
“Hey, Mr. S., can we just go outside today?”

“I’m tired of staying indoors.”

“Sitting at a desk is boring.”

by Callin Switzer

Sound familiar? Even if these exact words 
weren’t spoken, every teacher has seen 
the sentiments expressed nonverbally. In 

response, I decided to add variety to my teach-
ing methods by experimenting with an out-of-
the-ordinary project that would motivate middle 
school students and give them an opportunity 
to do “real” science. I used an approach to 
teaching ecology that combines scientific inqui-
ry with place-based education, hypothesizing 
that it would improve student achievement by 
reversing negative attitudes toward learning in 
science (Milne 2010). I expected this approach 

to help students in a low-income area increase 
their science proficiency on state test scores (Li-
eberman and Hoody 1998; NCES 2011). Group 
projects that use place-based inquiry allow stu-
dents to apply the practices of science, think 
critically, and work collaboratively with peers. 
Students also use the crosscutting concepts of 
Patterns (noticing that many plants bloom syn-
chronously); Scale, Proportion, and Quantity 
(by calculating rates); and Stability and Change 
(by describing the change of ecosystems over 
time) (NGSS Lead States 2013). (See sidebar 
for more connections to the standards.)  
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What is place-based inquiry?
Place-based inquiry is a combination of scientific 
inquiry and place-based education. Many effective 
teachers use inquiry, a long-touted method of teach-
ing science, though it has been developed into in-
structional models relatively recently (Bybee et al. 
2006). Scientific inquiry is defined as studying the 
world to collect evidence and propose explanations. 
With inquiry, students learn concepts and understand 
the ways humans study the natural world (NRC 2012). 
Scientific inquiry is often explained with a 5E teach-
ing model—Engage, Explore, Explain, Elaborate, 
Evaluate—which the following lesson incorporates 
(Bybee et al. 2006). 

Place-based education, like scientific inquiry, is a 
strategy used by effective teachers. Place-based ed-
ucation is similar to field-based education, in which 
students learn through direct experience with an 
environment, rather than through indirect presenta-
tions or textbooks (Lonergan and Andresen 1988). 
Place-based education, however, has a different em-
phasis from field-based education. The former is the 
process of making use of the local environment as a 
starting point to teach subjects across the curriculum, 
using hands-on, real-world learning experiences (So-
bel 2004; Smith 2007). The aims of field-based edu-
cation do not explicitly include applying learning to 
the local environment and community. Place-based 
education also has goals similar to environmental 
education, which “is aimed at producing a citizenry 
that is knowledgeable concerning the biophysical en-
vironment and its associated problems, aware of how 
to help solve these problems, and motivated to work 
toward their solution” (Stapp et al. 1969). Place-based 
education differs from environmental education by 
focusing on a sense of community and identity in a 
place, rather than on environmental improvement. Re-
search suggests that place-based education increases 
achievement and enhances appreciation of the natural 
world (Sobel 2004). 

In this essay, I refer to the combination of scien-
tific inquiry and place-based education as place-based 
inquiry. During this project, students used place-
based inquiry when designing and conducting experi-
ments around the campus. Armed with an Activity 
Worksheet, a grading rubric (Figure 1), and a few 
guidelines, students had the opportunity to study a 

subject that sparked their interest. The grading ru-
bric is adapted to this project, but it may need further 
modification, depending on student projects. Overall, 
students were able to investigate subjects that were 
familiar and to draw conclusions about the ecological 
implications of their project on their school and com-
munity, giving their science a purpose.

