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ABSTRACT
Air Toxics Under the Big Sky is an environmental science outreach/
education program that incorporates the Next Generation Science
Standards (NGSS) 8 Practices with the goal of promoting
knowledge and understanding of authentic scientific research in
high school classrooms through air quality research. This research
explored: (1) how the program affects student understanding of
scientific inquiry and research and (2) how the open-inquiry learning
opportunities provided by the program increase student interest in
science as a career path. Treatment students received instruction
related to air pollution (airborne particulate matter), associated
health concerns, and training on how to operate air quality
testing equipment. They then participated in a yearlong scientific
research project in which they developed and tested hypotheses
through research of their own design regarding the sources and
concentrations of air pollution in their homes and communities.
Results from an external evaluation revealed that treatment
students developed a deeper understanding of scientific research
than did comparison students, as measured by their ability to
generate good hypotheses and research designs, and equally
expressed an increased interest in pursuing a career in science.
These results emphasize the value of and need for authentic
science learning opportunities in the modern science classroom.
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Introduction

Student interest in science

Recent trends have shown the US falling behind many developed countries in science edu-
cation and student performance (The Organization for Economic Co-operation and
Development, 2012). In addition, the rate of American students choosing careers in
science, technology, engineering and mathematics (STEM) is lower compared to many
other developed nations. Only a third of all first university degrees in the US being
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awarded are in science and engineering, compared to Japan and China where at least 50%
of first-time degrees awarded are in the fields of science (National Science Board, 2014).
Historically, more than half of freshman who declare STEM majors in the US leave
these fields before graduating (Chen, 2013). Considering these trends, professionals in
the field of education must continue to identify creative ways of promoting student inter-
est in the fields of science within and outside the classroom.

This need to inspire our students in the field of science is benefitting from current
trends in science education in America. With the development of the National Research
Council’s ‘A Framework for K-12 Science Education’ (NRC, 2012) and the Next Gener-
ation Science Standards (NGSS, 2013), teachers are being asked to reconsider their
approach to teaching science. According to the NRC (2012), the current science education
system is falling short as ‘it is not organized systematically across multiple years of school,
emphasizes discreet facts with a focus on breadth over depth, and does not provide enga-
ging opportunities to experience how science is actually done’ (p. 1). In response, the Fra-
mework emphasizes the ‘integration of science and engineering practices to develop and
use disciplinary core ideas (DCIs) and crosscutting concepts to explain phenomena and
solve problems’ (Krajcik, Codere, Dahsah, Bayer, & Mun, 2014, p. 158). Importantly,
both the Framework and the NGSS emphasize learning the process of science along
with the content and unifying learning across grades. This is not new phenomenon;
Dewey (1910) lamented the lack of authentic scientific exploration in the science class-
room more than a century ago and in the decades since inquiry-based learning has
been a much-studied topic in science education (Barrow, 2006; Berg, Bergendahl, Lund-
berg, & Tibell, 2003; Minner, Levy, & Century, 2010).

While data still seem to be inconclusive on whether or not well-designed inquiry learn-
ing modules improve student learning of content over well-designed direct instruction
modules, Cobern et al. (2010) point out that ‘affective factors also play a role in learning,
even if the focus is on science concepts; it may be that interest is sparked more naturally by
inquiry, thus promoting positive attitudes toward science, which could lead to better per-
formance’ (p. 92). With this in mind, our project was designed to answer the following two
questions:

(1) How does the Air Toxics Under the Big Sky program affect student understanding of
the process of scientific inquiry and scientific research as compared to students in
typical curricula?

(2) How do learning opportunities that incorporate open inquiry, such as those provided
by the Air Toxics Under the Big Sky program, increase student interest in science as a
career path?

