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cience taught through authentic and relevant
scientific investigation provides a valuable and
long-lasting learning experience for students
(Donovan and Bransford 2005; Wilkinson 2003;
Zaikowski and Lichtman 2007). When students pose their
own research questions and collect the data needed to an-
swer them, they discover firsthand how to directly apply
concepts covered in the classroom. Many science educa-
tors seek models to engage students in relevant scientific
research that use local resources and link students to their
communities (Sedlacek et al. 2005; Stone 2007; Zaikowski
and Lichtman 2007; Tompkins 2005; Walters et al. 1998).
To address this need, the University of Montana
(UM)-Missoula has implemented a problem-based
program in which students perform scientific research
focused on indoor air pollution. The Air Toxics Under
the Big Sky program (Jones et al. 2007; Adams et al.
2008; Ward et al. 2008) provides a community-based
framework for understanding the complex relationship
between poor air quality and respiratory health outcomes
by teaching students chemical, physical, and health con-
cepts in the classroom setting. In addition to designing
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Measuring rural indoor air quality and

1ts impact on the community

controlled experiments, students are guided through the
process for conducting independent research projects to
explore a real-world issue in their communities.

Program overview
Developed in 2003, the Air Toxics Under the Big Sky

program is a collaborative endeavor among high school
science teachers and scientists at UM’s Center for En-
vironmental Health Sciences (CEHS) and Department
of Chemistry. It began when a local chemistry teacher
sought the assistance of UM researchers to address a stu-
dent’s curiosity about air toxics.

Through the collaboration, high school science students
are guided through independent research projects that in-
volve rural indoor air quality—an environmental “problem”
in their communities. As word of the program has spread, so
has interest in participation. One key criterion for accepting
teachers is whether air pollution levels in their communities
persistently exceed the national ambient air quality standards
set by the Environmental Protection Agency (EPA) (see
“About particulate matter,” p. 42). To date, over 400 students
across seven counties, two states, and two American Indian
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reservations have completed the curriculum and conducted

indoor air quality research that has resulted in an overall
heightened awareness of its impact on our health.

DustTraks

Each school participating in the program is issued a Dust-
Trak, a portable, laser photometer with real-time mass
concentration readout and data-logging capability. These
units are battery operated and can record data over a 24-
hour period at a rate of 1 reading/min. Student researchers
collect indoor particulate matter (PM,,) measurements,
download the data to a computer, and immediately analyze
and interpret their data by viewing average, maximum, and
minimum concentrations. Students use these DustTraks
to compile and analyze the data used in their independent
research projects. The results help them address the “prob-
lem” of indoor air quality in this problem-based project.
Although DustTraks cost a little over $5,000, we have
not found the purchase price to be a stumbling block, as
both UM researchers and participating teachers have been
successful in securing funding from private foundations
(see “Acknowledgments,” p. 45). It should also be noted
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that the DustTrak requires no additional expenses, such as
shipping samples off for lab processing. If cost does at some
point become a consideration, program participants can use
databases of PM, _ levels recorded by others in the program.
In addition, teachers have shared the equipment with sci-
ence classrooms at other schools, which enhances the col-
laborative, integrative nature of the research program.

Teacher workshops

The program takes a systematic approach to professional
development as a way to expose teachers to inquiry-
based learning and to familiarize them with curriculum,
equipment, and auxiliary materials. Program teachers
are invited to attend two summer workshops at UM. In
these workshops, CEHS researchers provide information
regarding indoor air quality and its relation to respira-
tory health and model the integration of the program into
the regular chemistry curriculum. Teachers also receive
hands-on experience with smallscale chemistry and geo-
graphic positioning system labs. Both workshops include
assessment sessions in which teachers discuss various as-
sessment tools—both formative and summative—that




best match program objectives.

Following the summer workshop, the academic year be-
gins with a program description that is sent from the teach-
er to students’ homes. This is followed by comprehensive
training provided by UM researchers within the schools on
how to operate the DustTrak. Students are provided with
step-by-step protocols not only on how to collect samples
but also on where to collect samples, how to clean the in-
strument, and how to zero/calibrate the instrument. All of
the quality assurance and quality control steps are included
in the protocols to ensure that students collect high-quality
data following UM-approved methodologies.

In the community

Families continue to be involved in the program through-
out the year as their children bring home the DustTrak,
review the protocol, monitor indoor air quality, complete
activity sheets, answer questions, and lead discussions.
Since the ultimate goal of the Air Toxics Under the Big
Sky program is to improve respiratory health, students
are encouraged to share their findings with members of
their communities. This is accomplished at the end of
the academic year, when students present their results at
the annual UM symposium. At this event, students from

About particulate matter.

Due to their topographic characteristics, communities
throughout Montana and Idaho often experience el-
evated concentrations of particulate matter (PM, ) during
the winter and early spring as a result of temperature
changes and residential woodstove use. PM, refers to
airborne particles that are < 2.5 microns in aerodynamic
diameter and therefore most likely to pass into the lungs
and potentially cause respiratory problems. Additionally, a
new trend of elevated PM, , levels in summer months has
been observed over the last decade due to the growing
frequency of catastrophic forest fires.

Although PM,, measurements are routinely made in the
outdoor environment, little information exists on the con-
centrations of indoor PM_, in this region of the country
during these seasonal periods. The information that does
exist shows that elevated concentrations of PM,  can lead
to adverse health effects (Dockery et al. 1993; Heath, Pope,
and Thun 1995; Pope, Dockery, and Schwartz 1995; Pope
et al. 1995; Schwartz, Dockery, and Neas 1996; Laden et
al. 2000; Pope 2000). However, these studies have mostly
been conducted in urban settings. The Air Toxics Under
the Big Sky program is unique in that indoor air data is
evaluated in rural communities with the hope of creating
changes that will improve respiratory health. The major
focus has been in rural areas for two reasons: The majority
of communities in Idaho and Montana are rural communi-
ties, and there has been little research accomplished in
monitoring levels of PM,, in these communities.
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multiple schools present their research before their peers,
teachers, university scientists, industrial representatives,
and members of county, state, and federal government.
Crews from the local television stations are on hand to film
the event for later airing and broader community access.

Although the program’s purposeful inclusion of the
community has proved to be a successful way to address
our overarching mission, it has also been our experience
that individual schools have devised innovative and effec-
tive ways to further augment the public take-home mes-
sage for their communities. A few examples are provided
in the “Case studies” section.

Student safety

Safety standards for this project are set through the school
and UM Institutional Review Board processes to clarify the
aims of the research project and minimize any risk to par-
ticipants. It is important to note that the DustTrak does not
emit a laser light during operation. The light-scattering la-
ser photometer is enclosed inside the DustTrak, so there is
no risk of exposure to the laser. See “Safety notes” for more
on student safety and teacher responsibility.

Case studies

The following case studies provide examples of indepen-
dent student research projects. The results of these proj-
ects were shared with the class, school, and community
through the UM symposium.

Case study 1: Home heating systems compared

One student research group sampled three different heat
sources in the home—pellet, propane, and woodstoves—
to determine which produced higher levels of PM, ..
The experimental controls included sampling at varying
distances from the heating source and controlling for
time and temperature. Findings supported the group’s
hypothesis that, of the three, the propane stove produced
the least amount of PM, .. This proved to be an effective
learning experience for the students regarding indoor air

Safety notes.

Any science activities requiring work out of the &
school instructional site (e.g., science classroom)— cadTion
such as the home or another classroom—assigned by the
teacher carries a “duty of care” legal responsibility. The
teacher should provide written communication about the
activity and possible safety issues or concerns, along with
proper operation protocols for the supervising adult (i.e.,
parent, another teacher). If students are hurt while carrying
out an activity that proves to be unsafe, the teacher may
be liable should there be legal implications. For example,
if a student is burned while working near a woodstove in
carrying out the science activity, this is not only a safety
issue but also a legal one.
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quality, as they began to understand how their data were
influenced by other factors they had not considered before
designing their research projects (e.g., small sample size,
age of the tested homes).

The class devised ways to let area residents learn about
indoor air quality through multiple newspaper features
and an evening open house at which students presented
their research to their families and other residents of the
rural community. A side benefit of the students’ efforts
was that a prominent environmental health scientist from
Mount Sinai Hospital in New York learned of their studies
and made a special visit to their class, where he discussed
recent research concerning asbestos-related diseases.

Case study 2: School heating, venting, and
air conditioning practices improved

Another group of student researchers decided to inves-
tigate their school’s wood and metal shop to determine
if it contained high PM,_ concentrations and if levels
varied throughout the day. Air samplers were mounted
at various locations and heights around the shop to mea-
sure PM, . concentrations in different areas. The units
indicated where concentrations were highest, when those
levels dropped during less active hours of the day, as well as
when filters for the room’s filtration system were cleaned or
replaced. The school principal acted on this information to
institute a more rigorous maintenance schedule for chang-
ing the school shop’s air filters.

Case study 3: Air filtration in homes

Multiple groups of students enrolled in two different
schools studied the efficiency of a commercial air filter in
households and whether it decreased PM, , concentration
levels in the home over a 24-hour period. Their collected
data suggested that a commercial air filter decreased PM
concentrations by up to 50% in the household. From their
studies, they also concluded that including more sam-
pling days, varying the location of the air filter, and test-
ing homes with different heating sources would produce
more robust data for longer-term analysis.

Peers, parents, teachers, community members, and
school officials learned of this research when students
presented their results as part of the senior project pro-
gram at each school and at the Annual Northwest Re-

gional High School Science Symposium in Utah.

Case study 4: Air quality comparisons in
school

Another student research group studied the amount of
PM, in the air inside various school classrooms by moni-
toring the PM, _ concentrations over a 24-hour period in
a chemistry lab, a general science classroom, two math
rooms, and two history rooms. While students did measure
for PM, . indoors, they compared their results with EPA
standards for outdoor or “ambient” air because there is no

indoor PM, _ standard. Students found that concentrations
in all the rooms did not exceed EPA outdoor standards and
that the ventilation in the school was adequate.

Case study 5: Asthma and wood smoke on
the Nez Perce reservation

Although schools currently participating in the Air Tox-
ics Under the Big Sky program measure particulates us-
ing DustTraks, the program initially sampled for volatile
organic compounds (VOCs). In one of these original
projects, students from two high schools on the Nez
Perce American Indian Reservation conducted sampling
for VOCs within their homes throughout the school year.
As a result, two articles summarizing their involvement
with the program were published in the tribal newspaper
that is distributed throughout the community of 1,800
citizens. One student group presented their results to a
tribal panel and others presented at an open poster session
for the community in their school. A key student research
leader with the project gave a presentation to 200 elemen-
tary students on air quality in their homes. In these earlier
projects, VOC analysis proved to be both expensive and
prohibitive, so the program switched to using the more
“user-friendly” DustTrak unit to measure particulates
instead of VOCs.

These case studies serve as clear examples of how students
can investigate local air-quality issues and generate scientifi-
cally sound data that educate and impact the community.

Student response

When students present their data at the end-of-the-year
symposium, they describe how they problem solved to
overcome any challenges encountered as their research
progressed. Many discovered their hypotheses were dis-
proved due to the presence of multiple variables or unex-
pected outcomes, which led them to collect more data by
repeating the experiment or modifying their hypothesis.
These are the same thought processes scientists must use
in a research environment: designing, implementing, and
interpreting their experimental results.

Depending on class size, students usually work col-
laboratively in teams of anywhere from two to six people,
which requires good interpersonal skills to schedule and
organize tasks and effectively communicate the results
through posters or oral presentations. Student comments
have shown that they appreciate the opportunity to con-
duct relevant research for themselves and to go through
the process of problem solving, correcting mistakes, pro-
cessing their results, and drawing a conclusion (see “Stu-
dent comments,” p. 44).

Program evaluation
The effectiveness of the Air Toxics Under the Big Sky

program was tested through a careful comparison study.
The treatment group of 130 students participating in the
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program was statistically matched to a comparison group
of 148 students that did not participate. Students serving
as the treatment group were enrolled in classes taught
by teachers who had been trained in the program work-
shops. To serve as the comparison group, these treatment
teachers chose the students of colleagues teaching sci-
ence courses at similar levels in their respective schools.
Students in both groups were from five high schools in
northwestern Montana and all completed the same end-
of-program content assessment.

The treatment students scored significantly higher
(65% correct) on the assessment than the comparison stu-
dents (43% correct). They were also much more knowl-
edgeable about air pollution and respiratory health and
were better able to deal with research issues such as out-
lier data and the importance of keeping field notes.

Additionally, treatment students provided feedback
about their experience in the program at the conclusion of
the symposium. Eighty-eight percent indicated that their
time during the symposium was either good or excellent.
Forty-six percent of participating students expressed an
“extreme interest” in science, and of these, almost half
reported that the experience made them more interested
in science. Similarly, about 40% of students indicated that
they were “extremely interested” in a science career and
of these, almost two-thirds said that the program made
them more interested in becoming a scientist some day.

Evaluation results provide strong evidence that the
program increases and sustains interest in science and sci-
ence careers and results in knowledge gains. In particular,
students acquire valuable content knowledge to which they
otherwise would not typically have access. The program’s
strong research emphasis also meets Montana state stan-
dards with required components, such as generating a hy-
pothesis, data gathering and analysis, graphical and math-
ematical processes, scientific investigation, and the review
and defending of results (see “Addressing the Standards”).

Teachers who are interested in conducting an indoor
air quality project may contact the CEHS at the Univer-
sity of Montana to find out more about initiating such
programs in their classes.

