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ABSTRACT

High school biology students are provided few classroom opportunities to
learn natural history or to see themselves as scientists. This poses a risk to
their gaining the basic knowledge needed to play a positive role in the bio-
diversity crisis. However, science-as-practice in the classroom introduces the
opportunity to equip students with knowledge of the natural world while they
cultivate the practices and mindsets of science. Collaborations between teach-
ers and local researchers can support students in becoming the scientifically
literate citizens society will need to address threats to our environment and
biodiversity. In this article, we present a semester-long science-as-practice
plant biodiversity unit we have developed as collaborating scientists and
educators. The unit entails three components: (1) a strong, even-handed col-
laboration between teachers and researchers; (2) an open-ended, science-
as-practice approach; and (3) a local biotic community, which serves as an
empirical study system. The project melds student-guided research with tar-
geted instruction and research mentorship. Through their work, students see
themselves as scientists.

Key Words: student research; experimental design; ecological restoration;
botany; AP Biology; scientific process.

O Introduction

Humans are changing global ecosystems and
eroding biodiversity (La Sorte et al., 2014;
Loreau et al., 2022). It is remarkable that in
the midst of this biodiversity crisis, standard
high school biology classes provide students
little training in botany and natural history
(Kramer & Havens, 2015) and the important
role that they can play in improving local bio-
diversity through ecological restoration and
gardening at their own homes (Lin, Egerer,
& Ossola, 2018; Narango, Tallamy, & Shrop-
shire, 2020). In the experience of the AP Biology teachers writing
this paper (JG, PM), many biology lessons also do not fully exer-
cise the skills of inquiry, interpretation, and argumentation. These

If students don’t
understand why it is
valuable to learn a
concept, they are more
apt to resist learning it.

scientific skills, coupled with knowledge of the natural world, will
be needed to address ecological challenges.

In an effort to foster curiosity and scientific inquiry about
the natural world, four of us—JG and PM as teachers, AH and
MH as researchers—formed a scientist—educator team in 2013.
Our goal was to mentor students in the practices of plant bio-
diversity science. From the outset, our work followed what has
been described as the Classroom-Research-Mentoring Frame-
work (Cooper & Bolger, 2024). The AP biology teachers (JG, PM)
joined a research lab group (AH, MH), where they gained training
in specimen-based research and co-developed training materi-
als for the classroom. The researchers (AH, MH) taught scientific
practices in the classroom alongside the teachers and mentored
students in data-gathering, analysis, and interpretation. All four
co-mentored the students through a semester-long independent
project.

This initial work focused on plant evolutionary and morpho-
logical diversity of a single group of plants—sedges, the genus
Carex—using museum specimens. Our collaboration entailed two
key components: (1) even-handed collaboration between teach-
ers and researchers, in which responsibility for teaching and
mentoring is shared; and (2) an open-ended science-as-practice
approach, in which students design their own study and gather
novel data to address their questions over the course of a semester-
long independent study. Our first three years demonstrated that
students could gather research-quality data
and that participation in the semester-long
unit increased their concept of themselves as
scientists. However, students’ understanding
of plant biodiversity changed relatively little
(Hahn et al., 2016).

We sought to remedy this by adopting a
third project component: (3) a local biotic
community—the tallgrass prairie—in which
to provide training in scientific practices
centered on biodiversity science. This article
introduces our collaboration between practicing scientists (RSB,
MH, EL, AH) and AP Biology teachers (JG, PM). We have imple-
mented the described project in 3 to 5 sections of AP Biology each
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fall semester since 2013 (totaling 65 to 120 students each year).
While the approach we present here is situated in the tallgrass prai-
rie, the components of our collaboration and our goals of enabling
students to do natural science and increasing their understanding
of the natural world are sufficiently flexible to fit many contexts.