Safety precautions
Preparing for an outdoor experiment requires four 
steps: addressing safety, planning for students with 
special needs, getting any necessary help, and filing 
paperwork. A safety contract helps teachers plan for 
safety issues that might arise, such as allergies and 
students’ fears (find a sample contract with the online 
version of this article at www.nsta.org/middleschool; 
see Resources for additional examples of safety con-
tracts). Second, teachers must also plan for students 
with special needs. Discussion with students’ case 
carriers, parents, and administrators will ensure safe-
ty for students with mobility issues, behavioral issues, 
or learning exceptionalities. Planning these modifica-
tions and accommodations before the lesson makes 
learning safer and less stressful for both teacher and 
students. Third, if the class is large or difficult to su-
pervise alone, the teacher can request help from para-
educators, volunteers, or parents. Last, teachers must 
adhere to all school and district guidelines for field 
trips and going outside, including following protocols 
and filing paperwork. These four steps will make the 
inquiry experience safer and less stressful for teach-
ers and students. 

Engage
Spark students’ interest with a “field trip” around 
campus. (Teachers in urban environments may need 
to seek off-campus green space , such as a nearby 
playground, park, or recreation area.) While we 
walked around campus, I instructed students to ask 
as many questions as they could, based on their ob-
servations. Teachers who are worried that students 
may find their campus a bit too ordinary can take 
some time to explore and identify plants and ani-
mals. When students muttered, “Nothing lives here; 
this is boring,” I pretended not to hear and started 
pointing out species of plants. Soon students could 
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USING PLACE-BASED INQUIRY TO INSPIRE AND MOTIVATE FUTURE SCIENTISTS

Score 0 2 4 Your 
score

Teacher’s 
score

Paper 
heading

Missing Partially 
complete

• Name written on !rst page of lab and 
on scoring page

Background, 
question, 
hypothesis

Missing Partially 
complete

• Described the 

 -plants and animals

 -temperature, precipitation, and wind 

 -plants/animals that invade

• Wrote an approved question

• Wrote a hypothesis to test the 
question

Setup Procedure, 
materials, 
constants*, 
variables*, 
and control* 
were missing 

Partially 
complete

• Wrote three correct constants*

• Wrote at least one variable*

• Included a control*

• Included a materials list 

• Included a numbered, step-by-step 
procedure

Data Missing • Data were 
collected.

• Graph or 
data table 
was not 
complete.

• Data section included complete and 
accurate data table* and graph*.

• Graph and table had titles and were 
in color.

• Graph had axis labels and units.

• Graph was very neat and easy to 
read.

Conclusion Missing Partially 
complete

• Restated the original question 

• Stated whether hypothesis was 
supported or not based on evidence 

Follow-Up Missing Partially 
complete

• Named three sources of error

• Named three ways to improve the 
experiment

• Stated one question that related to 
the experiment

Total

*If applicable

Project rubricFIGURE 1
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identify Hordeum jubatum (foxtail barley) and had 
noticed that grass is not just grass—our campus has 
many species—flowers are not just flowers, and bugs 
are not just bugs. At this point, students started ask-
ing questions based on their observations: “What 
kind of flower is this?”; “How much do you think 
this bug weighs?”; “Which bug can run the fastest?”; 
“Why are there so many weeds here?” Students be-
gan to wander away from the group, some chasing 
insects, others trying to identify plants. To encour-
age higher-order thinking at this stage, I encouraged 
students to ask all the questions they could think of 
and instructed them to generate a hypothesis for 
each one. When students are enthusiastically ask-
ing questions and generating hypotheses, this is 
successful engagement. Questions that have impli-
cations for the community are especially interesting 
for students to investigate.

With their interest piqued, students returned to 
the classroom to brainstorm ideas for possible ex-
periments. For this activity to succeed, students must 
generate testable questions. To help them do so, I 
introduced students to the materials that scientists 
commonly use during field investigations—meter 

sticks, metric rulers, hand lenses, field guides, etc. 
(see Resources for instructions for using scientific 
tools). To identify insects, students used simple clas-
sification literature, such as The Bug Book by Hugh 
Danks, or searched for species online at the Amateur 
Entomologists’ Society website; advanced students 
may also want to identify organisms with field guides 
(see Resources). 

