
Redman et al. Evo Edu Outreach           (2021) 14:13  
https://doi.org/10.1186/s12052-021-00152-0

CURRICULUM AND EDUCATION

Utilizing inquiry‑driven science outreach 
to curate Natural Trap Cave fossils and inspire 
the pursuit of STEM careers
Cory M. Redman1*  , Susumu Tomiya2,4, Kathleen Bitterman2, Kacia Cain3 and Julie A. Meachen2 

Abstract 

Despite the rising emphasis on STEM (science, technology, engineering, and mathematics) education in the last two 
decades, the United States has seen little change in student performance, based on international assessments. Trans-
forming science education from the more traditional, lecture-format classes to inquiry-driven exercises is central for 
improving student’s STEM literacy and competency at all grade levels. This paper describes an outreach program that 
was developed for upper-level U.S. high school students (10th–12th grade) and centers around hands-on, inquiry-
driven exercises using the large-bodied (> 3 kg) mammalian fossils from Natural Trap Cave (NTC). The objectives of 
this program were for the students to develop an understanding of the morphological adaptations of the vertebrate 
skeleton, preservational biases in the fossil record, and to participate in each of the curatorial steps used for the long-
term preservation of fossils. Students from Des Moines Public School Central Campus came to Des Moines University 
2 hours a week for a semester, receiving high school and community college credit for participating. The NTC out-
reach program has been offered for 11 semesters since the fall of 2014. Thirty-four high school students have partici-
pated, consisting of 24 women and 10 men, with 19 of the students belonging to African American, Middle Eastern, 
Asian, and Hispanic ethnicities. The students helped to identify and curate 3,700 NTC fossil specimens. Several of the 
students presented posters on the work they did during this outreach program at the multiple district and state sci-
ence fairs in Iowa and received accolades. Only the 2017–2019 students were surveyed, but all the students reported 
gaining a deeper understanding of the scientific process and the utility of paleontology. One student even reported 
changing their career goal from undecided to a STEM field. The framework developed for the NTC outreach program 
can be easily modified to fit the needs or structure of another research project, community partnership, science labo-
ratory, or museum facility, with the target audience being students from middle school to undergraduate. This type of 
STEM outreach program can also help improve scientific literacy and generate much-needed excitement and interest 
in science, at a time when many students are exploring potential career paths.
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Introduction
Addressing challenges of the twenty-first century (e.g., 
climate change, loss of biodiversity, food security, new 
pathogens, environmentally induced health issues) 

requires a competent STEM (science, technology, engi-
neering, and mathematics) workforce, composed of sci-
entists, engineers, policymakers, and the public, who 
recognize the gravity of these challenges and can devise 
creative solutions. This can only be achieved through 
the significant integration of STEM disciplines into K-16 
education (Brewer and Smith 2011; Cook et  al. 2014; 
Grant et  al. 2017; Haak et  al. 2011; Honey et  al. 2014; 
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Jarrett and Burnley 2003; Maltese et  al. 2014; National 
Research Council 2012; Nazier 1993; Potvin and Hasni 
2014). Despite the rising emphasis on STEM education 
in the last two decades, the United States has seen little 
change in student performance, based on international 
assessments. The United States’ TIMSS (Trends in Inter-
national Mathematics and Science Assessment) and the 
PISA (Program for International Student Assessment) 
scores have not changed significantly since these assess-
ments were first implemented in 1995 and 2000, respec-
tively (Schleicher 2019; TIMSS 2019). TIMSS’ 2019 
assessment ranked U.S. fourth graders eighth among the 
64 participating education systems and U.S. eighth grad-
ers ranked eleventh among the 46 participating educa-
tion systems. Both grades had an average score that was 
not statistically different from nine other educational 
systems (TIMSS 2019). PISA’s 2018 assessment ranked 
U.S. 15-year-old students (~ 10th grade), 36th out of 
the 78 participating countries, with their average score 
not being statistically different from 12 other countries 
(Schleicher 2019). STEM outreach programs can help 
address this issue, increasing STEM literacy and excite-
ment in the U.S. at all age levels.

Transforming science education from the more tradi-
tional, lecture-format classes to inquiry-driven exercises 
has emerged as a central theme to improve student per-
formance at all grade levels (K-16; Freeman et  al. 2014; 
Grant et  al. 2017; Haak et  al. 2011; Handelsman et  al. 
2004; Kelly and Visaggi 2012; Kontra et  al. 2015; Next 
Generation Science Standards 2013; Olcott 2018; Win-
stone and Milward 2012). Active, inquiry-driven exer-
cises increase students’ knowledge retention, because 
they are shaping the progression and outcomes of an 
exercise. Inquiry-driven exercises provide students with 
a question (or allow them to create their own), generate 
predictions, develop hypotheses, gather relevant data 
from physical specimens or online databases, and con-
duct analyses to test their hypotheses (e.g., Cook et  al. 
2014; Grant et  al. 2017). This exposes students to key 
concepts and relates more abstract concepts (e.g., evo-
lutionary theory) to real world examples, while engaging 
with the scientific method and the process of discovery.

The positive impact of inquiry-driven exercises cen-
tered around physical specimens (e.g., fossils) is signifi-
cant (Cunningham 2021; Haak et  al. 2011; Kontra et  al. 
2015; Maltese et al. 2014; Suarez and Tsutsui 2004). Phys-
ical specimens provide a tactile focal point for questions, 
concepts, and data. For many students, specimen-based 
learning encourages their curiosity, drawing upon their 
personal interests, and can engage students who may not 
normally be an active classroom participant or have dif-
ferent learning styles, including those with limited Eng-
lish proficiency. Such experiences increase the prospect 

of recruiting underrepresented groups into STEM fields 
(Hughes 2018; Meyer et  al. 2012; Sadler et  al. 2012; 
Smith-Doerr et  al. 2017; Visaggi 2020; Wang and Degol 
2017).

This paper describes an outreach program that was 
developed for upper-level U.S. high school students 
(10th–12th grade) and centered around hands-on, 
inquiry-driven exercises using the disarticulated, large-
bodied (> 3  kg) mammalian fossils from Natural Trap 
Cave (NTC). NTC is a well-known Quaternary (i.e., Ice 
Age) fossil locality located in the Big Horn Basin of Wyo-
ming (Martin and Gilbert 1978; Fig.  1). This outreach 
program was developed in conjunction with a concur-
rent paleontological research project on NTC. The active 
research project examines how late Pleistocene warming 
events may have precipitated genetic and morphological 
changes in North American mammals whose remains 
had been preserved in the cave (e.g., Meachen et al. 2016; 
Tomiya and Meachen 2018). The goal of the outreach 
program was to increase public high-school students’ 
exposure to evolutionary and whole organismal biology 
and geology and provide them with the opportunity to 
participate in paleontological research and collections 
care. Additional goals of the program were to increase 
excitement and interest in science, at a time when many 
students are exploring potential career paths, raising 
awareness about the necessity for natural history collec-
tions, and addressing student misconceptions about sci-
ence and the scientific method.

Methods
All of the vertebrate fossils used in this outreach pro-
gram came from NTC. NTC is a pitfall trap, with its 
only entrance consisting of a 24.5  m (80 ft) drop. NTC 
is an important fossil locality that produces a wealth of 
disarticulated, large- and small-bodied vertebrates and 
pollen from the late Pleistocene and early Holocene 
epochs (Wang and Martin 1993). Fossil excavations in 
NTC have been conducted by multiple teams of scien-
tists starting in 1969 (Rushin 1973), with the most recent 
excavations starting in 2014, by a team of international 
researchers, led by Julie Meachen of Des Moines Univer-
sity (DMU). NTC has yielded 18 large-bodied mammal 
species (> 3  kg), including many of the charismatic spe-
cies (e.g., mammoths) associated with the last Ice Age 
(Table  1). NTC’s large-bodied mammalian assemblage 
was the focus of the inquiry-driven exercises developed 
for the high school outreach program reported here. The 
objectives of the program were to introduce students to 
the form and function of the vertebrate skeleton, partici-
pate in each of the curatorial steps used for the long-term 
preservation of fossils, and conduct statistical analyses to 
test for preservational biases in NTC’s fossil assemblage 
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that could affect paleontological interpretations. The 
learning objectives each semester were determined by 
the need or progression of the NTC research project. For 

example, skeletal morphology and fossil curation were 
the focus early on, because there were large field collec-
tions that needed to be identified and curated. As the 
data set increased, students switched from an emphasis 
on fossil curation to taphonomic (the process of burial 
and preservation or destruction) analyses of NTC’s fossil 
assemblage.

The NTC outreach program was a collaboration 
between J. Meachen’s research team at DMU and Kacia 
Cain, a biology teacher at Des Moines Public School 
Central Campus (PSCC) and most recently at Winterset 
High School. The instructors of this program consisted 
of C. Redman (postdoctoral researcher with 8  years of 
experience supervising students in a laboratory setting), 
S. Tomiya (postdoctoral researcher with 9 years of prior 
curatorial experience, including supervising high school 
student interns), K. Bitterman (lab manager with 9 years 
of prior experience as an instructor in similar outreach 
programs), and J. Meachen (Principal Investigator of the 
NTC research project and a tenured Associate Professor 
with 20 years of experience in mammalian morphology). 
Student recruitment began at the start of a semester, 
with J. Meachen giving in-class presentations to K. Cain’s 
upper-level science classes. The forty-minute presenta-
tions outlined the ongoing NTC research project and 

Fig. 1  Map of the USA showing the location of Natural Trap Cave in relation to Des Moines, Iowa

Table 1  Species and common names of the large-bodied 
(> 3 kg) mammals found in Natural Trap Cave

Mammuthus sp. (Mammoth)

Camelops sp. (Camel)

Equus sp. (Caballine horse)

Haringtonhippus sp. (Stilt-legged horse)

Bootherium bombifrons (Musk ox)

Bison antiquus and Bison bison (Bison)

Ovis canadensis (Bighorn sheep)

Antilocapra americana (Pronghorn)

Arctodus simus (Short-faced bear)

Panthera atrox (American lion)

Miracinonyx trumani (American cheetah-like cat)

Canis cf. lupus (Beringian wolf )

Canis latrans (Coyote)

Aenocyon dirus (Dire wolf )

Gulo gulo (Wolverine)

Vulpes vulpes (Red fox)

Lynx sp. (Lynx and/or Bobcat)



Page 4 of 10Redman et al. Evo Edu Outreach           (2021) 14:13 

how the students would be contributing to the project. 
Interested students were required to write a one-page 
essay explaining why they wanted to participate in the 
program and why they thought they would be an asset to 
the project. Based on the essays and consultation with K. 
Cain, students were accepted into the outreach program 
for one semester, with the opportunity to re-enroll for 
subsequent semesters if space was available. PSCC deter-
mined that students would earn 1 hour of high school 
and community college credit in independent study each 
semester, provided they had minimal absences and kept 
weekly journal entries.

Up to six students were accepted into the outreach 
program every semester, with the limiting factors being 
lab space and the number of instructors available. Stu-
dents participating in the outreach program came to Des 
Moines University campus 2 hours per week after school 
or Wednesday afternoons to work with the NTC fossils 
in J. Meachen’s lab. DMU and PSCC are in close proxim-
ity to each other (~ 1.6 km or 14 city blocks), so students 
were required to find their own means of transportation 
to DMU. Students walked, carpooled, or took the city 
bus. DMU parking permits were provided to students 
who drove, and the city bus was free with a student ID. 
From the instructors’ perspective, it was easier having 
the students come to DMU than having to pack up a sub-
set of NTC fossils, extant comparative material, and any 
hard-copy references to take to PSCC. Having the stu-
dents come to DMU and work in an active research lab 
also provided a unique, immersive learning experience 
and reflected the atmosphere of a professional internship.

At the start of each semester, admitted students were 
given a broad overview of the program’s structure, stu-
dent expectations, and proper lab etiquette and handling 
of fossils. Every student was given a lab notebook for tak-
ing notes, doing anatomical drawings (Fig.  2), and their 
weekly reflections. The high school students that partici-
pated in the NTC outreach program had little to no back-
ground in zoology, paleontology, Earth sciences, museum 
curation, or anatomy, so our inquiry-driven exercises 
were designed to teach fundamentals. To understand 
the form and function of the vertebrate skeleton, stu-
dents would dedicate a significant portion of their time 
to learning comparative skeletal morphology, including 
the terms used for anatomical directions. Instructors 
would introduce one skeletal region at a time (e.g., upper 
limb) for the students to explore, giving a brief overview 
(< 30 min) of bone names and their skeletal position and 
orientation. Students would pair up and be given 2–4 
human bones that did not articulate but came from the 
same body region. The students would work together to 
identify all the bones, determining their position and ori-
entation, sketch the bones, and come up with multiple 

features that could be used for identification. Introduc-
tory human anatomy textbooks and an articulated human 
skeleton were provided for reference. Once a student pair 
had correctly identified their bones, each student would 
take turns teaching their peers about the morphological 
features that could be used for identification, leading to 
a student-driven discussion about which morphologi-
cal features are diagnostic for different bones. Complete 
bones from the human skeleton were used to introduce 
skeletal anatomy, so students could reference their own 
body.

Once the students became familiar with the human 
skeleton, they were introduced to skeletal elements of 
various extant species (e.g., dog, cat, horse) that were 
closely related to the fossil taxa found in NTC. With this 
comparative material, we discussed skeletal adaptations 
for different locomotor habits and diets. Student pairs 
were then given NTC fossils to focus on finer morpho-
logical details. Sometimes they were told what species 
the bones came from and sometimes they would have 
to figure that out. The goal of these exercises was not 
for every student to handle every bone from each taxon 
found in NTC, but for the students to develop a system of 
identification that worked for them. Instructors recom-
mended that students set up a simple method of elimina-
tion (e.g., starting with body size), but each student was 
left to design their own system. Occasionally, the stu-
dents’ knowledge would be tested using fun, game-show 
type activities (e.g., Pictionary), with students winning 
candy for correct answers. The goal of these games was to 
reinforce concepts and help students improve their scien-
tific observation and critical thinking skills.

As the students became more confident and accurate in 
their bone and taxon identification, they were given the 
more complete skeletal elements recovered from NTC 
and asked to verify the field ID of the bone and taxon 
(Fig.  3). Identifying the more difficult or incomplete 
skeletal elements from NTC, were given to the students 
towards the end of the semester, so they did not get dis-
couraged and had a knowledge base to draw from. To 
help identify the taxa from NTC, students had access to 
comparative skeletal guidebooks (Table 2), scientific arti-
cles, online resources, and disarticulated skeletons from 
related extant taxa. Having a complete skeleton of each 
species or a closely related taxon (e.g., an African lion 
skeleton for an American lion) found in NTC would have 
been ideal, but was not possible, so the students had to 
rely on the other resources provided. All students’ skel-
etal and taxonomic identification were checked by an 
instructor before it was entered into a provisional collec-
tion spreadsheet.

The high school students involved in the NTC outreach 
program also performed each of the steps used in the 



Page 5 of 10Redman et al. Evo Edu Outreach           (2021) 14:13 	

curation and long-term preservation of fossils (Fig.  4). 
These steps included: basic specimen preparation, iden-
tification, photography, and data entry. These tasks were 
not done by the students in any particular order, but 
depended on the need of the ongoing NTC research pro-
ject. Proper techniques for handling fossils to minimize 

accidental damage (e.g., dropping a fossil) and never 
separating a fossil from its data sheet, were ingrained 
into all the students at the start of the semester. Proper 
curation techniques were taught through demonstration. 
Instructors would show a student or a student pair the 
proper technique and once the students had mastered 

Fig. 2  An example of an anatomical drawing from a student’s notebook
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the technique, they would teach their peers. The fossils 
recovered from NTC are typically incomplete and have 
experienced various degrees of water saturation, but lit-
tle to no weathering. