities, 
especially prevalent during a global pandemic that confined 
students to their homes (i.e., I think I know where my pet’s food 
comes from. I believe isotopes can be useful for tracing food 
sources.) By the end of the activity, students should (i) 
understand what a stable isotope is, (ii) understand the context 
of isotopes in the biogeochemical carbon cycle, and (iii) have 
successfully applied the scientific method to biogeochemistry 
in their daily lives. 

Here we present an activity for students about the role of 
biogeochemistry and the carbon cycle in environmental 
sciences from their own homes based on CoI and active-
learning frameworks. This assignment focuses on food 
resources and the study of food forensics within students’ 
homes and emphasizes the skillset of scientific inquiry. By 
choosing aspects of environmental science literally close to 
home, we encourage student enthusiasm and interest, and we 
approach complex biogeochemical cycles from a biocentric 
perspective based on best achievement and learning outcomes 
in prior studies (e.g., Soltis et al., 2021). This activity included 
in-person, individual student hypothesis development, and 
testing data collection, discussion in synchronous group 
settings in virtual “Zoom classrooms” and the establishment 
of a virtual laboratory setting to create fundamental 
framework of the community of inquiry model (Figure 1 and 
Figure 2) (Garrison et al., 1999; Tan, 2020). 

Students were given assessments before and after the 
activity to evaluate their learning from this activity and the 
course in general. In the supplementary materials of this 
manuscript, we include associated data and an exercise that 
can be used in high school and introductory undergraduate 
classrooms (both remotely and in cases when instructors do 
not have access to necessary instrumentation to make isotopic 
measurements).  

Study Population and Setting 

We worked with 27 students from two high schools in the 
greater Detroit area, MI, USA. The majority of Earth Camp 
students are members of underrepresented minority groups. In 
2019, 41 out of 46 students were members of under-
represented minority groups. In 2018, 35 out of 38 students 
were members of under-represented minority groups. In 2017, 
33 of 34 students were members of under-represented 
minority groups. In 2016, In 2015, 39 of 40 students were 
members of under-represented minority groups. 20 of 20 
students were members of under-represented minority groups. 
These students were all enrolled in a normally hands-on, in 
person, secondary summer program based out of Ann Arbor, 
Michigan called Earth Camp (University of Michigan 
Department of Earth & Environmental Sciences, 2021a; Smith 
et al., 2019). This program typically provides students 
exposure to earth and environmental sciences in the natural 
world through weeklong trips into the field, which has 
encouraged participating students to pursue college 
educations, and more specifically STEM in college. This 
activity was implemented in July 2020 (Appendix A).  

 
Figure 2. Pet hair rinse in a 9:1 DI-methanol treatment in a 
fume hood 
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This study was conducted through the University of 
Michigan’s Earth Camp, an immersive residential camp 
experience for high school students that was launched by 
funds from the National Science Foundation, Shell Oil 
Company, and the University of Michigan, and continues to be 
sponsored by the University of Michigan’s Department of 
Earth and Environmental Sciences with many hands-on 
activities in the outdoors. This program has been in existence 
for six years (since its launch in 2015), started by two 
employees of the department. High school students from the 
greater Detroit area apply to this program as rising 
sophomores, and upon admission, ~20 students can 
participate their first year in a trip on UM Ann Arbor’s campus 
and at Sleeping Bear Dunes (Glen Arbor, MI). The following 
year, the same students participate in an immersive 
experience in the upper peninsula of Michigan, >7 hours north 
of their residences. Finally, in their third year, students travel 
to field camp in Wyoming, visiting the Earth department’s 
Camp Davis field station and Grand Teton and Yellowstone 
National Parks (University of Michigan Department of Earth & 
Environmental Sciences, 2021b). Of all Earth campers, >95% 
who completed between the summers of 2015 and 2019 had 
declared majors in earth and environmental science or another 
STEM field at UM or other universities (North Shine, 2019). 
2020 was an exceptional year, in that students were unable to 
participate in Earth Camp in person due to pandemic-related 
restrictions. As such, hands-on activities were hard to come 
by, and student engagement with interdisciplinary 
biogeochemistry could not be done in person.  