Teachers can also break questions into catego-
ries for students to choose from. Students can ask 
questions about measurement (How tall? How wide? 
How heavy?), about comparison (Which plant grows 
faster?), or that are problem-oriented (How can we at-
tract more birds to campus?). In classes that needed 
extra help, the entire class brainstormed ideas before 
the investigation and made a list of possible projects 
together on the board (Figure 2). Within a class 
period, students had gone from “Why are flowers 
yellow?” to “Which plants are flowering on campus 
during the first two weeks of May?” Students who 
brainstormed purposeful questions were generally 
the most motivated. In these classes, I noticed that 
students’ work was more complete and data were col-
lected more carefully. 

Measurement Comparison Problem oriented Miscellaneous

• Plant growth rate

• Plant leaf sizes

• Plant !ower sizes

• Plant !owering times

• Insect weights

• Sunlight intensity

• Insect running speed

• Food consumed by 
different organisms

• Plant diversity from 
different environments

• Insect running speed

• Flying insect diversity

• Bird and mammal 
survey

• Insect diversity from 
different environments

• Insect attraction to 
foods

• Most effective weed 
suppressant

• Where to "nd the most 
signs of animals

• How to attract more 
pollinators

• How to attract more 
bird species

• How to increase the 
number of native 
plants

• Where on campus to 
plant certain plants 
(shade vs. sunlight)

• Protection from 
UV light using a 
UV-sensitive Frisbee 
(www.emc.cmich. 
edu/sunsafety/ 
SSFRMM.htm)

• Water-quality 
monitoring (www.
worldwater 
monitoringday.org)

Project ideasFIGURE 2
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Name: ________________________

Project title: ________________________________

Background 
1. What plants and animals (including insects) live in 

your local environment? 

2. What is the weather like in your local environment 
throughout the year (temperature, precipitation, 
wind)?

3. Are there any animals or plants that “don’t belong” in 
this area? What are they?

4. What question(s) will you try to answer about the 
local environment? 

5. What is your best guess at the answer to your 
question (called a hypothesis)?

Setup
1. What are at least three things that will remain 

constant throughout your project? (Think about the 
environmental conditions.) 

2. What things will you change during your project (if any)?

3. Will you have a control treatment? What will it be like?

Materials (a list of everything you used)

Procedure (the exact steps you will do during this 
investigation; this is done before the project, and the 
teacher checks it) 

Write full sentences. Use numbers, and put the steps in 
the same order you will do them during the project.

Data 
Add pages for extra tables or graphs, if required. Make 
graphs with color.

Conclusion
1. What was the original question you asked? 

2. Does the evidence you collected support or go 
against the hypothesis? 

3. How do you know? (Give evidence.) 

Follow-up
1. Name at least three sources of error in your 

experiment.

2. Name at least three ways this experiment could be 
improved.

3. Name at least one question that you still have 
relating to this experiment. 

ACTIVITY WORKSHEET: A place-based inquiry project

y-
ax

is
 la

be
l

x-axis label
Student work showing “Which plants have the 
largest !owers at this time of year?”
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Working in groups of three or four, students brain-
stormed and decided which question their group was 
going to investigate. Teachers can make sure that 
groups are not investigating the same questions by 
having a brief class meeting during which each group 
submits its top three ideas. The teacher can then dis-
tribute topics fairly and make sure students investi-
gate a variety of approved topics. After the teacher 
approves each group’s question, students start the 
Activity Worksheet. Though each student turned in 
individual work, most of the work was completed 
while conversing and collaborating with other group 
members. The teacher may choose to ask students 
to individually complete some of the data section and 
the conclusion section of the Activity Worksheet.

