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Environmental science is a topic that lends itself to innovative teaching methods in

secondary education. Many aspects of environmental science have macroscopically

observable components, creating myriad opportunities to link classroom lessons and

practical, outdoor exercises to both pique the students’ curiosity about the world around

them, and reinforce the fundamental knowledge imparted through books and lectures

via active learning. Linking university research teams and local science teachers is a key

way to incorporate cutting edge science into the classroom and to provide students

with the experience of being a “scientist for the day.” Through the Soil and Water Iron

Microbes in North Carolina (SWIMNC) project, local science teachers were recruited to

participate in a university outreach program to bring current biogeochemical science to

both students and teachers. A team of faculty, postdoctoral research associates, and

graduate students delivered a classroom presentation on the importance of metals and

iron oxidizing bacteria, emphasizing the role microbes play in affecting the availability

and transport of metals in the environment. The group then traveled to a nearby site

where iron oxides (bright orange deposits common in shallow water) form to collect

samples and other field data. Students worked in small teams with a member of the

university to collect and label samples, take measurements of pH and temperature, and

make and record observations. Pre- and post- activity surveys assessed the impact of

the combined classroom and field event on student’s knowledge and attitudes relating

to environmental science. Survey results indicate that the combination of classroom

activities and hands-on field sampling and analysis had a positive influence on students’

knowledge of environmental science, as well as their views of environmental science.

This impact was most pronounced on middle school students, but was still significant

for high school students. University outreach programs provide a clear opportunity to

integrate current topics into secondary school classrooms. Here, research about how
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bacteria andmetals interact in the environment provides an avenue to incorporate current

research data and demonstrations into high school classroom activities, giving teachers

and students the opportunity to use these approaches in lessons and projects to gain a

better understanding of environmental science.

Keywords: iron oxides, biogeochemistry, environmental science, secondary education, outreach, field sampling

INTRODUCTION

Teaching environmental science in secondary schools provides
an opportunity to combine cutting edge scientific research
with a range of evidence-based teaching methods to generate
enthusiasm and engagement in middle and high school students.
Environmental science education is just one part of the
recognized need for effective science education to increase
scientific literacy in students and broaden the capabilities of
the future STEM workforce, but it has great potential to offset
the boredom and lack of perceived relevance that is a source
of student disengagement from science (Barnett et al., 2006;
McWilliam et al., 2008) by pairing basic scientific knowledge
with tangible phenomena in nature. There is also evidence that
environmental education has positive outcomes related to overall
academic achievement and civic engagement, as well as scientific
knowledge, attitudes, and skills (Ardoin et al., 2018), emphasizing
the need for effective teaching in this particular area.

There are challenges in introducing current research into K-
12 schools, but these can be overcome through efforts to align the
scientific activity withmandated curriculum or content standards
and use evidence-based teaching methods (McKeown, 2003).
Teaching to engage multiple learning styles (Samples et al., 1985;
Dunn and Griggs, 1995) and embracing the proven effectiveness
of active learning strategies (Gabel, 2003) are important aspects
of creating impactful science outreach experiences. There are
many learning styles, but auditory (hear and say), visual, and
kinesthetic-tactile (touch, physically involved) may be important
to consider for K-12 education (Guild and Garger, 1985)
although there is some disagreement in the educational literature
as to the value of using learning styles to develop specific activities
(Willingham et al., 2015; An and Carr, 2017). It is also important
to note that multimodal engagement increases the instructor’s
ability to reach a broader group of students (McKeown, 2003).

According to Kolb’s (2014) theory of experiential learning,

experience plays a central role in the learning process. This
provides a basis for using a suite of teaching methods including

active learning strategies to insure the student’s experience fits

within existing learning theory. Active or interactive techniques
include introducing student activity into traditional lectures,
promoting student engagement, and facilitating collaborative,

cooperative, and problem-based group efforts (Prince, 2004).
Educational research (Bonwell and Eison, 1991) and meta-
analyses (Springer et al., 1999; Ruiz-Primo et al., 2011; Freeman
et al., 2014) indicate that active learning leads to better student
attitudes and increases acquisition and retention of knowledge
compared to lecturing alone, making active learning a highly
recommended teaching method (Felder et al., 2000). Promoting

student engagement through cooperative, collaborative, or

problem-based learning is effective (Prince, 2004). In the
sciences, active learning has improved attitudes and performance
in introductory biology (Armbruster et al., 2009), chemistry
(Towns and Grant, 1997), physics (Burrowes, 2003; Michael,
2006), and environmental education (Ardoin et al., 2018).
Frequently used interactive techniques include dividing the class
into smaller groups, encouraging students to ask questions, and
giving case studies (Steinert and Snell, 1999). Working in teams
is a common form of active pedagogy shown to have a positive
relationship with both achievement and attitudes (Johnson and
Johnson, 1989; Blumenfeld et al., 1996; Bossert, 1998) and
prior investigations indicate that individuals learn more when
interacting with the environment and their peers (Adams and
Hamm, 1994; Johnson et al., 2007).

One of the common models for short-term science outreach
is the “scientist-in-the-classroom” approach (Laursen et al.,
2007; Houseal et al., 2014), which infuses the enthusiasm and
expertise of a scientist into secondary education. This model
allows students to experience scientific methodology first hand,
increasing their understanding of science and how it is relevant
to their everyday life in a tangible way (McKeown, 2003; Laursen
et al., 2007). A majority of the existing literature is descriptive
and expresses enthusiasm for this model of engagement, but
little research has been performed to document the effectiveness
of this approach (Laursen et al., 2007). Existing studies of an
established outreach program (Laursen et al., 2007) and student-
teacher-scientist partnerships (Houseal et al., 2014) reported
enhanced student interest and engagement, with concurrent
positive knowledge gains and attitude shifts. Environmental
science lends itself well to a combination of indoor lecture and
outdoor “scientist for a day” activities that can directly link basic
science knowledge to observable phenomena in the world around
them. There may be added benefits to conducting educational
sessions outdoors, including increased retention of information
(Kuo et al., 2018), improved attitudes (Cheng andMonroe, 2010),
and better ability to recognize science as a tool to understand the
world surrounding them (Barnett et al., 2006).

To this end, we conducted a set of combined classroom and
field outreach activities designed to integrate current research
data and provide a hands-on experience for students and
teachers at an active field site. Secondary school biology and
environmental science teachers were recruited through the
Soil and Water Iron Microbes in North Carolina (SWIMNC)
program, part of a National Science Foundation grant that
involves investigation of the way that microbes affect the
availability and transport of metals in the environment. Herein,
we will describe the paired classroom and field outreach activities
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conducted by a team of university researchers associated with the
Soil Biogeochemistry lab at North Carolina State University and
discuss impacts on student scientific knowledge and attitude as
assessed by pre- and post- activity surveys.

MATERIALS AND METHODS

Ethics Statement
The North Carolina State University institutional review board
(IRB # 5813) approved this study. Signed parental or guardian
consent forms were obtained prior to the activity, and
surveys were conducted anonymously to protect student data
and privacy.

Combined Classroom and Field Activity
Overview
This outreach activity provided an exciting opportunity for
biology and environmental science teachers to integrate current
environmental research topics into their classrooms. Three
classroom groups from North Carolina, two from Wake County
and one from Guilford County, participated in the activity,
summarized in Table 1: Group A consisted of 13 female high
school Honors and AP Biology juniors and seniors; Group B
was made up of 14 middle school Honors Environmental Science
students of both genders; Group C consisted of 9 female senior
Honors and AP Biology students. Each group participated in a
separate 1-day activity, with two groups participating in 2015,
and one group in 2016. Due to the small sample size, all three
groups were treated the same and the impact of the outreach
activity was assessed by comparing pre- and post-event survey
results. The teachers also participated in the outreach activity, but
the sample size (two) was too small to provide significant results.

The format of the activity consisted of two parts: an hour-
long classroom lecture and a 2-h field-sampling event. A
university research team traveled to the teachers’ classroom
to deliver a presentation on the importance of metals and
iron oxidizing bacteria in the environment. Immediately
following the presentation, the team then traveled with
the participating class to a nearby site where iron oxides

(bright orange deposits common in shallow water) form to
work with the students to collect samples and other field
data. Pre-event and exit surveys were given anonymously
to assess shifts in mean knowledge and attitudes about
environmental science.