OVERVIEW OF MODULE 

Typically, Earth Camp’s curriculum is designed to educate 
students in earth and environmental sciences through hands-
on experiences, outdoor activities, and exposure to career 
opportunities (North Shine, 2019). This is based on studies 
that show getting students outdoors and engaging with nature 
is an important predictor that students will major in earth and 
environmental science (Levine et al., 2007). Based on these 
parameters, we sought to create a module that emphasized 
students’ environments and interactions with the 
environment (e.g., Cotton & Sheldon, 2013), though those 
environments were confined by the COVID-19 pandemic. Prior 
years’ in-person successful activities included water quality 
surveillance of the Huron River (Ann Arbor, MI, USA), students 
building solar cells, and more. These activities were successful 
in encouraging scientific inquiry, wherein students had to 
isolate and solve a problem based on experience and 
observation, and increased student retention in earth & 
environmental sciences (as evidenced by high STEM 
retention). Due to the importance of food in the context of 
nutrient cycling and the proximity of students to their own 
kitchens, we decided to emphasize biogeochemical cycling 
within student kitchens. We introduced inquiry via inductive 
logic and introduced important aspects of the scientific 
methods. Students made observations about pet food 
ingredients and consumption or snack food ingredients, 
created a hypothesis about the biogeochemical implications 
of these observations, identified what we would see in 
biogeochemical records of food and pet hair if our hypothesis 

was correct, determined if their predictions matched their 
outcomes. This module was included in a week with additional 
activities about the Great Lakes (contextualizing the 
environment of students’ homes) and harmful algal blooms, 
and thus was one of several biogeochemical and 
Earth/environmental science modules for this course. The 
virtual platform created unusual obstacles to ensure student 
participation, so participation was evaluated based on 
completion of the activities. This module put additional 
emphasis on the importance of scientific community (i.e., the 
community of inquiry model; Arbaugh, 2007; Arbaugh et al., 
2008; d’Alessio et al., 2019a; Garrison, 2009; Garrison & 
Arbaugh, 2007; Garrison et al., 2000), so although each student 
was conducting scientific inquiry on their own kitchen, data 
were compiled and aggregated to be discussed in a group 
setting. Student learning was evaluated based on the 
comparison of pre- and post- identical self-evaluation surveys, 
with each question ranging 1 (strongly disagree) to 5 (strongly 
agree).  

Students’ Engagement with Scientific Inquiry 

Like that in Tang et al. (2010), students were introduced to 
scientific inquiry via the encouragement of pursuit of 
“coherent, mechanistic accounts of natural phenomena.” 
(Hammer & van Zee, 2006; Hanauer et al., 2006; Tang et al., 
2010). Like Ms. Jones in the methodology demonstrated by 
Tang et al. (2010), students were led through the scientific 
method by instructors. Of note, we did not focus on the steps 
of the scientific method in discrete vocabulary terms as 
previous studies have found this emphasis on vocabulary can 
detract from student productive inquiry (e.g., Tang et al., 
2010), and instead had students follow a logical order. 
Students were introduced to hypothesis formation when they 
were introduced to the assignment several weeks before 
carrying it out. Although terminology was intentionally left 
out of the scientific method introduction as to not introduce 
additional confusion and distraction (i.e., Tang et al., 2010), 
students began evaluating the composition of the insides of 
their kitchen based upon their interests. Students interested in 
their pets’ eating habits investigated their pets’ food 
composition, while students interested in their own favorite 
foods investigated their favorite snack foods. Both sets of 
students researched the nutrition facts and ingredients listed 
for each food and postulated on the composition of their 
preferred food (i.e., created a hypothesis for what these foods 
were made of). 

Students collected their specimens of interest and sent 
them in for analysis. Prior to being introduced to their results, 
students discussed the background of stable isotopes and 
grass- versus corn- fed animal feeding processes. Led by the 
instructor, students contextualized major constituents of our 
diet in carbon isotope space. 