After groups decided which question to ask, they 
wrote the background information for their experi-
ment as a group (see Activity Worksheet) based on 
previous knowledge. If students lack background 
knowledge, then teachers and students can work to-
gether to complete the background information. I di-
rected students to write a procedure, numbering the 
steps they took to collect data, which ensures that 
students have an appropriate amount of detail. Stu-
dents can also identify the variables and constants in 
their own and each other’s studies. To incorporate 
higher-order thinking skills at this stage, groups can 
trade their proposed procedures and critique each 
other’s projects.  

Students need time to work on this in class, be-
cause organizing collaborative work is very difficult 
for middle school students outside of school. While 
students are reviewing other’s projects, the teacher 
can meet with each group to approve and edit its 
proposed procedure. When procedures are revised, 
which took two one-hour class periods, the teacher 
should take one final look at the proposed projects 
before allowing students to start. This may require 
students to turn in proposed projects and teachers to 
check them before class the next day. Once all of the 
projects are approved, students are ready to move to 
the next phase, the investigation.

Explore 
During the Explore phase, each group collected 
data for its project. Data were collected outside the 

school in a variety of locations (e.g., near sports 
fields, in a weedy ditch, in the parking lot; I enlisted 
paraeducators and volunteers to keep tabs on dif fer-
ent groups). Several groups measured plant traits 
and surveyed plant diversity. They found a sample 
of study plants and repeatedly collected data. Stu-
dents who asked the question “Which flower grows 
fastest?” drew pictures of the species they were in-
vestigating and measured plants with metric rulers 
to calculate average growth rates. Other groups ran 
around the campus swinging nets through grass 
and trees, collecting insects, and tabulating insect 
diversity. One group built pitfall traps to collect ar-
thropods overnight. Students surveying insect di-
versity identified insect orders using online keys on 
their smartphones. (See Resources for free online 
keys and apps available for purchase.) Some stu-
dents placed dif ferent types of cookies next to an 
anthill and recorded the number of ants on each 
cookie at dif ferent times, a project that reinforced 
the idea of a controlled experiment. 

The Explore phase lasted about six school days, 
and it was the most dif ficult one for managing stu-
dent behavior. Fortunately, most students wanted 
to participate, so revoking the privilege of partici-
pation was an ef fective deterrent for inexcusable 
breaches of my rules or the lab safety contract. 
Teachers can plan ahead for misbehaving students 
by asking another teacher for space at the back of 
that teacher’s classroom and providing the teach-
er with makeup work for misbehaving students. 
Although this was for me the most dif ficult time 
for behavior management, research suggests that 
long-term implementation of a similar teaching 
technique can improve student behavior (Falco 
2004). Overall, data collection went smoothly; most 
students had successfully collected enough data to 
analyze by the end of one week.

Some students who were absent or did not finish 
collecting data caught up by copying the data from 
the rest of their group. To accommodate students 
who missed multiple days and requested homework, 
I developed alternative reading assignments. Teach-
ers can modify their own assignments for absent stu-
dents or look at some resources I accumulated (see 
Resources). I also suggest preparing an indoor lesson 
in the case of inclement weather.
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Connections to the standards
In addition to motivating scienti!c thinking, this project could be adapted to cover many science standards. In this 
instance, the project introduced and reinforced nearly all the practices for K–12 science classrooms listed in A 
Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas (NRC 2012). Students 
asked questions, designed and carried out experiments, analyzed and interpreted data, used mathematics and 
computational thinking, and constructed explanations from evidence. The extensions for this project allow students to 
engage in argument from evidence and communicate information meaningfully. 

Teachers can also emphasize many core and component ideas in life sciences, including the following from 
A Framework for K–12 Science Education: Structure and Function (LS1.A), Interdependent Relationships in 
Ecosystems (LS2.A), and Ecosystem Dynamics, Functioning, and Resilience (LS2.C) (NRC 2012). These are the 
corresponding components from the Next Generation Science Standards shown in the table below. 

In addition to these practices, students explore the crosscutting concept Patterns (NGSS Lead States 2013) and 
use biodiversity as a measure of ecosystem health in an effective and memorable way. 