Classroom Presentation Description
A team of faculty, postdocs, and graduate students from the
NC State University Soil Biogeochemistry group presented a
lecture covering general soil science, iron-specific chemistry, iron
oxidizing bacteria, and field site activity specific information.
The team members first introduced themselves and briefly
discussed how they got interested in soil biogeochemistry and
what educational and experience paths brought them to their
current positions at NC State University. The professor began
the presentation with a broad introduction to soil science and
the major processes in soil biogeochemistry to give context.
The bulk of the presentation was jointly given by graduate
students whose thesis and dissertation research involved the
field site used for the outreach activity. Both the role of iron in
biology and basic iron redox chemistry were described. With this
foundation established, the role of iron oxidizing bacteria in the
environment was discussed, including what environments they
live in, why and how they oxidize iron, and what they look like
in streams (Figure 1). The masters and doctoral students showed
examples of iron biomineral formations and presented fact
sheets describing the two major morphologies of circumneutral
iron biomineral formations, orange slimy deposits or an oily
appearing mineral sheen on the surface of the water. SEM images
of the common species of iron oxidizing bacteria and their
associated iron biominerals were included. The description of
the formation of iron oxidizing communities in near neutral
pH streams emphasized the role of oxygenated stream water
and anaerobic groundwater seeps in forming a thin layer where
the water had only small amounts of oxygen, creating a zone
where iron oxidizing bacteria can live. A brief overview of
the differences between iron minerals and iron biominerals
and why they are of interest was also given by the graduate
student presenters.

TABLE 1 | Outline of outreach event activities.

Group A B C

Date of activity 2015 2015 2016

Number of students 13 14 9

Grade level High School juniors and seniors Middle School High School Seniors

Gender All female Mixed All female

Course of participating teacher and

students

Honors and AP Biology Honors Environmental Science Honors and AP Biology

Activity outline for all three 1-day events 1. Pre-event knowledge, perceptions, and attitude survey

2. One-hour classroom lecture on iron chemistry, iron oxidizing bacteria, and iron oxide deposits in streams given by

graduate students and postdocs

3. Travel (by foot or short bus ride) to field site

4. Overview of safety and protocols for sampling at the field site

5. Students measured, sampled, sketched, and labeled various parameters and samples at the site with supervision

6. Exit survey given to students at field site
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FIGURE 1 | Images from the Rocky Branch Creek sampling site show the

“oily” sheen or crust and orange “fluffy” appearance of the biogenic iron oxide

and biomass material present, illustrating the macroscopic nature of these

deposits.

The postdoctoral researcher involved in the project presented
the final third of the presentation focused on an overview of
what can be observed and measured in the field, including water
temperature and pH, and size and morphology of the iron oxide
formations (Figure 2). This was complemented by a description
of what can be subsequently analyzed in the lab to give the
students a clearer image of how the field-sampling event fits into
the bigger scientific study. Methods of growing the iron oxidizing
bacteria collected from the stream were shown and different
laboratory systems to study the formation of biominerals and
how they interact with other chemicals in water were disclosed.
The final slides encompassed an overview of the protocol the
students would be following at the field site and the proper
personal protective equipment (PPE) needed for this type of
sample collecting activity.

Field Sampling Description
Participants were taken to a site along the Rocky Branch Creek
Greenway, conveniently located near the NC State campus. The
greenway is a wide, paved path immediately adjacent to the
Rocky Branch Creek stream, providing both easy access to the
site and a safe place to assemble. This site has been sampled
frequently as part of an ongoing study investigating the formation
of iron oxides by iron oxidizing bacteria in circumneutral streams
in North Carolina (Andrews and Duckworth, 2016; Sowers,
2016; Almaraz et al., 2017; Sowers et al., 2017; Whitaker and
Duckworth, 2018; Whitaker et al., 2018).

Upon arrival, students were first given a PPE and safety
orientation by the postdoctoral researcher. Safety glasses
and nitrile gloves were required, and hazards posed by
potentially slippery rocks near the stream edge were emphasized.
Participants were divided into groups of three to five students
and each group was assigned a member of the research team
as Group Leader. Group Leaders included postdocs, masters
and doctoral students, and faculty familiar with both iron
biogeochmistry and the field site. The Group Leaders assisted

FIGURE 2 | Illustrates the biogeochemical anatomy of a groundwater-stream

seep interface. Anoxic groundwater rich in Fe(II) seeps into oxygenated surface

stream water, creating an interface where biological iron oxidation can occur in

the suboxic zone (Sowers, 2016).

students as they followed the sampling protocol (Figure 3) as
well as answering questions. Once participants had divided
into groups and become familiar with the PPE, the research
team gave an overview of the site, pointing out areas within
the site that had either persistent or intermittent biogenic iron
oxide formations and discussing the impact of storm events.
Examples of both the fluffy orange biomass morphology and
the iron sheen morphology were highlighted (Figure 1). The
postdoctoral researcher demonstrated the different steps to the
research protocol again and then each group chose one of the
indicated areas and proceeded to sketch the field site and sub-
site where they would be sampling (Figure 4). Students used
a thermometer to measure the stream water temperature and
litmus paper to determine the stream pH. To collect water and
iron oxide samples, students first labeled 15 and 50mL plastic
screw-cap falcon tubes with the appropriate site name and letter
or number indicating which specific spot was sampled. Two
different sampling methods were used. First, students used the
pre-labeled tubes to scoop up either minerals or orange biomass
(“whole samples”). Second, students used a large syringe and
attached 0.2µm syringe filter to collect samples and separate
water and solids. The filtered water was placed in a 50mL tube
and the filter that collected the solids from the water was placed in
a separate vial. Participants were instructed to create a consistent
labeling plan that connected the whole, water, and filter samples
to each other and to the place from which they were collected, as
indicated on the site sketches.
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FIGURE 3 | The field sampling protocol for the outreach event outlines the sample notation and collection steps used by the university team when collecting iron

oxide and stream water samples.

Outreach Event Evaluation (Surveys)
Students anonymously filled out scantron surveys immediately
prior to the in-class lecture presentation by the university
research team, and exit surveys immediately after the conclusion
of the field-sampling activity. These surveys consisted of two
types of questions to evaluate knowledge, perception, and
attitudes relating to the iron biogeochemistry at the center
of this activity (Tables 2, 3). The first 10 questions (Figure 5,
Table 2) assessed student knowledge of the scientific subject
presented, including iron chemistry, biomineral formation, and
the easily visible macroscopic characteristics of iron oxides in
streams. The remaining 10 questions (Table 3) used a 5-point
Likert scale to gauge participants’ perceptions and attitudes
toward environmental science, their comprehension of specific
components of science relating to the activity, and whether
this activity improved their knowledge. Surveys were based on
prior outreach surveys developed for biogeochemical outreach
workshops (Harrington et al., 2013; Unfried et al., 2015). The
surveys were anonymous to protect student data and privacy, so
individual pre- and exit surveys could not be paired. Instead, a

t-test was performed comparing the means of the pre- and exit
surveys by setting the null hypothesis to the pre-survey mean
and evaluating whether a significant shift between the pre-survey
and exit survey means had occurred. Also, because the surveys
were anonymous, it was not possible to separate results by gender
in Group B.

RESULTS

Knowledge Questions
The knowledge question results for each of the three student
groups are shown in Table 2. Ten questions assessed knowledge
of iron chemistry and iron biogeochemistry (Figure 5) and a
score of 10 would indicate all questions were answered correctly.
Mean scores for the aggregated knowledge questions are shown
for each group, with different letters in the same row indicating
statistically significant differences in the pre- and post- scores.
Groups A and B had lower initial mean scores on the pre-survey
knowledge questions than Group C. For both Group A and
Group B, the mean scores improve significantly between the pre-
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FIGURE 4 | Examples of photos and student participant sketches of the field

site.

TABLE 2 | Average responses to knowledge survey questions (Figure 5) for the

groups A–C.

Question Pre-event survey Exit survey

1. Knowledge based survey.

a) Group A (n = 13)

b) Group B (n = 14)

c) Group C (n = 9)

4.44a

4.00a

5.36a

6.92b

7.50b

6.44a

Maximum score on the knowledge survey for answering all questions correctly is 10.

Statistical significance is based on a paired t-test. Values followed by the same letter

in a row are not significantly different (P > 0.05) (Student, 1908).

and post- surveys with Group B showing the largest increase in
correct answers. Group C had the highest initial scores on the
pre-survey knowledge questions and a small increase in mean
scores in the exit survey, but it was not statistically significant.

Perception and Attitude Questions
To assess the impact of the outreach activity on student’s
perception of their ability to conduct iron biogeochemical field
sampling, and attitudes toward environmental science and the
outreach activity as a whole, the survey included 10 questions
using a Likert 5-point scale (5 = strongly agree) (Likert, 1932).
The first four questions appraise changes in participant response
from pre- to exit survey, while the remaining six questions only

TABLE 3 | Average responses to perception and attitude survey questions for the

combined groups A–C based on a modified Likert 5-point scale (5 = strongly

agree) (Likert, 1932).

Question Pre-event

survey

Exit

survey

2. I am excited about environmental science.

a) Group A (n = 13)

b) Group B (n = 14)

c) Group C (n = 9)

3.74a

3.78a

3.57a

3.90a

4.03a

4.31a

4.08b

3.67a

3. I understand the basics of the

biogeochemical iron cycle.

1.95a 3.78b

4. I can identify iron oxide deposits in

natural waters.

1.93a 4.31b

5. I know what personal protective equipment

(PPE) you should wear when sampling in

the environment.

2.19a 4.19b

6. This activity has improved my knowledge of

the subject.

4.36

7. This activity helped me better

understand chemistry.

3.94

8. Overall, this activity was excellent. 4.34

9. The instructors stated

course objectives/outcomes.

4.46

10. The instructors explained difficult

material well.

4.52

11. Overall, the instructors were

effective teachers.

4.38

Statistical significance is based on a paired t-test (n = 36 for combined groups).

Values followed by the same letter in a row are not significantly different (P > 0.05)

(Student, 1908).

record participant perceptions and attitudes at the conclusion of
the activity. For all but one question, the three groups responded
similarly and their pooled responses are reported. For the “I am
excited about environmental science” question, the results for
each group are reported separately, as well as pooled (Table 3).

When asked about their excitement regarding environmental
science, only Group B had a significant increase in positive
response in the exit survey compared to the pre-event survey.
Groups A and C did not show a significantly different response
in the pre- and post- surveys. There was a significant increase in
the reported ability of all three groups to understand the basics
of the iron biogeochemical cycle, identify iron oxides in streams,
and know what PPE to wear for environmental sampling over the
course of the combined classroom and field outreach event.

Questions 6 and 7 regarding the impact of the activity on
improving their awareness of the subject of iron biogeochemistry
and improving their understanding of chemistry revealed that
participants had a positive perception of the ability of the activity
to improve their knowledge. Similarly, based on questions 9, 10,
and 11, participants had strong positive perceptions of the ability
of the instructors to state activity objectives and outcomes, to
explain difficult material well, and their overall effectiveness as
teachers. In addition, responses to question 8 indicated that the
students liked the overall activity.
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FIGURE 5 | Knowledge based survey questions about iron oxides in the environment and answer key.

DISCUSSION

The SWIMNC outreach activity had a positive outcome with
regard to increasing student subject knowledge and attitudes, in
addition to providing opportunities to train graduate students

and postdoctoral researchers in outreach provision. Although
there are several limitations to this study, including small

sample size, lack of a true control group, and gender and
age imbalances, the results (Tables 2, 3) are consistent with
literature indicating that hands-on science and learning through
inquiry-based approaches are effective, motivating, and stimulate
interest in science (Bredderman, 1983; Blosser, 1985; Trowbridge
and Bybee, 1990; Ebenezer and Haggerty, 1999; Houseal et al.,
2014). Houseal et al. (2014) suggests that scientific inquiry

can best be taught through experiential authentic experiences,
where student practices mirror practitioners. This notion was
incorporated into the outreach program discussed here using
published (Sowers, 2016; Almaraz et al., 2017; Sowers et al.,
2017; Whitaker and Duckworth, 2018; Whitaker et al., 2018)
sampling protocols (Figure 3) at an active research site. This
authenticity exposes students to broader views of what being
a scientist actually entails, while simultaneously inspiring
interest in becoming a scientist through these field activities
(Barnett et al., 2006).

Combining the classroom lecture presentation and field
sampling activity provided a framework to use many different
learning styles (Felder and Silverman, 1988) to deliver a
balanced teaching approach with a greater chance of reaching all

Frontiers in Education | www.frontiersin.org 7 January 2020 | Volume 4 | Article 151

https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


Andrews et al. Environmental Field Sampling as Educational Tool

students (Felder and Spurlin, 2005). The classroom presentation
included spoken descriptions (verbal), pictures and diagrams
(visual), facts (sensing), and underlying theory (intuitive)
related to microbial iron oxidation in natural waters. It
also gives students a chance to process the information
individually (reflective) before working in groups (active) in
the field. This combination of approaches to conveying the
same information positively impacts student knowledge and
attitudes (Stevenson et al., 2013). Additionally, there is evidence
to suggest that incorporating an outdoor session into the
event may be especially effective for engaging diverse students
(Laursen et al., 2007; Stevenson et al., 2013).

Impact on Knowledge
Group C, composed of senior females, had the highest initial
knowledge scores and did not show a significant increase at
the end of the activity. Group A contained a mix of female
juniors and seniors and did show a significant improvement in
scores. However, Group B had the largest increase in knowledge
from the activity which suggests middle school may be the
target age group for such activities, in agreement with Stevenson
et al. (2013) who noted that middle school is a pivotal time for
influencing environmental literacy.We should note that Group B
was the youngest, but also themost diverse (gender, ethnicity, and
socioeconomic diversity) which may also account for the larger
increase of knowledge due to the outreach activity (Stevenson
et al., 2013). Differences in students’ assumed knowledge based
on school courses could explain the differences in initial survey
scores between the groups, but more work needs to be done to
better assess the variables that affect the increases in scores by the
end of the activity.

During the course of the field activity, the need to be able to
connect samples to the collection site with sketches (Figure 4)
and notes of sufficient detail to be able to return in a week or
a month or a year and sample the same spot was emphasized.
This concept of sampling over time underscored the importance
of consistent labeling schemes. Students appreciated the ability
to be creative in their labeling schemes and group names.
The main point emphasized was that the schemes needed to
be clear and make sense and be something that you could
refer back to and use going forward. But the details of the
labeling (numbers, letters, descriptions) were left completely up
to the participants. This encouraged group discussion about
how best to identify sites, sketch markers, and logically set up
a labeling system, increasing awareness of practical aspects of
scientific methodology.

Impact on Attitudes
No significant impact on the view of environmental science
among high school groups was reported. This may be because the
participating classes were in advanced biology and environmental
science classes, and therefore potentially already had a favorable
view of environmental science, although the surveys did not
collect data to assess this possibility. However, the data does
indicate a positive impact on the middle school group’s
excitement about environmental science. This was also easily
observable in the energy levels of the students while in the field,

and again supports the notion that middle school may be a
pivotal time to get students excited about environmental science
(Stevenson et al., 2013).

For all three groups, there was a significant increase
in students’ assessment of their understanding of the iron
biogeochemical cycle and even more so for their ability to
identify iron oxide deposits in streams. More confidence
in ability to identify iron oxides may be due to the very
visible, distinctive color, and morphology. Classroom lectures
on the biogeochemical cycle of iron are less tangible than
seeing the stream water biogenic iron formations in person.
There was also a marked increase in knowing what PPE
to wear. Students likely had some experience with wearing
gloves in class labs, but less of an idea of what was needed
in the field to keep both samples uncontaminated and
people safe.

Although the surveys were not designed to capture
information about the outreach impact on student perceptions of
“stereotypical” scientists, previous research by Miller et al. (2018)
suggests that increased exposure to diversity in scientists has a
positive effect in broadening the stereotype of a scientist. Multiple
lines of evidence indicate that student attitudes about science and
scientific careers impact their success (Schinske et al., 2015). The
university research team included female and minority scientists,
providing students with a variety of role models (Laursen et al.,
2007). An added benefit of involving a diverse university research
team in these outreach activities is the chance to showcase the
real people who become scientists and their different pathways to
achieving that goal.

The SWIMNC outreach activity aimed to increase student
knowledge and excitement about environmental science by
combining classroom learning, a hands-on field sampling
activity, and a highly visible macroscopic phenomenon.
Providing students with a “scientist-for-a-day” experience
at a site being used in an ongoing scientific study had a
positive impact on both environmental science knowledge
and attitudes, particularly with younger groups of students.
This suggests that these types of outreach activities may
be more effective in imparting knowledge and excitement
when participants are middle school or early high school
students. Based on the survey results and anecdotal evidence
from the three groups to participate in this activity to
date, this approach is a promising way to educate and
excite students.
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