Students were taken through the laboratory on Zoom and 
introduced to the methodology of this research project, 
including the chemistry involved in cleaning and preparing 
samples, the isotopic analyses on the Cavity Ring-Down 
Spectrometer, and some introductory laboratory safety 
measures taken by the experimenter. Exact methodology for 
replication can be found in the supplemental materials. 
Students were sent a procedure including photographs from 
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the laboratory, then given a laboratory tour over Zoom by a 
researcher, including each step of the process and an 
introduction to the machine. In a synchronous Zoom meeting 
to encourage a sense of community with their peers and 
instructors (e.g., Arbaugh, 2007; Arbaugh et al., 2008; 
Garrison, 2009; Garrison & Arbaugh, 2007; Garrison et al., 
2000), students were given isotope measurements of their pets 
(δ13Chair) and foods (δ13Cfood). Students were given time to 
compare their food and hair results to one another’s, amongst 
their own samples, and to their expectations (i.e., hypothesis) 
based on known ingredients.  

Students were also provided background on the range of C3 
and C4 plant isotope values, then reintroduced to this range 
after receiving their results. In a group, students and the 
instructor discussed reasons for discrepancy between results 
and expectations. Students revisited the listed ingredients of 
their specimens to determine where their food products came 
from (e.g., animals fed C4 plants like corn, corn syrup, etc.). 
Figure 3 shows CoI framework with specific activity 
information established. 

Concept Introduction 

For the remote 2020 version of Earth Camp, we focused 
student attention to internal house observations, particularly 
related to their favorite foods, and the foods their pets ate. 
Students were introduced to the activity three weeks prior and 
told that they would be examining the biogeochemical cycling 
of their pets using pet hair and food. Students collected pet 
hair and food, labeled each specimen with specifics including 

name of student, name of pet, date, pet species, pet food brand 
and flavor, then sent it to instructors in the mail. Students 
without pets sent in their favorite foods, labelled with 
ingredients. 

Evaluation 

We assessed student learning using pre- and post-
assessments. Assessments were developed with Earth Camp 
instructors. Students answered self-assessment questions 
about their understanding and the origin of their 
understanding of isotope geochemistry, their interest in 
isotopes, their interest in biogeochemistry, and their future 
plans (including short answers, and, where applicable, on a 5-
point Likert scale, with 1 as strongly disagree and 5 as strongly 
agree). The use of the 5-point Likert scale allowed us to bin and 
quantify self-efficacy, providing more diagnostic information 
than short answer or yes/no questions (e.g., Maurer & 
Andrews, 2000). Pre- and post-activity surveys allowed us to 
compare student answers before and after the module to assess 
student engagement and gained learning. Weighted averages 
were taken using this Likert scale, with a value of 5 indicating 
all students strongly agree, a value of 1 indicating all students 
strongly disagree, and a value of 3 indicating average student 
response score was 3 (even distribution between agree, 
disagree and neutral). 

RESULTS 

Pre-Activity Survey 

Prior to this activity, students’ responses to the learning 
objective-centered questions (LO) were as follows “Q1: I know 
what isotopes are” (77% neutral or above, 51% agree or strongly 
agree, average weighted value: 3.4), “Q2: I am familiar with the 
difference between radioactive and stable isotopes” (average 
weighted value: 2.9). 21 students of 27 said they had learned 
about isotopes in school before, while six had not. 

Students responded to the data interpretation survey 
questions (DI) as follows: “Q3: I believe isotopes can be useful 
for tracing food sources” (average weighted value: 3.5), and 
“Q5: I think I know where my pet’s food comes from” (average 
weighted value: 2.5) (Table 1, Figure 4, and Figure 5). 88% of 
students agreed, strongly agreed, or were neutral about the 
statement related to methods enjoyment (ME) “Q4: I am 
interested in isotope chemistry,” while 11% of students 
responded they were not interested and/or strongly 
disinterested (Table 1, Figure 4, and Figure 5; average 
weighted value: 3.2). 

 
Figure 3. CoI framework with specific activity information 
established 

Table 1. Answers to all pre-survey questions 
Category Question prompt SA A N D SD WV TA 
LO Q1 I know what isotopes are 5 9 7 4 2 3.4 27 
LO Q2 I am familiar with the difference between radioactive and stable isotopes 3 5 5 13 1 2.9 27 
DI Q3 I believe isotopes can be useful for tracing food sources 6 2 18 0 0 3.5 26 
ME Q4 I am interested in isotope chemistry 1 8 15 2 1 3.2 27 
DI Q5 I think I know where my pet’s food comes from 0 3 11 8 4 2.5 26 
  EC Both School None    
LO Q6 Primary knowledge of isotopes is from    21 6   27 
Note. SA: Strongly agree; A: Agree; N: Neutral; D: Disagree; SD: Strongly disagree; WV: Weighted value; TA: Total answers; EC:Earth Camp 



6 / 14 Stein et al. / Interdisciplinary Journal of Environmental and Science Education, 18(4), e2283 

Post-Activity Survey 

Students largely agreed (>50% responses above neutral) to 
the following questions addressing learning objectives (LO) 
“Q1: I know what isotopes are” (100%, average weighted value: 
4.3), “Q2: I am familiar with the difference between radioactive 
and stable isotopes” (75%, average weighted value: 3.8), and 
“Q6: Primary knowledge of isotopes is from Earth Camp [or Earth 
Camp and School]” (68%) (Table 2, Figure 4, and Figure 5).  

Students largely agreed to the following questions 
addressing data interpretation (DI): “Q3: I believe isotopes can 
be useful for tracing food sources” (83%, average weighted value: 
4.2), and “Q5: I think I know where my pet’s food comes from” 
(67%, average weighted value: 3.7) (Table 2, Figure 5, and 
Figure 6). 68% of students agreed, strongly agreed, or were 
neutral about the statement related to methods enjoyment 
(ME) “Q4: I am interested in isotope chemistry,” while 33% of 
students responded they were not interested and/or strongly 
disinterested (Table 2, Figure 4, and average weighted value: 
2.9). Comparisons between weighted responses to pre- and 
post-survey questions are shown in Figure 6. 

INTERPRATATIONS AND DISCUSSION  

Summary of Data Analyzed by Students 

All values for food and pet hair fell in the expected isotopic 
range between values expected for C3 plants (-24 to -33 ‰) and 
C4 plants (-10 to -16 ‰), except for the carbonate eggshells, 
which had enriched δ13C values expected of carbonates (Figure 
4 and Figure 6). Pet hair values that fell in between the usual 
range for C3 to C4 plants indicate the pet had a mixed diet 
(either complex food with multiple sources, or multiple food 
sources), while pet hair values more depleted than -20 ‰ 
indicate a largely C3 diet. Indeed, in addition to sampling pet 
hair and food, students reported the ingredients of their pet 
food. 

Students were given worksheets with questions to 
synthesize and interpret their learning. These worksheets 
included the following prompts: Students were asked to graph 
the isotopic value of their animals by species, and compare 
hair for dogs, cats, rabbits, and chickens before discussing the 
results.  

 
Figure 4. Histogram of responses (strongly agree, agree, 
neutral, disagree, and strongly disagree) to pre-survey 
questions (grey) and post-survey questions (blue) 

 
Figure 5. Pie chart of responses to question 6, where primary 
isotope knowledge originated for students 

Table 2. Answers to all post-survey questions 
Category Question prompt SA A N D SD WV TA 
LO Q1 I know what isotopes are 6 18 0 0 0 4.3 24 
LO Q2 I am familiar with the difference between radioactive and stable isotopes 2 16 5 1 0 3.8 24 
DI Q3 I believe isotopes can be useful for tracing food sources 8 12 4 0 0 4.2 24 
ME Q4 I am interested in isotope chemistry 1 4 11 7 1 2.9 24 
DI Q5 I think I know where my pet’s food comes from 2 14 6 2 0 3.7 24 
  EC Both School     
LO Q6 Primary knowledge of isotopes is from  11 7 4    22 
Note. SA: Strongly agree; A: Agree; N: Neutral; D: Disagree; SD: Strongly disagree; WV: Weighted value; TA: Total answers; EC:Earth Camp 
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They were also asked to graph food samples on a graph 
compared to what number ingredient corn was on the food 
nutrition label. They answered inquiries about the difference 
between their pet’s isotopic signature and the isotopic 
signature of their pet’s food, and determine whether the 
isotopic value was going up, or down. While answering these 
questions, students discussed what “enrichment” and 
“depletion” meant; because all values reported for carbon 
isotope values are negative, students had to conceptualize 
isotope notation and what fractionation and enrichment are. 
To encourage students to critically think about this activity 
and its context in their lives, they were asked a) what their pet 
might be eating to cause discrepancies between their pet’s hair 
and food, and b) how isotopes could be used as a tracer in other 
food or life situations. After filling out these worksheets on 
their own, students gathered in the group to discuss findings 
with instructors and each other. This activity was hands-on 
despite its virtual atmosphere, and allowed students to design 
hypotheses, participate in and use established methods, reflect 
on results, and discuss earth and environmental science topics 
from a biocentric perspective close to home.  