Next Generation Science Standards disciplinary core ideas that connect to this project

Disciplinary 
core idea Description

MS-LS1.B Growth and development of organisms

MS-LS2.A Interdependent relationships in ecosystems

MS-LS2.C Ecosystem dynamics, functioning, and resilience

MS-LS4.D Biodiversity and humans

Understandings about the nature of science from the Next Generation Science Standards that 
can be reinforced by this project

Category Understanding about the nature of science

Scienti!c 
investigations use a 
variety of methods.

• Science investigations use a variety of methods and tools to make measurements and 
observations. 

• Science investigations are guided by a set of values to ensure accuracy of 
measurements, observations, and objectivity of !ndings.

• Science depends on evaluating proposed explanations. 

Scienti!c knowledge 
is based on 
empirical evidence.

• Science knowledge is based upon logical and conceptual connections between 
evidence and explanations. 

• Science disciplines share common rules of obtaining and evaluating empirical 
evidence. 

Scienti!c knowledge 
is open to revision 
in light of new 
evidence.

• Scienti!c explanations are subject to revision and improvement in light of new 
evidence. 

• The certainty and durability of science !ndings varies. 

• Science !ndings are frequently revised and/or reinterpreted based on new evidence. 
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Explain and elaborate
After collecting data, students returned to the class-
room to analyze and draw conclusions. This is where 
students get to explain and elaborate upon their find-
ings. During this phase, students spent one or two 
hours making graphs (Figure 3), writing conclusions, 
and brainstorming extension questions. Students fol-
lowed the Activity Worksheet as a guide through the 
conclusion-writing process. They evaluated their hy-
potheses in light of their newly collected data and cri-
tiqued their lab procedures. Students elaborated by 
telling what their information meant to their commu-
nity or the ecosystem around the school. While brain-
storming follow-up questions, groups often reverted 
to the questions the class originally worked so hard 
to change at the beginning of the project (i.e. What 
makes flowers yellow?). Although those are interest-
ing questions, this project was partly designed to ex-
tend students’ questions to include ecological implica-
tions of their research. With careful guidance, groups 
started describing implications for their community 
and the environment, making their research rele-
vant to others. Some groups wondered why so many 
weeds were growing on the campus, while other stu-
dents asked why insect diversity was lower on cam-
pus than in the surrounding desert. Though students 
didn’t collect data off campus, they used anecdotal 
and personal observation evidence to think of these 
questions. Several groups even posed interdisciplin-
ary questions to address pollution and its effect on 
organisms. To extend learning, the science teacher 
can collaborate with others in a cross-curricular unit 
(Falco 2004; Lieberman and Hoody 1998). Address-
ing real issues makes learning relevant and interest-
ing for students. 

Evaluate
By the end of the assignment, students from a low-in-
come area of the southwestern United States had suc-
cessfully used place-based inquiry to draw ecological 
conclusions about their campus. Before turning in 
their work, they evaluated their own success using a 
rubric (Figure 1). Students also evaluated their inter-
est in particular types of learning by completing a sur-
vey that indicated they were most interested in learn-
ing science by conducting their own experiments and 
investigations. This suggests that this short-term 
project had a motivational and inspirational effect on 

students who engaged in it, helping to combat apa-
thetic attitudes toward learning science.

Extend
To help students extend their learning or keep upper-
level students interested and motivated, this experi-
ence can be extended in three easy ways: presentation 
to community members and classmates at a science 
fair, teaching a math class about statistics and graphs, 
and designing a project to improve the campus. First, 
to communicate their results in a meaningful way, 
students could build an entire science fair entry from 
this experience. The second extension incorporates 
science and math; students present their mathemati-
cal methods to their math class. Last, students can de-
sign a project to make their campus better. For exam-
ple, if students found that the plants growing around 
campus were mostly invasive, they could design a 
project to remove invasive species and reintroduce 
native plants. Although many other extensions exist, 
these are three easy ways to challenge and motivate 
higher-level students. 