O The Three Components
(1) Collaboration

Our project starts with collaboration between scientists and teach-
ers. From the beginning, we have emphasized that all partners be
involved in the science, teaching, and mentorship. To facilitate
this, the teachers (JG, PM) have each spent several weeks with the
researchers, working on active research and co-developing teaching
ideas and modules. The researchers in turn spend ample time in the
classroom co-mentoring with the teachers. Teachers bring expertise
in translating and contextualizing knowledge, mentoring students,
and recognizing what students need to keep their work progressing.
Scientists bring expertise in the practices of science—experimental
design, data visualization and analysis, formulating hypotheses—
and the local biotic community. The scientists are uniquely able
to model enthusiasm for science and empower students by recog-
nizing and treating the students as scientific peers, modeling the
connection between practice and understanding (Manz, Lehrer, &
Schauble, 2020). Our collaboration required about three to four
weeks per year of the scientists’ time to establish the collaboration;
after the first two years, it has taken about 7 days during the fall
semester and about 2 days during the summer for planning. But
collaborations may require even less time: if a researcher is willing
to spend a field trip working with students to understand a natural
area and gather data in it, then a second to discuss students’ inde-
pendent research ideas with them, the collaborating teachers could
potentially fill in the rest.

The collaboration does not end with the teachers and scientists.
Students start each semester as learners, mentored in the processes
of hypothesis generation, data-gathering, analysis, and presenta-
tion. Then, they join the teachers and the researchers as collabo-
rators. The teachers and researchers help the students to ask and
investigate questions of their own choosing and decide how they
will build their studies. The researchers, teachers, and students
jointly evaluate the scientific merits of their questions, while the
teachers ensure that grades are assigned in keeping with curriculum
standards.

(2) Open-Ended Science-as-Practice Approach

We first model and then mentor the students in four NGSS / NSTA
Science and Engineering Practices (https:/ngss.nsta.org/Practices-
Full.aspx):

1. Asking questions and defining problems. Our project
provides students numerous opportunities to ask precise
questions that are testable with their data. We emphasize
that good questions move a research program—even a
single study—from one stage to the next. Our goal is for
students to identify and recognize interesting questions that
can be addressed with their data.

2. Planning and carrying out investigations. Beginning
in a local experimental prairie restoration, we introduce
key elements of experimental design, then revisit these
repeatedly as students map out their experiments. Our goal

is for students to understand the tight connection between
hypotheses, experimental design, and data.

3. Analyzing and interpreting data. We introduce the
practices and tools of data visualization and quantitative
reasoning as ways of exploring the narratives embedded in
data, and data analysis as a way of assessing the support
for hypotheses. Our goal is for students to understand that
different hypotheses imply different patterns in their data.

4. Obtaining, evaluating, and communicating information.
Throughout the semester, we mentor students in
contextualizing their research based on others” work. We
probe why their question is important, what they did,
what they found and expected to find, and what their
findings mean. At the end of the semester, they present
their work. Our goal is for students to understand that
science is a cyclical process that thrives on evolving
dialogue. Presenting work is a vehicle to opening the next
conversation.

Within these practices, we provide students with ample oppor-
tunities to work with real plants, make observations, and grapple
with questions about how their actions and their research can
improve the human and non-human world. By engaging in these
practices with students, they learn these skills as practices rather
than lessons.

(3) Local Biotic Community

Tallgrass prairie is one of the most endangered ecosystems in North
America: less than 0.01% of the original tallgrass prairie remains
intact in Illinois (Iverson, 1988). Yet tallgrass prairie supports
high diversity at both landscape and local scales, where average
plant species’ richness may exceed 17 species in a single 0.25 m?
plot (Bowles & Jones, 2004). It is also one of our dominant local
ecosystems.

In the first two years of our prairie work with students, stu-
dents collected data in a prairie remnant that is embedded in their
neighborhood. In 2017, we shifted our work to a prairie restora-
tion experiment that we (EL, RB, AH) helped design, install, and
maintain. The prairie provides many roads to student research
and is grounded in our own research, but the empirical system
for this work could be a garden plot, a forest preserve, or a weedy
field. The key elements are that it be accessible and amenable to
study.

O Lesson Details

Note: Supplemental Materials are available with the online version of
this article.