Despite the recent focus on authentic science learning opportunities, and the potential
positive impact on student interest in science, utilization of the resources and research
available is still lacking. The NGSS 8 Practices are a model of inquiry-based learning
that aim to address these shortcomings. As the NRC (2012) points out,

the term ‘inquiry’, extensively referred to in previous standards documents, and has been
interpreted over time in many different ways throughout the science education community.
Our intent is to better specify what is meant by inquiry in science and the range of cognitive,
social, and physical practices it requires. (p. 30)
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For the same purpose of unifying the conversation around inquiry-based learning and in
keeping with the forward trends in science education, our study focuses on the NGSS 8
Practices and how they serve as the basis for the open-inquiry model of learning provided
by the Air Toxics Under the Big Sky program. Here we define open inquiry, as the NRC
(2000) does: learning opportunities that require students to (1) engage in scientific ques-
tioning, (2) respond to questions using evidence, (3) formulate explanations from evi-
dence, (4) connect explanations to scientific knowledge, and (5) communicate and
justify explanations. In essence, open-inquiry learning ‘simulates and reflects the type of
research and experimental work that is performed by scientists’ (Zion & Mendelovici,
2012).

The Air Toxics Under the Big Sky program

The Air Toxics Under the Big Sky program (described in Adams et al., 2008, 2009; Jones
et al., 2007; Marra et al., 2011; Ward et al., 2008) was developed to create opportunities for
students to participate in authentic science learning activities in secondary science edu-
cation. The program seeks to provide students with learning opportunities that define pro-
gressive, student-centered, inquiry-based science education. As described by Anderson
(2002) and Polman (2000), these involve active learning based on students’ experiences
and on their genuine interests. Polman (2000) emphasizes that since the time of Rousseau
and Dewey, the themes inherent to constructivist science education continue to resurface
decade after decade.

With the goal of engaging students in one of these meaningful learning experiences,
students in the Air Toxics program participate in an open-inquiry research project
related to issues of air quality and respiratory health in their homes and communities.
While the general theme of the research project (air quality) is defined, the students
have endless possibilities in what they study within the context of the project.

The Air Toxics program begins early in the school year when a researcher from the
University of Montana visits each participating classroom and provides an overview of
both indoor and outdoor air pollution issues, with an emphasis on PM2.5 (airborne par-
ticulate matter ≤2.5 microns in aerodynamic diameter) in the western US and its
impact on respiratory diseases such as asthma. The researcher remains an available
resource to teachers and students throughout the school year based on the needs of the
participants. Next, students work through three specially designed environmental health
modules that address content about air pollution, health outcomes (e.g. asthma), and
the use of air monitoring equipment. These three mandatory modules were designed to
give students background information about air quality and environmental health in
order to prepare students to identify their own testable questions and to conduct their
own research.

Participating teachers choose when to use the modules and in which instructional units
based on their regular curriculum and school schedules. Finally, classrooms are provided
with an air sampling equipment and students are given comprehensive training in its
operation. After completion of the three mandatory modules, students develop research
questions, hypotheses, and research plans. Working in groups or independently, students
use the air sampling equipment to collect data in support of their hypothesis-driven
inquiry throughout the school year. Students collect air pollution data (i.e. PM2.5) in
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homes, schools, local businesses, and other locations relevant to their research in the
community.

At the conclusion of the project, students analyze their data and communicate the
results via posters or community reports, or by participating in the annual Air Toxics
Under the Big Sky symposium on the University of Montana campus held each May
(Vanek et al., 2011). At the symposium, students are asked questions by a small panel
of experts in the air pollution/health field, who evaluate each project/presentation and
determine the top three. From the outset, the Air Toxics program stressed that in addition
to generating the research questions, hypotheses, and design, it is essential to make stu-
dents responsible for communicating and justifying their findings (such as in the end-
of-year symposium format). In a study focusing on classroom-based science inquiry
from 1998 through 2007, Asay and Orgill (2010) found that less than a quarter of
inquiry-based curricular initiatives emphasized explaining and connecting by students,
and only about a tenth focused on having students communicate and justify their
results to peers and experts. It is this full set of authentic scientific practices that motivates
students to perform at higher levels, and provide a ‘realistic’ context in which an authentic
inquiry process can unfold. In addition, preparing to respond to questions from an expert
panel of judges encourages students to reflect on their research. Importantly, as presented
in Table 1, each of the NGSS 8 Practices is covered as part of the Air Toxics Under the Big
Sky program.

Methods

Teacher and student participants

Nine classrooms from five schools participated in the evaluation process. Teachers in the
treatment group attended a curriculum workshop or worked individually with University
of Montana staff to learn the program protocols and then agreed to fully implement the
program curriculum in their designated classrooms. Full implementation was defined as:
(1) offering the three mandatory lessons in their classrooms, (2) continued teacher support

Table 1. The NGSS 8 Practices and corresponding air toxics under the big sky activities.
Next Generation Science Standards 8 Practices Corresponding air toxics under the big sky activity

1. Asking questions (for science) and defining
problems (for engineering)

Students identify testable questions related to indoor/outdoor air
quality in their community.

2. Developing and using models Small-Scale Chemistry labs use ‘Global Chambers’ (i.e. petri dishes) to
simulate and model a number of air pollution issues

3. Planning and carrying out investigations Students design a research plan in order to investigate their testable
question

4. Analyzing and interpreting data Using data collected during their research, students analyze their
results in order to draw conclusions

5. Using mathematics and computational thinking During data analysis, students use graphs and basic statistical
analyses to understand their results

6. Constructing explanations (for science) and
designing solutions (for engineering)

Based on their data analysis, students draw conclusions about their
air quality issue

7. Engaging in argument from evidence Informal argumentation occurs when groups discuss results with one
another as well as with the teacher.

8. Obtaining, evaluating, and communicating
information

Students perform background research on their topic, integrate this
into their project, and ultimately present their final work at end-of-
year symposium or other community event
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of students in their data collection and research throughout the school year, and (3)
helping students prepare for a public symposium presentation of their results. Teachers
in the control group were recruited by teachers from treatment classrooms, and used a tra-
ditional science curriculum. All but one of the treatment teachers had prior experience
with the Air Toxics curriculum.

All students participating in the evaluation process were in grades 11 and 12 (n = 428)
and resided in northwestern Montana. The number of participating students who had
both pre-survey and the content assessment exam available for analysis (methods
described below) was 379 (180 comparison students, 199 treatment students). For more
information on participating students, including gender and grade level, see Table 2.

Research design

Because it was not possible to randomly assign students into treatment or control groups,
the establishment of experimental groups was based purely on the teachers’ experience in
the program described above and their willingness to use a modified curriculum. The
control group students were from intact classrooms with teachers willing to volunteer
as a comparison to the treatment groups. Both control and treatment groups were
asked to complete a pre-survey at the beginning of the year, in addition to the content
assessment exam at the end of the school year. Treatment students participating in the
end-of-year symposium were also asked to complete a separate program evaluation
form to determine the students’ perspective of the program experience. The primary
hypothesis being tested in this study was that the treatment group would perform
better on the year-end content assessment compared to the control group students. In
addition, the treatment group students would have a better concept of generating a
research design and hypothesis. Details on all three surveys/assessments follow.

Pre-survey

The pre-survey of all participating students was conducted to determine if there were any
variables that needed to be controlled in the ANOVA of the content assessment. Potential
confounding variables (covariates) were assessed in the two experimental groups to deter-
mine their equivalence. The principle covariates used in this model included: (1) grade
awarded in science the previous year, (2) grade awarded in math the previous year, (3)
interest level in science content (Science Interest Scale), and (4) interest in performing
environmental science tasks (Environmental Science Tasks Interest Scale). In addition,
gender, school, grade level (11th or 12th), and the predicted number of science classes

Table 2. Participants – treatment vs. control.
Total number (n) Gender Age Courses

Treatment 199 F: 55%
M: 45%

18: 19%
17: 47%
16: 34%

Chemistry
Human Anatomy
Environmental Health

Control 180 F: 52%
M: 48%

18: 32%
17: 43%
16: 25%

Biology
Chemistry
Human Anatomy
Physics
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in high school were examined as potential covariates. None of the latter were significantly
different between groups.