To extend this activity for students with other 
special needs, teacher should initially consult with 
students’ case carrier and take specific students’ 
exceptionalities into account. A few examples of 
extensions for students with special needs other 
than giftedness include the following: Students with 
auditory-language difficulty may draw their project 
and make a poster, using pictures rather than words. 
Students with organizational difficulties may be the 
“presenter” of their group—they can work with peers 
to explain the project, without having to assemble an 
outline first. 

Conclusion
Place-based inquiry was successful in motivating stu-
dents to investigate ecology. Students’ effort increased, 
compared to assignments involving reading a chapter 
and answering textbook questions. Although far from a 
complete solution, this project could play a part in com-
bating the unusually low science proficiencies typical 
of low-income communities (NCES 2011). 

In the future, a project like this could be expanded to 
a cross-curricular unit by collaborating with teachers of 
math or social studies, an approach supported by several 
researchers (Falco 2004; Lieberman and Hoody 1998). 
Researchers call this long-term, team-teaching style en-
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vironment as the integrating context. If implemented ef-
fectively, it may not only increase standardized science 
achievement scores (Lieberman and Hoody 1998) but 
also inspire the next generation of ecologists and scien-
tists. Next time students ask, “Can we go outside today?” 
their teacher can respond, “Heck, yes!” ■
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Resources
Field guides and identification
Audubon Guides (apps for iPhone and iPad Touch)—www.

audubonguides.com/field-guides/iphone-ipod-touch.html
Danks, H. 2009. The bug book and bug bottle. New York: 

Workman.
Dichotomous key (separating Arachnida from Insecta)—

www.insectidentification.org/insect-key.asp 
Eaton, E.R., and K. Kaufman. 2007. Kaufman field guide to 

insects of North America. New York: Hillstar.
Insects (Amateur Entomologists’ Society)—www.amentsoc.

org/insects
Kaufman, S.R., and W. Kaufman. 2007. Invasive plants: 

Guide to identification and the impacts and control of 
common North American species. Mechanicsburg, PA: 
Stackpole.

What bug is this? (Amateur Entomologists’ Society)—www.
amentsoc.org/insects/what-bug-is-this

Lab makeup
Lab and project makeup assignments—https://

switzerscience.wikispaces.com/Lab+Documents

Safety
First aid guide—www.healthychildren.org/English/safety-

prevention/at-home/Pages/First-Aid-Guide.aspx
Flinn Scienti!c’s “ideal” student safety contract and 

exam—www.flinnsci.com/teacher-resources/safety/
general-laboratory-safety/flinn-scientific%27s-ideal-
student-safety-contract

Outdoor laboratory safety contract—www.montville.net/
Page/2562 

Outdoor safety: Field studies—http://mdk12.org/
instruction/curriculum/science/safety/outdoor.html 

Rich, S.A. 2010. Outdoor science: A practical guide. 
Arlington, VA: NSTA Press.

Using scientific tools
Bird ID: How to use a !eld guide—www.stokesbirdsathome.

com/birding/id/idpages/id101.html
Everyone knows how to use a ruler, right?—www.wisc-

online.com/Objects/ViewObject.aspx?ID=MSR3102
How to use a hand lens magni!er—www.

compleatnaturalist.com/Catalog_Category_pages/how_
to_use_a_magnifier.htm

How to use binoculars—www.birdwatchersdigest.com/
bwdsite/explore/optics/howtousebinoculars.php

Science lab techniques (measuring volume and mass)—
http://staff.tuhsd.k12.az.us/gfoster/standard/labeq3.htm

Callin Switzer (cswitzer@fas.harvard.edu) is a 
graduate student in the Department of Organis-
mic and Evolutionary Biology at Harvard Univer-
sity in Cambridge, Massachusetts.
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