Our semester-long unit involves six or seven face-to-face meetings
between the scientists and the students in the field, classroom, and
lab. This semester project has been run with up to five sections
of twenty eight students for each of the last ten years. The class
periods for lectures and labs have ranged from 50 to 80 minutes,
as our school has shifted from standard periods to block periods.
Logistically, we have found it easy to scale up to five classes (all
meeting on the same day) because the prep for each class is the
same. The semester is composed of empirical study in the field and
lab (Activities 1, 3), experimental design and data analysis (Activi-
ties 2, 4), execution of an independent project (5), and presentation
of results (6) (Timeline: Supplement 1). In this way, the semester
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mirrors essentially all aspects of a full scientific study, from literature
review to publication.

For each activity below, we identify learning objectives
addressed by the activity and timing required for our implemen-
tation. For some activities, we suggest potential variants that may
help in generalizing the activity to contexts and study systems other
than our own. Our goal in outlining this work is not to replicate
what we do in other places: it is to share what we have learned
through this project about making science concrete and local, in
the hopes that others can implement projects that work well in their
own local contexts.

Activity 1: Introducing Prairies & Ecological
Experimentation

The semester begins with a late August visit to our field experi-
ment at The Morton Arboretum, which is designed to test how
plant diversity affects ecological restoration outcomes (Hipp et
al., 2018). Students read a handout (Supplement 2) before they
arrive that introduces the experiment and gives them a structure for
their data collecting. While the experiment connects closely to our
shared interests, values, and current research, the scientific benefit
to the students could be achieved with a visit to essentially any
field or garden experiment, or even a forest plot where the students
gather data. The goals of this activity are to introduce students to a
local biotic community, get them thinking about questions regard-
ing local ecology, and illustrate how experiments are designed to
address specific questions.

In most years, students measure plant height as a proxy for pro-
ductivity. We ensure that students work in groups and train them in
collecting data. As they are collecting, the teachers, several research
interns, and the researchers circulate among the student groups,
checking in, asking questions, and ensuring that data are collected
accurately. As students complete their work gradually and at differ-
ent times, we encourage them to take the extra time to make aux-
iliary observations, take photos of the experimental prairie, or ask
questions about the experiment. Many of their post-data-collection
observations inform questions they choose to investigate in their
independent work.

Learning objectives: (1) understand the study system and its
history, (2) examine experimental design in the field, and (3) learn
to gather data. Potential variants: collect data on plant diversity
in a nearby old field, wood lot, or garden, and focus experimental
design discussion on how to sample vegetation; or work with local
researchers to identify an ecological or agricultural experiment in
which data could be gathered safely, and build in time to learn how
that experiment is laid out to address the questions. Time / place:
Y2-day field trip; in our project, all students arrive together in 1-2
school buses, and the researchers bring together interns to help
support interpretation and data collection.

Activity 2: Data Analysis & Connections

Prior to the second activity, students enter their data into a shared
spreadsheet (we use Google Sheets, but any other shared data plat-
form would work; Supplement 3). Once data are entered, they are
shared with the scientists and students. The scientists graph the
data, as do the students. As our experiment has plots that are paired
in two different experimental blocks, one on the east half and one
on the west half of the experiment, we pose a simple question: are
plants taller in the east or the west block? We encourage the stu-
dents to represent the data however they like at this point, with the

goal being to clearly visualize the answer to just the one question.
It also primes them for a discussion about how data representation
mirrors the questions we are asking.