Content assessment

Based on the learning objectives of the three mandatory lessons and the overall goals of the
project, a 29 question exam, worth a total of 31 points, was constructed by the project
team. Sixteen questions tested student knowledge of asthma and air pollution/particulate
matter-related concepts. Ten questions tested general knowledge of research design, stat-
istics, and data collection, while three questions had students evaluate whether or not a
stated hypothesis was good or bad. Exam questions were primarily multiple choice with
one important open-ended question to determine if the student could form a hypothesis
and research design (see Appendix 1). The exam (administered in paper format) had 28
questions worth one point and one item (the opened-ended hypothesis/research question)
worth three points. The content assessment was administered to students one week before
the May symposium.

In the opened-ended hypothesis/research question, students were asked to generate a
hypothesis on an open-ended item that they would like to investigate and then give a
simple description of how they would test that hypothesis. Criteria for good and bad
hypothesis/research design classifications were developed and a ‘card sort’ methodology
was used to categorize responses into four piles (Figure 1). Three raters (all experts in
environmental health related fields) were blinded to whether each response came from
a student in the treatment or control group. The classification rules were:

. Good hypothesis: Had to be a statement of a relationship between variables, not a ques-
tion; testable; and not nonsense (demonstrated understanding).

. Good research design: Had to be feasible; involve data collection; not violate ethics stan-
dards; and not nonsense (demonstrated understanding).

Inter-rater reliability, determined by Cronbach’s alpha, was 0.70 (or 70%). Most of the
disagreement between raters was specifically about the categorization of responses into the

Figure 1. Scoring system for student-generated hypotheses and research design problems in the end
of year content assessment. ‘Pile’ refers to student response categories.
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middle categories labeled Piles 1 and 2 (i.e. bad hypothesis/good research design or good
hypothesis/bad research design). Agreement for placement into Pile 0 (bad hypothesis/bad
research design) or Pile 3 (good hypothesis /good research design) was about 93%. A nego-
tiation between raters was conducted which resulted in all responses being categorized
into one of the four piles to enable further statistical analysis (three-level chi-square con-
tingency table, see Figure 2).

Symposium survey

At the conclusion of the symposium, treatment students were additionally asked to com-
plete a survey, which offered direct feedback from students on how the program affected
their interest in science as content and as a potential career. In addition, their opinion
about their experience with the program was assessed. The control group students did
not attend the symposium, so there were no data for this group. This symposium
survey was composed of Likert-scale rankings (ordinal-level data), in addition to open-
ended responses related to their experience at the symposium and potential changes in
their interest in science in general and as a potential career during the program. Responses
from students to the open-ended questions were compiled and analyzed for repeating
answers, which were then calculated as a percentage of total responses. A total of 448 stu-
dents participated in the symposium surveys, including additional students who did not
take the content exam or participate in the experimental part of this study.

Results

Differences between comparison and treatment groups in pre-survey variables

The analysis first explored the differences between comparison and treatment groups on
the pre-survey covariates described above. First the reported grades from the previous year

Figure 2. Model of three-way contingency table (2 × 2 × 2) for group vs. design. vs. hypothesis open-
ended question rated by expert reviewers.
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were analyzed. The median grade in science for both comparison and treatment students
from the previous year was an A-. In math, the median grade of comparison students was
an A, while for treatment students it was an A-. In terms of this covariate, there was no
significant difference between groups.

Additionally, no significant differences were found between comparison and treatment
groups on the science interest scale. However, there were some minor differences in how
students in each group rated their interest in performing activities that made up the
environmental science task scale. Specifically, the treatment students tended to rate
their interest slightly higher (significant at the p≤ .01 level). This covariate was controlled
for in the final statistical model (ANCOVA). Control and treatment groups were also not
significantly different with respect to the predicted number of years of science they would
take in high school. More than 94% of students in both conditions expected to take four
years of high school science. In general, the treatment and control groups were not stat-
istically different in terms of past performance in science and math, and interest in science.

Performance differences on the content assessment

Figure 3 shows the difference between control and treatment groups with regard to per-
formance on the content assessment exam, while Table 3 presents a breakdown for four
of the content assessment exam subscales (asthma, PM2.5, research, and hypotheses).
Overall, treatment students scored higher on the overall content assessment than did stu-
dents who did not participate in the program, with treatment students achieving 68.7%
correct on the content assessment compared to only 45.9% correct for comparison stu-
dents (Figure 3). Using ANCOVA (controlling for the influence of higher activity interest
from the treatment group), the differences between treatment and comparison means
were significant at p < .001. The following is a descriptive breakdown of performance in
the different groups of questions.

Performance differences on asthma and PM2.5 questions.On average, treatment students
scored slightly higher on the asthma subscale, answering 3.7 out of 6 asthma questions

Figure 3. Average scores (% correct) of control and treatment groups in the end of year content assess-
ment exam. Data expressed as mean ± 95% CI. Asterisks *** indicate p < .001 compared to the control
group by ANCOVA with post hoc correction.
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correctly while control students scored 3.1 out of 6 questions correct on the asthma sub-
scale. Larger differences were noted in the PM2.5 subscale with treatment students answer-
ing almost twice as many of 10 questions correctly as did control students (6.2 as
compared to 3.4 items correct, respectively).

Performance differences on research design questions. Treatment students, on average,
answered about 6.7 items out of 9 correctly whereas control students’ average score was
5.3 items correct. A larger proportion of treatment students than comparison students
were able to compute the mean of a list of numbers correctly. A higher percentage of treat-
ment students also knew the appropriate statistical test to use in a hypothetical research
scenario although the percentage correct for both groups was low (less than a third of
all students).

Performance differences on hypothesis identification questions. Treatment students per-
formed slightly better on the three items that asked students to evaluate whether or not a
statement was a good or bad hypothesis (1.9 versus 1.5 out of 3 correct, on average).

Performance differences on the hypothesis and research design question. As Figure 4
shows, although some students in both treatment and comparison groups were
awarded all three points, a considerably higher percentage of treatment students (62%)

Table 3. Mean number of items correct on each content assessment subscale.
Control Treatment Total

Subscale Mean N STD Mean N STD Mean N STD

Asthma (items 1–6; out of 6) 3.1 180 1.06 3.7 199 1.12 3.4 379 1.12
PM2.5 (items 7–16; out of 10) 3.4 180 2.06 6.2 199 1.90 4.9 379 2.41
Research (items 17–25; out of 9) 5.3 180 1.68 6.7 199 1.47 6.0 379 1.70
Hypothesis (items 26–28; out of 3) 1.5 180 1.03 1.9 199 1.01 1.7 379 1.03

Figure 4. Differences in hypothesis/research design scores between treatment and control groups
(n = 379).
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received all three points on the hypothesis and research design question than did compari-
son students (26%).

About 16% of comparison students, compared to less than 3% of treatment students,
received only one point on the hypothesis/research design item. More than half (58%)
of comparison students received two points, while 36% of treatment students also received
two points (Pile 1 and Pile 2). Moreover, considerably more comparison students gave
nonsense answers or did not answer the question at all. Using a chi-square analysis, the
difference in proportion between treatment and comparison groups was found to be sig-
nificant, χ²(DF = 1, n = 379) = 42.82 with correction for continuity, p < .001. Likewise, the
difference in frequencies between group and hypothesis was also significant χ²(DF = 1, n =
379) = 12.45 with correction for continuity, p < .001. Both analyses indicated that the
good/bad design and hypothesis was not independent of group (control/treatment)
(Figure 2). A simple examination of the numbers indicated that the treatment group
was most associated with the ‘good’ design and ‘good’ hypothesis (Figure 4).

Symposium feedback results

At the conclusion of the Air Toxics Under the Big Sky symposium, 36% of students
reported that they were more interested in science as a content area, and 24% reported
an increased interest in a science career. Nearly a quarter of students listed their recog-
nition that clean air was important. Students also communicated that learning about strat-
egies to improve air quality was an important impact of participation in the Air Toxics
Under the Big Sky program. Also listed was their increased knowledge about air pollution,
improved public presentation skills, and, perhaps most importantly, an increased ability to
conduct scientific research. In addition, an overwhelming percentage of students (85%)
rated their experience in the symposium component of the program as either ‘good’
(59%) or ‘excellent’ (26%).

Discussion

The findings from this study highlight two very important points. First, students who have
the opportunity to conduct authentic research of their own design, from the ground up, do
indeed develop a deeper understanding of the processes of science compared to their
counterparts who learned about these processes through lectures and labs commonly
implemented within science classes. In many learning areas such as math, writing,
music, art, and athletics, we emphasize the value of practice in the discipline. Yet we do
not often apply the same model in our science classrooms. According to the NRC Frame-
work for K-12 Science Education (2012), one of our current failures in science education is
not ‘provid[ing] students with engaging opportunities to experience how science is actu-
ally done’ (p. 1).

With the development and broader teacher support of the NGSS 8 Practices, we see a
much-needed movement toward more integration of authentic research into the class-
room. Our results show that students performing research of their own design directly cor-
relate with the skills addressed in the 8 Practices. Air Toxics Under the Big Sky students
were better able to calculate mean numbers and identify correct statistical analyses, and
were significantly better at writing a valid hypothesis and designing research. This
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supports prior research that has demonstrated that the best way for students to become
familiar with and skilled at science practices is by jumping in and doing them. Ebenezer,
Kaya, and Ebenezer (2011) found that students developed proficient inquiry abilities in 7
of the 11 criteria they assessed, including defining a relevant scientific problem and sys-
tematically collecting and analyzing data with appropriate tools, while they participated
in sustained research projects using technology to support data collection that focused
on environmental issues in their communities.

The second significant finding is that student interest in science as a content area (36%)
and potential career path (24%) increased after participating in the Air Toxics program. As
discussed previously, to remain competitive in the global sphere of science education, we
need more students pursuing science studies in their post-secondary education. More than
one-third of students reported an increased interest in science after participation in the Air
Toxics Under the Big Sky program, which demonstrates that learning experiences incor-
porating the NGSS 8 Practices (aka open-inquiry learning) are not only effective at
improving student performance, but also boosting the overall interest in science.

These two findings support the idea that effective inquiry learning opportunities are
needed in our schools. They address two necessary pieces to success: interest and skill.
In one review of more than a decade of educational research (Potvin & Hasni, 2014),
the authors found that the most significant predictors of student interest, attitude, and
motivation in science learning were: (1) the teacher, (2) collaborative work in the class-
room, and (3) meaningful learning ‘where [Science and Technology] can be linked to
reality’ (p. 98). These were followed by hands-on, inquiry-based learning, lab activities,
and learning opportunities that encouraged independent thinking. Programs like Air
Toxics Under the Big Sky incorporate all of these into one well-rounded, year-long learning
experience. And in doing so, this improves student’s ability to do science, thereby increas-
ing the chances that they may pursue science at a higher level.

In this study, no pre-assessment was administered at the beginning of the year, which
would have helped track student improvement. Additionally, we were limited in the
ability to track students as they went onto college, chose majors, graduated, and continued
on a career path. It is only through a longer-term study such as this that we can definitively
determine if programs like ours facilitate students ultimatelyworking in a science profession.
Regardless of this limitation, our research supports the growing body of research that indi-
cates the value of and need for authentic research opportunities for secondary students.

We are interested in how our two findings are connected. Is there a direct relationship
between students’ understanding of the scientific process and their interest in a scientific
career? Studies have already shown a connection between student self-concept, defined as
a student’s perceived ability to do well in a subject, and its crucial role in student success
(Aschbacher, Ing, & Tsai, 2013; Lewis, Shaw, Heitz, & Webster, 2009). One study found
that ‘the strongest predictor of students’ [Science/Engineering/Math] career interests in
grades 7 to 9 and their aspiration trajectory over time were the questions about confidence
as a science learner’ (Aschbacher et al., 2013, p. 48). As science content becomes more rig-
orous over grade levels, students often begin to feel overwhelmed by the materials and, as a
consequence, experience a lowered self-concept, eventually losing interest in pursuing a
career in science. If programs like Air Toxics Under the Big Sky can provide a boost in con-
fidence in a student’s ability to do science, we hypothesize that this will also re-invigorate
an interest in a scientific career.
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Though this study demonstrates that students experience an increased understanding
of the process of science, future studies should explore if the program equally increases
comprehension and retention of content learning objectives over time. Students in both
the comparison and treatment group were tested on knowledge of air quality and respir-
atory health at the end of the semester, though only treatment students received instruc-
tion in these specific areas. It would be valuable to investigate whether or not content
knowledge is better retained over time by treatment students. As much as science skills
are being emphasized in today’s world of science education, content standards are still
considered of greater importance. This being the case, examining content retention of
standards-based knowledge should be examined in the future.

Conclusion

Overall, the Air Toxics Under the Big Sky program shows great promise for addressing
current trends in science education. Through their research on air quality issues, students
demonstrate an increased understanding of the processes of science, as well as an
increased interest in a science career. Future studies should address how the program
increases student understanding and retention of knowledge, over time, related to state
and national content standards, as well as the relationship between increased understand-
ing of scientific processes and increased interest in a science career. These findings are
even more impactful when considering that participating schools are located in rural
and underserved areas of western Montana, Idaho, and Alaska. A long-term goal of the
Air Toxics Under the Big Sky program is to continue engaging students living in these dis-
advantaged areas, providing them with ‘equal opportunities’ to learn and explore the
scientific process as it relates to air quality/respiratory health within their communities.
Programs such as this have the potential to positively influence students’ relationship
with the field of science, and positively influence their future career choice.
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Appendix 1

Sample questions from the Air Toxics Under the Big Sky content assessment

(1) On the graph below of outdoor air quality (PM2.5), which months of the year are most
likely represented by each of the five asterisks (stars) along the bottom of the graph?
(a) December, January, February
(b) March, April, May
(c) June, July, August
(d) September, October, November
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(2) A scientist is conducting research to find out whether noise levels increase the closer
you get to bus stops. His data confirm the null hypothesis. What does this mean to the
scientist?
(a) That the research hypothesis is valid.
(b) That the research hypothesis is true.
(c) That the null hypothesis is not valid.
(d) That the research hypothesis is not valid.

(3) What is the most important reason that the researcher should clean, maintain, and
calibrate the sampler equipment?
(a) Keep the cost of maintenance down.
(b) To be sure that data generated by the sampler are accurate.
(c) Make sure it is ready for the next group of researchers.
(d) Keep the sampler from getting dirty.

(4) A group of students collected extensive air samples from two locations: 100 samples
were taken near a bus stop and 100 were taken at the airport. The samplers were
placed in the consistent locations at each location and data were collected at the
same times of day. What statistical analysis could be used to see if there are differences
between these two sets of data?
(a) Correlation Test
(b) T-Test
(c) Standard Deviation Test
(d) Mode Test

(5) For the table below, what is the mean of the data?
(a) 5.0
(b) 5.5
(c) 6.0
(d) 6.5

Time (minutes) Data (PM2.5)
1 8.0
2 6.0
3 5.0
4 7.0
5 5.0
6 6.0
7 5.0
8 6.0
9 7.0
10 5.0

(6) While taking air samples with the equipment, Kelsey also kept notes about what she
was observing. When she got back to the lab she noticed some spikes in her data.
She checked her notes and remembered that some candles had been lit in the room.
How should she treat the spikes in her data?
(a) Subtract out the spikes and use the average values instead
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(b) In the presentation use the documentation to explain the spike
(c) Change the data to the average from the previous day
(d) Discard all of this day’s data as it is no longer valid

(7) A solar eclipse happens when the moon blocks out the sun’s light. Is this a good
hypothesis?
(a) Good
(b) Bad

Explain why you think it is either ‘good’ or ‘bad’.

(8) Suppose you were asked to plan, carry out, and report on a research question dealing
with air toxics. Please state the hypothesis you would like to investigate and how you
would go about testing your hypothesis.
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