Limitations 

The assessment surveys were based on student self-
reflection and did not include any evaluation of understanding 
(i.e., “define an isotope). In future applications of this activity, 
it would be recommended that students are given a google 
form to evaluate their learning before and after, such that we 
could supplement students’ perceptions on success meeting 
learning goals with instructor evaluations. 

Impact of Activity on Students 

We gauged success of this activity by student engagement 
levels in the synchronous class discussion, student completion 
of steps that encouraged inquiry (reporting of nutrition facts 
of food, collecting and sending specimens, creating 
hypotheses about the content of their points). Our 100% 
participation in all these inquiry-based steps ensured that our 
students did participate in scientific inquiry of biogeochemical 
cycles within their own homes via this hands-on activity.  

To ensure accessibility, this synchronous class discussion 
was done over Zoom, with no video or voice requirements. 
Furthermore, to assess the success of this activity, students 
were asked to fill out a survey before and after profiling their 
experience with the activity and whether they felt it enhanced 
their understanding of biogeochemistry, earth sciences, and 
food forensics. Student response was overall positive. 

The six-question survey presented to the 27 students 
involved in this activity before and after the activity 
demonstrated largely positive results (see Table 1, Figure 4, 
Figure 5, and Figure 6). Learning objective prompts (“Q1: I 
know what isotopes are,” and “Q2: I am familiar with the 
difference between radioactive and stable isotopes”) received 
over 50% student response of “agree” or “strongly agree,” (and 
in the case of Q1, 100% student responses of a degree of 
agreement), demonstrating that students felt they retained 
basic isotope biogeochemistry knowledge from this course. Of 
the 24 students who filled out the post-activity survey, 22 
answered LO prompt “Q6: Primary knowledge of isotopes is 
from:” and two students declined to answer, with eleven 
answers a variation of “Earth Camp,” seven answers a variation 
of “both Earth Camp and School,” and four answers “primarily 
school” (Figure 6). These results clarify the context of the 
other two LOs, showing that the positive responses to Q1 and 
Q2 were based on knowledge accumulated during this activity. 
Likewise, data interpretation survey questions, designed to 
assess student critical thinking skills related to isotope 
biogeochemistry in this activity (“Q3: I believe isotopes can be 
useful for tracing food sources,” and “Q5: I think I know where my 
pet’s food comes from”) received largely positive scores, with 
>50% of the class marking “strongly agree” and “agree.” 
Notably, student knowledge increased between pre- and post-
survey administration, as evidenced by the overall average 
scores of LO (learning objective) category questions going 
from 3.41 (~neutral to agree) to 4.25 (~agree to strongly agree) 
for “I know what isotopes are” and 2.85 (~disagree to neutral) 
to 3.79 (~neutral to agree) for “I am familiar with the difference 
between radioactive and stable isotopes. Scores for DI (data 
interpretation) questions increased during this activity, from 
3.54 (neutral to agree) to 4.17 (agree to strongly agree) for “I 
believe isotopes can be useful for tracing food sources,” and 2.50 
(disagree to neutral) to 3.67 (neutral to agree) for “I think I 
know where my pet’s food comes from.” Student scores for 
isotope interest (ME) decreased from 3.22 to 2.88 over the 
course of the activity (see Figure 6). All scores except for the 
question related to enthusiasm increased over the activity, 
indicating that learning objectives were met. The question 
about interest in isotopes is largely a subjective question, and 
mood has been shown to link to student evaluations in a range 
of studies (e.g., Fortunato & Mincy, 2006; Munz & Fallert, 
1998; Zumbach & Funke, 2014). Thus, while this feedback is 
important to gauge student excitement about a topic, it does 
not have significant bearing on the success of the activity. In 
order to fully assess this, student mood and other confounding 
factors would have to be accounted for, and similar asked for 
increased data. 