In class, a few groups share their representation, then one of the
collaborating researchers walks through how they chose to visualize
the data. To ease with interpretation, we emphasize two basic types
of quantities that underlie almost all hypotheses the students pro-
pose and the statistical methods needed to assess those hypotheses:
differences among groups of individuals and correlations between
different measurements. We introduce and demonstrate three sets
of statistical tools: Student’s t-test and ANOVA to test for differ-
ences, with boxplots and histograms to visualize differences; Pear-
son’s product moment to test for correlation, with scatter plots to
visualize correlation; and confidence intervals and p-values as ways
of assessing the biological and statistical significance of results. We
provide worked examples after the students have worked through
the data themselves, including an explanation of the statistical
approaches and code that students can use to graph data themselves
if they are inclined to move beyond spreadsheets (Supplement 4).
The particular statistical level and approaches needed will differ
from lab group to lab group depending on their independent proj-
ect, so this lecture simply introduces possible ways of approaching
data. As students need to implement these or other statistics in their
research, they work in small groups with their teachers to do so, in
consultation with the scientists as needed. Learning objectives: (1)
gain experience manipulating and analyzing tabular data; (2) appre-
ciate the increased accuracy and precision that comes from shar-
ing data, and the responsibility of all participants to generate data
that all can use with trust; and (3) understand that different ques-
tions and data types demand different kinds of statistics and data
visualizations. Potential variants: It is not important that students
master statistical methods for this project, but that they understand
that data visualizations and statistics (like the examples provided
in Supplement 4) help make interpreting data easier. They connect
patterns in the data to the hypotheses we want to test. Time: one
class period

Activity 3: Quantifying Diversity & Function

In this activity students quantify seed morphology and diversity and
learn about the biology of seed germination (Supplement 5). We
purchase seeds of 35 different native prairie species. Each lab group
is given seeds of three or four species to measure and grow in the
classroom. For each seed, students record mass, shape, and time
from planting to germination. We ask students to suggest hypoth-
eses about how differences among seeds of different species might
influence dispersal, competitive ability, or germination. We use this
opportunity to guide students in dialogue about what questions
their data are well suited to address, either with or without addi-
tional data collecting. Lab groups from all sections of AP Biology
share their data using Google Drive. These shared data can be used
as raw data for testing hypotheses or to help students identify spe-
cies for further experiments. Learning objectives: (1) understand
that biologically significant traits vary within and among species,
and (2) reinforce the power of and responsibilities demanded by
group science. Time: two class periods

Activity 4: Designing an Experiment

In a classroom visit, the scientists provide a more detailed intro-
duction to the experiment that the students visited and collected
data from in Activity 1. Through a presentation (Supplement 6) and
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subsequent discussion, we reinforce the data analysis principles pre-
sented in Activity 2 and experimental design elements introduced
in Activities 1 and 2 (replication, randomization, blocking). We
follow this with a whiteboard discussion of experimental design,
illustrating how experiments are designed to address hypotheses.
Learning objectives: bring together students’ understanding of the
connections between hypotheses, experimental design, and data
analysis, so that they have all elements in mind as they design their
independent projects. Time: one class period plus homework time
to plan experiments

Activity 5: Executing a Small-Team Independent
Project

The core activity of the semester is for student lab groups to design
their own observational or experimental study. While their studies
are too small to generate publications, students address questions
that in many cases are at the boundaries of scientific understand-
ing: students have, for example, asked how evolutionary history
affects competitive interactions between species and how com-
munity diversity affects growth rates. Other questions are strongly
applied: some student projects have included studies of road salt or
topsoil quality effects on plants and several have addressed propa-
gation questions that would be of direct relevance to establishing
a small prairie. While their studies are all related in some way to
the empirical system—tallgrass prairie and its plants—students are
encouraged to follow their passion and find interesting questions.
The activity has several key components:

e Selecting a question and relating it to gatherable data.
We work with students at this stage to identify questions
that are interesting to them, relevant to the system they are
studying, and addressable with data that they can gather in
the lab or field. Students fill out a checkpoint (Supplement
7) that articulates their questions, hypotheses, and
experimental ideas. These are then reviewed in class with
teachers and the collaborating scientists. During this time,
we engage the students in dialogue about what data they
need to test their ideas and how the questions relate to the
biology of the system.

e Planning. Once they have a question and a general setup
in mind, students plan their experiments and review
their plans with both their teachers and the collaborating
scientists. They prepare for a review of their plan with
a second checkpoint (Supplement 8). At this stage, we
reinforce elements of experimental design (blocking,
randomizing, replication) as needed and work closely with
the students to ensure that the project they are planning is
feasible and that the data have a potential to address their
question.

e Setup and execution of study. Students have class time,
space, and materials needed to set up a wide range of tiny
greenhouse experiments within our classroom (in flats,
under fluorescent lights), as well as a range of seeds to
choose from. This section of the work is mostly conducted
independently, with support during check-ins with the
teachers.

* Midcourse reviews. Soon after setup, then again two
weeks to a month later, the students meet with the
collaborating scientists to review their progress and make
mid-course corrections. It is not unusual to reset some

experiments in the first check-in or to adjust things even
at the second. The check-ins are designed to help students
optimize their project within the constraints of space,
resources, and time.

Learning Objectives: (1) integrate what students have learned
about experimental design, data collection, data analysis, and
graphical representation of data; (2) gain mentorship from their
teachers and collaborating scientists at nearly every step of the proj-
ect. Time: 5-6 class periods, homework time, and 5-10 minutes
per class period to check experiment progress

Activity 6: Interpreting and Communicating Outcomes

The capstone event for the semester is a poster presentation, in
which the students present their project to the scientists, their
teachers, and outside teachers and administrators. The setup is
like a poster session at a conference or science fair. Students struc-
ture their poster much like a scientific paper, with introduction,
methods, results, and discussion or conclusions. They are evalu-
ated based on a clear rubric (Supplement 9) on the quality of their
poster, their explanation of their project, and a peer evaluation
(Supplement 10). For the research itself, students are evaluated on
connection of their work to past research, execution of the experi-
ment, and interpretation of their results.

The poster day is a highlight of the semester. Teachers, secretar-
ies, and administrators from across the school help evaluate student
presentations over the course of each class period. Evaluators move
around between lab stations—each set up with a poster—Ilisten to
project discussions, and ask questions. Presentations are limited
to seven to ten minutes with two to three minutes for questions
and answers. Scores from volunteer evaluators (Supplement 11) are
averaged for a final grade for the group on one day and peer evalu-
ations are completed the next day.

Learning objectives: (1) gain experience presenting, discuss-
ing, defending, and admitting the limitations of their work; (2)
engage in scientific dialogue, with researchers who have a strong
interest in similar questions; (3) get a taste for the scientific life.
Time: one to two class periods to prepare poster; one period for
presentations

O Conclusion: After the Semester
Is Done

The heart of our project is what makes it most valuable to all par-
ticipants, ourselves included: we enter into a collaboration with
the students. As researchers and teachers, we are surprised and
delighted at what students come up with each semester. Most stu-
dents in our AP Biology classes are seniors, yet few of them have
been involved in scientific research. Most have never designed
their own experiments. Almost all are accustomed to knowing the
right answer most of the time. Independent research can be frus-
trating for them, as they find that there is no script or standard-
ized lab manual for real science. They learn through this work to
trust themselves in formulating interesting hypotheses, designing
experiments, and interpreting and communicating their results.
They learn through direct experience that no one, not even the
researchers, knows what the outcome of a real experiment will
be. Together, the researchers and teachers invite the students
into the scientific community through teaching, mentorship, and
encouragement.
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The process we present here could be adapted to many local
ecosystems. We consider knowledge of local ecosystems paired with
scientific skills invaluable in helping students to make a positive
impact on biodiversity. Moreover, using the context of their own
natural habitat provides a bridge to biological concepts that show
up elsewhere in the biology semester. For example, many students
get lost in the vocabulary of cellular energetics. Tying dynamics at

NGSS - HS - LS2-6

Disciplinary Core Ideas: (LS2.A, LS2.B, LS2.C, LS2.D, LS4.D,
ETS1.B)

Cross cutting concepts (cause and effect, stability and
change, systems and system models)

Science and engineering practices: (Asking questions,
Engage in argument through evidence, Obtaining
evaluating and communicating information, Constructing
explanations, Analyzing and interpreting data, Planning
and carrying out investigations)

Figure 1. NGSS connections.