Conclusion
The Air Toxics Under the Big Sky program is an effec-

tive way to educate students on the importance of good
air quality and the health impacts of exposure to poor air
quality. One of the strongest outcomes of this program is
that students are encouraged to design controlled experi-
ments and test their own hypotheses while investigating
air pollution issues of interest to them. Finally, in addition
to being an outreach and education project, the Air Tox-
ics Under the Big Sky program generates high-quality
technical data that are being used to investigate indoor
air quality issues—placing student research in the greater
scientific world. m
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Student research assessment
milestones.

First quarter: Students turn in the question, hypothesis, and
list of variables for their indoor air quality research project.
The instructor reviews and provides any necessary guidance.
Question examples: Does the heating system of the
house affect its air quality? How does the age of the
house relate to PM, , levels? What classroom in the school
contains the most PM,,? Does the type of flooring ma-
terial affect the amount of PM_, found in the building?
Does it make a difference in air quality when using an EPA-
certified woodstove versus a noncertified model?

Second quarter: Students turn in a written report discussing
the data collected to date. The data is reviewed by fellow
students who provide suggestions to enrich the research.

Third quarter: Students complete their data collection
and provide the teacher with a written report.

Fourth quarter: Students present their findings via Power-
Point presentations or posters to community members at
the school or at the annual symposium. The symposium
judges’ scores are averaged into students’ chemistry grades.

Visit www.nsta.org/highschool/connections.aspx for UM
judges’ scoring rubrics.

Student comments.

The following student comments are from end-of-the-year

evaluations:

+ “The most important thing | learned is that there are
many possibilities for projects, but you need to think the
experiment all the way through to be successful.”

+ “The most important thing | learned as a result of giving
my presentation is that communicating results is a key
skill in science.”

+ ‘I learned how important—and fun—science is and
that projects like these have a huge impact within the
science field and possibly impact the world.”

+ “The thing that had the greatest impact on me is that
all the people who are interested and work in the fields
of chemistry and biology seem to love it

+ ‘I learned that it is okay if your hypothesis is wrong; it
actually provides valuable information and the oppor-
tunity for further investigation.”

Earle Adams (earle.adams@umontana.edu) is a research professor at
University of Montana in Missoula; Tony J. Ward (tonyward@umon-
tana.edu) is a research assistant professor, Diana Vanek (dianavanek@
umontana.edu) is the outreach coordinator, Nancy Marra (nancy.mar-
ra@umontana.edu) is the education coordinator, and Carolyn Hester
(carolyn.hester@umontana.edu) is the project manager for the Air
Toxics Under the Big Sky program, all in the CEHS at The University of
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Montana in Missoula; Randy Knuth (randy@knuthresearch.com) is a
project evaluator with Knuth Research in Spokane, Washington; Todd
Spangler (spanglert@wfps.k12.mt.us) is a chemistry teacher at White-
fish High School in Whitefish, Montana; David Jones (djones@mcps.
k12.mt.us) is a chemistry teacher at Big Sky High School and Melissa
Henthorn (mhenthorn@mcps.k12.mt.us) is a chemistry teacher at
Hellgate High School, both in Missoula, Montana; Brock Hammill
(brockh@corvallis.k12.mt.us) is a chemistry teacher at Corvallis High
School in Corvallis, Montana; Paul Smith (psmith@lapwai.us) is a sci-
ence teacher at Lapwai High School in Lapwai, Idaho; Rob Salisbury
(rsalisbury@kamiah.org) is a biology teacher at Kamiah High School
in Kamiah, Idaho; Gene Reckin (recking@libby.k12.mt.us) is a science
teacher at Libby High School in Libby, Montana; Johna Boulafentis
(johnab@nezperce.org) is the environmental outreach specialist for
the Nez Perce Tribe in Lapwai, Idaho.

Addressing the Standards.

Montana’s science standards are highly consistent with
the National Science Education Standards (NRC 1996) and
Benchmarks for Science Literacy (AAAS 1993), with most
containing the phrase “through the inquiry process.” For
example, one standard reads: “Students, through the in-
quiry process, demonstrate the ability to design, conduct,
evaluate, and communicate results and reasonable conclu-
sions of scientific investigations.” This focus on inquiry-
based learning requires activities specifically designed to
meet that requirement. As one participating teacher re-
flected, “A major goal in my chemistry class is for students
to learn the scientific process. | take many steps to achieve
this goal, but the Air Toxics Under the Big Sky program
takes kids from start to finish in an open-ended manner in
a research project of their own design. Consequently, they
learn the scientific process by doing it.”
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