Student Outcomes 

Based on longitudinal tracking of the student participants, 
11 of the students who participated in this activity applied to 

 
Figure 6. Comparison between pre- and post-survey weighed 
average responses to questions 1-5 
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the University of Michigan. Of those 11, 10 are members of 
underrepresented minority groups. Five of these 11 students 
indicated an interest in majoring in earth and environmental 
sciences, two of them listed earth and environmental sciences 
as their only choice major. The overall program aims, to enable 
and encourage URM students to pursue STEM education, 
continues to be successful and that a similar approach could 
be beneficial elsewhere. 

Applications 

Many instructors, especially at the high school level, do not 
have access to analytical equipment necessary for isotope 
analyses. While it may be possible to fund sample collection on 
a Picarro Cavity Ring-Down Spectrometer at local universities 
(i.e., University of Michigan for ~$10/sample), we have also 
provided the activity data to be reused to teach this exercise 
such that the activity can be replicated for no cost. The 
“whodunnit” nature of this activity, wherein students get to 
use isotope biogeochemistry and applications of earth & 
environmental science to determine the nuance of their food, 
including surprising and mysterious outcomes, can and have 
been transformed into an activity worksheet included in the 
supplementary materials. 

CONCLUSION 

This project, done with high school students without 
formal STEM college coursework experiences, took a bio-
centric approach to the complex carbon cycle, looking at how 
plants and animals play a role in the carbon cycle on the Earth. 
In addition to discussing the data collected for this study, we 
presented on the importance of this in the context of climate 
change and human impacts to the climate. Although Earth 
Camp is typically taught in the field, giving students 
opportunities to learn about earth and environmental sciences 
immersed in nature, this activity, in conjunction with other 
activities led by Earth Camp instructors during the summer of 
2020, allowed students to capitalize on data and the natural 
world they owned in their own homes. Though forced remote, 
this module introduced and emphasized the steps of scientific 
inquiry and allowed students to conduct their own 
experiments from home, while creating a group atmosphere 
for discussion and interpretation. This research could be done 
remotely, including simple and inexpensive mail-in data 
collection bookended with a virtual lab tour, allowing students 
to experience the scientific method in real time. The activity 
and data from this activity are provided in the supplement 
such that they can be reproduced even without access to 
isotope measurement equipment. This also emphasized how 
important the carbon cycle is, so much so that it is present 
even in their own kitchens. 
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APPENDIX A-SUPPLEMENTAL ACTIVITY FOR “HANDS-ON ENVIRONMENTAL SCIENCE 
ACTIVITIES DURING A PANDEMIC: USING STABLE CARBON ISOTOPES AS FORENSIC 
TOOLS FOR STUDENTS TO UNDERSTAND ENVIRONMENTAL CHEMISTRY FROM THEIR 
HOMES” 

Background Information for Instructors 

Stable isotopes 

Isotopes are different forms of an element that have the same number of protons, but a different number of neutrons, and 
thus have a nucleus of a different mass. Stable isotopes do not decay with time, while radioactive isotopes do decay (neutrons in 
the nucleus become different subatomic particles and/or emit energy). Isotopes are defined by their element (which is a function 
of protons present), then by the sum of the protons and neutrons. 

For example, carbon isotopes all have six protons (Figure A1). However, carbon-12 (the most abundant stable carbon isotope) 
has six neutrons and an atomic mass of 12 atomic mass units or amu, while carbon-13 (the other stable carbon isotope) has seven 
neutrons and an atomic mass of 13 amu. 6+6=12, which is why carbon-12 is named as such. Carbon-14 is radioactive, and contains 
six protons and eight neutrons, and decays with a half-life of 5730 years. Carbon-14 is commonly used for dating archeological 
remains back to roughly 50,000 years ago (i.e., 10 half-lives), and forms continuously in low abundance in the atmosphere from 
nitrogen gas (N2) that interacts with cosmic radiation. Carbon-12, or 12C accounts for 98.89% of all carbon on the Earth, while the 
other ~1% is mostly carbon-13 (13C). 

Introduction to delta notation 

How do we contextualize isotope content of a substance? In the case of carbon isotopes, we do so using ratios. The ratio of 
13C to 12C (13C/12C)=“13R.” Typically, scientists using isotopes calibrate these values to a known standard value. For carbon, this 
was the PeeDee Belemnite, initially. The PeeDee Belemnite (PDB) was a carbonate marine fossil collected in South Carolina (in 
the Pee Dee formation). The PeeDee Belemnite has been exhausted, and now the International Atomic Energy Authority (IAEA) 
distributes surrogate standards from its location in Vienna, hence materials are calibrated relative to “VPDB.”  

This notation for this calibration is known as “delta” notation: δ. In carbon isotope space, “δ” expresses the abundance of 13C 
to 12C in a sample relative to the abundance of 13C to 12C of this reference value or “known standard,” more specifically the Vienna 
PeeDee Belemnite. 

                                                                                      𝛿13𝐶𝑠𝑎𝑚𝑝𝑙𝑒 = (

13𝐶
12𝐶𝑠𝑎𝑚𝑝𝑙𝑒
13𝐶
12𝐶𝑉𝑃𝐷𝐵

− 1) ∗ 1000                                                                Eq. (1) 

You will notice in Eq. (1); this ratio is multiplied by 1,000. This is because the discrepancies in the absolute ratios are so small 
due to the abundance of 12C on Earth compared to 13C. Ultimately, the range of interest is 13R values (or 13C/12C) values from 
0.00998≤13R≤0.01121. Differences as small as 0.00001 are meaningful. In the same way that we multiply fractions by 100 so that 
we can think about them in “percent,” the multiplicative factor of 1,000 allows us to think about these terms in numbers more 
meaningful to us. Because the absolute ratio is similar between most substances, the sample/standard ratio will be close to 1. 
Thus, the subtraction of 1 gives negative values for samples that are very negative, or “depleted” in 13C, while isotopically 
enriched values are more positive, or “enriched” in 13C, and give positive values relative to the VPDB scale. 

 
Figure A1. Carbon isotopes 



12 / 14 Stein et al. / Interdisciplinary Journal of Environmental and Science Education, 18(4), e2283 

What is “per mil?” 

This multiplication by 1,000 means that rather than a unit of “percent,” isotope scientists use a unit of “per mil,” translated 
from the Latin per mille to “per one thousand.” The symbol for per mil is ‰. Most organic carbon is less than 0 ‰ because it is 
more depleted than the enriched Vienna PeeDee Belemnite. Some carbonates have values more enriched than the PeeDee 
Belemnite, and can be more than 0 ‰. 

Supplemental methodology 

To strip shampoo or any other treatment (e.g., flea and tick repellent) from pet hair, hair was rinsed in a 9:1 deionized water 
to methanol treatment and stirred with a clean glass stir rod. This was repeated three times, with individual hair follicles 
separated with the stir rod and thoroughly cleaned. The hair was then rinsed in deionized water three times and left to dry in a 
50°C oven for 48 hours.  

Hair was then chopped to homogeneity using a razor blade. Pet food and human food was homogenized with an agate mortar 
and pestle, before being set to dry for 48 hours in a 50°C oven. After cleaning and drying, ~0.600-0.800 mg of each sample was 
loaded into aluminum capsules, combusted in a Picarro Combustion Module, and analyzed on a Picarro G2201-i cavity ring down 
spectrometer for its δ13C composition. The results were calibrated using IAEA-CH-6 sucrose (-10.45 ‰) and IAEA--600 caffeine 
(-27.77 ‰) standards, in addition to internally calibrated lab standards (acetanilide: -26.58 ‰, C3 sugar: -26.14 ‰, and C4 sugar: 
-12.71 ‰).  

Supplemental guide to interpreting the data 

The correlation between food and pet hair can be visualized in isotope space, with food (the independent, or “causing” 
variable) on the x-axis and pet hair (the dependent, or “affected” variable) on the y-axis. A 1:1 line would imply no fractionation 
during digestion. No correlation between food and pet hair would indicate that pets were systematically eating something other 
than their food, or something more complicated about the digestion process was at play. 

In Figure A2, we see a strong correlation between pet hair and input food, with some small deviations from the 1:1 line (and 
a generalized slope of 0.94, well within error of the 1:1 line, where slope (m) would be 1). 

Ways to help students visualize the value of fractionation include figures and conceptual drawings like the column graph 
above (Figure A3). This column graph demonstrates the mean and median value of data, fundamentally important portions of 
statistics for elementary, middle and high schoolers when using data. Additionally, the column graph allows students to visualize 
the species-specific distribution of fractionation between food and hair. 

 
Figure A2. Plot showing difference between food and pet hair. The slope (0.94) and y-intercept (0.46) show the offset. The outlier 
point is shown in a dark blue square, and the other datapoints are shown in light blue diamonds. The expected canonical 
threshold of fractionation based on empirical knowledge and published data is shown in dashed red lines 
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There are two major reasons for a discrepancy between δ13C values of pet hair and their food: (i) that there are isotope effects 
during the digestion process and (ii) that the pets are consuming additional food outside of their main food source (Figure A4). 
Canonically, this is described by isotope geochemists as “you are what you eat… plus two per mil” (DeNiro & Epstein, 1978; 
Ellam, 2016; Kendall, 2003; Phillips, 2012). Indeed, previously, researchers have investigated the carbon isotope fractionation 
between feed and hair and have identified a consistent δ13Chair enrichment in hair of up to ~3 ‰ (Sponheimer et al., 2003). This 
experiment nicely demonstrated the complexity of the biogeochemical carbon cycle from a biocentric perspective one centered 
around students’ own households. To test these reasons, students were able to examine the fractionation patterns of their pets 
on an easily visualizable scale (Figure A5). 

Student Activity 

Look at the scale in Figure A5. Notice that C3 plants, or plants that use the C-3 photosynthetic pathway, include many trees, 
leafy greens, and most plants that you eat. Plants that use the C-4 photosynthetic pathway include popular crops like corn, as 
well as sugarcane and many grasses. You will notice that there are things on Earth’s surface, including volcanically sourced 
carbon, methane (like carbon stored in permanently frosted soils), and carbonates (like eggshells) that have carbon isotope values 
outside of the range of plants. 

 
Figure A3. Histogram of discrepancies in values (i.e., δ13Cfood–δ13Cpethair), divided into values. The mean difference is shown in a 
black star. Each animal type is represented by different colors, with rabbits in yellow, dogs in blue, cats in red, and chickens in 
grey 

 
Figure A4. Carbon isotope values of all measured specimens. F denotes food and H denotes hair. Pet names are included above 
each result 
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Questions to answer using the data provided in Table A1. 
1. If an animal’s hair has a value of -33‰, it is probably consuming only C3 plants. Meanwhile, if an animal’s hair has a value 

of -10‰, it probably consumes only C4 plants. What about if an animal has a value of -20‰? 

2. Plot each pet’s hair or eggshell value on this scale. Where do the pets generally plot? 
3. Are there values that are outside of the range between C3 and C4 plants? Why do you think that is? 

4. Plot each pet’s food on this scale. Where does the food generally plot? 

5. Do you think that pets are eating only their food and nothing else? What makes you think this? 
6. Do you observe a difference between store-bought eggs and eggs from homegrown chickens? Why is there a difference? 

7. Do you think the meat that pets are eating is grass-fed or corn-fed? Why might grass-fed meat be better than corn-fed 
meat? 

 

 
Figure A5. Scale 

Table A1. Data provided for questions 
Code Hair Food Code Skin Shell 
2020EC1 -23.96 -24.33 2020EC15(SB) -18.41 -4.81 
2020EC2 -20.88 -23.25 2020EC16(HG) -19.09 -6.03 
2020EC3 -19.81 -21.50 Code Food  
2020EC4 -15.06 -15.94 2020EC17 -28.23  
2020EC5 -16.09 -19.35 2020EC18 -29.78  
2020EC6 -24.95 -27.06 2020EC19 -23.90  
2020EC7 -14.27 -16.49 2020EC20 -22.54  
2020EC8 -13.74 -16.49 2020EC21 -25.60  
2020EC9 -18.06 -17.49 2020EC22 -19.50  
2020EC10 -14.98 -16.01    
2020EC11 -15.21 -15.59    
2020EC12 -16.32 -19.96    
2020EC13  -19.50    
2020EC14* -28.24 -14.85    
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