In addition to the primary goals of the project, we
consistently see three auxiliary outcomes of our
collaboration:

« Caring for the land. In the spring of 2020, the high
school planted a small experimental prairie on
nearby municipal land (with the help of a grant from
the Illinois Department of Natural Resources). This
provides students a home for the plants they grow in
class and a sense of care for the land. Almost all the
students love to take care of their plants, and many
help tend the school prairie.

» Practical experience. We receive twenty or more
emails a year from undergraduate students who took
AP Biology with this semester-long research project
as part of their curriculum. The students continually
express thanks for their experience, which sets them
apart from their peers both for opportunities to
work in various labs and their own college course
work. “l know how to set up my own experiments
and conduct data analysis way better than any of
my friends.” “l got a job working in the lab over the
summer because of the experience | had with the
prairie project!”

o Enthusiasm for the natural world. In the year-end AP
Biology course survey, many students call out the first
semester research project. “I really enjoyed working
with Dr. Hipp and being able to grow our own plants.”
“I notice prairie plants so much more around the
neighborhood because of this class.” “I really enjoyed
the field trip to the Morton Arboretum and venturing
through the prairies in our neighborhood.”

Figure 2. Auxiliary outcomes.

the level of plant cells back to growth and competition in the tall-
grass prairie community has helped students see how biological
processes cut across scales of biological organization. Photorespira-
tion makes sense to our students in a new way when we are able to
point to the plants they are growing in the classroom and also look
at those growing outside their school and homes. If students don't
understand why it is valuable to learn a concept, they are more apt
to resist learning it.

We encourage teachers interested in this approach to seek out
research collaborators. Consider local universities, community col-
leges, forest preserves, industry, extension offices, and nonprofit
research institutes. It may take a while to find someone you can
work with, but the benefits of long-term collaboration are great.
Every year, we change how we teach, learning from one another as
teachers and researchers and honing our ability to engage in pro-
ductive science dialogue with the students (Enderle et al., 2023).
The benefits accrue year after year: whatever career path they
choose going forward from our class, students come away having
practiced being scientists all semester (Figure 2). Students gain
competence supporting statements with evidence and learn that it
is okay not to find the answer they expected to find. They learn
what it means to conduct research on an untamed system. In the
process, they gain habits of open-ended inquiry and critical think-
ing that will continue to grow into life-long skills even after they
leave the classroom.

References

Bowles, M. L., & Jones, M. L. 2004. “Long-term changes in Chicago region
prairie vegetation in relation to fire management.” Chicago Wilderness
Journal, 2(2), 7-16.

Cooper, A. C.,, & Bolger, M. S. 2024. “The classroom-research-mentoring frame-
work: A lens for understanding science practice-based instruction.”
Science Education, 108(1), 275-307. https://doi.org/10.1002/sce.21835

Enderle, P, Roberts, K., Schellinger, J., Morandi, S., Krishnan, H., Kaya, S., &
Southerland, S. 2023. “Examining interactions between collaborative
professional development, science, teachers’ knowledge, and students’
reasoning.” American Educational Research Association Annual Meeting.
https://par.nsf.gov/biblio/10422118-examining-interactions-between-
collaborative-professional-development-science-teachers-knowledge-
students-reasoning

Hahn, M., Budaitis, B., Grant, J., Wetta, D., Murphy, P, Cotton, A,, Pham, K., &
Hipp, A. L. 2016. “Training the next generation of sedge taxonomists:
School kids tackle sedge morphological diversity.” Systematic Botany,
41(3), 540-551. https://doi.org/10.1600/036364416x692479

Hipp, A. L, Glasenhardt, M.-C., Bowles, M. L., Garner, M., Scharenbroch, B.
C., Williams, E. W,, Barak, R. S., Byrne, A, Ernst, A. R, Grigg, E., Midgley,
M. G., Wagreich, H., & Larkin, D. ). 2018. “Effects of phylogenetic diver-
sity and phylogenetic identity in a restoration ecology experiment.” In
R. A. Scherson & D. P. Faith (Eds.), Phylogenetic diversity: Applications
and challenges in biodiversity science, 189-210. Springer International
Publishing. https://doi.or¢/10.1007/978-3-319-93145-6_10

Iverson, L. R. 1988. “Land-use changes in Illinois, ASA: The influence of land-
scape attributes on current and historic land use.” Landscape Ecology,
2(1), 45-61. https://doi.org/10.1007/BF00138907

Kramer, A. T., & Havens, K. 2015. “Report in Brief: Assessing Botanical Capacity
to Address Grand Challenges in the United States.” Natural Areas
Journal, 35, 83-89.

LaSorte, F. A., Aronson, M. F.)., Williams, N. S. G, Celesti-Grapow, L., Cilliers, S.,
Clarkson, B. D., Dolan, R. W,, Hipp, A, Klotz, S., Kiihn, I, Pysek, P, Siebert,

D

THE AMERICAN BIOLOGY TEACHER

VOLUME 87, NO. 4-5, APRIL/MAY 2025


https://doi.org/1
https://par.nsf.gov/biblio/10422118-examining-interactions-between-collaborative-professional-develo
https://par.nsf.gov/biblio/10422118-examining-interactions-between-collaborative-professional-develo
https://par.nsf.gov/biblio/10422118-examining-interactions-between-collaborative-professional-develo
https://doi.org/10.1600/036364416x692479
https://doi.org/10.1007/978-3-319-93145-6_10
https://doi.org/10.1007/BF00138907

S., & Winter, M. 2014. “Beta diversity of urban floras among European
and Non-European Cities.” Global Ecology and Biogeography, 23(7),
769-779. https://doi.org/10.1111/geb.12159

Lin, B. B., Egerer, M. H,, & Ossola, A. 2018. “Urban gardens as a space to
engender Biophilia: Evidence and ways forward.” Frontiers in Built Envi-
ronment, 4, 79.

Loreau, M., Cardinale, B.J., Isbell, F., Newbold, T., O’Connor, M. I, & de Mazan-
court, C. 2022. “Do not downplay biodiversity loss.” Nature, 601(7894),
E27-E28. https://doi.org/10.1038/s41586-021-04179-7

Manz, E., Lehrer, R., & Schauble, L. 2020. “Rethinking the classroom science
investigation.” Journal of Research in Science Teaching, 57(7), 1148—-1174.
https://doi.org/10.1002/tea.21625

Narango, D. L., Tallamy, D. W., & Shropshire, K. J. 2020. “Few keystone plant
genera support the majority of lepidoptera species.” Nature Communi-
cations, 11(1), 5751. https://doi.org/10.1038/s41467-020-19565-4

JEFFREY GRANT (jgrant@csd99.org) and PATRICK MURPHY (pmurphy@
csd99.org) are both educators at Downers Grove North High School in
Downers Grove, lllinois. REBECCA S. BARAK (rbarak@chicagobotanic.

org) is a conservation scientist at Chicago Botanic Garden in Glencoe,
Illinois. MARLENE HAHN (mhahn@mortonarb.org) is a plant systematics
program manager, EMMA LEAVENS (eleavens@mortonarb.org) is a research
coordinator,and ANDREW L. HIPP (ahipp@mortonarb.org) is a senior
research scientist at The Morton Arboretum in Lisle, Illinois.

Help your students overcome science
misinformation and disinformation.

NCSE

National Center for
Science Education

UPCOMING NCSE EVENTS

Grand Forks, ND
June 17-18

Athens, GA
June 20-24

Nashville, TN
July 10-14

THE AMERICAN BIOLOGY TEACHER

COLLABORATION TO CULTIVATE THE PRACTICES OF SCIENCE @


https://doi.org/10.1111/geb.12159
https://doi.org/10.1038/s41586-021-04179-7
https://doi.org/10.1002/tea.21625
https://doi.org/10.1038/s41467-020-19565-4

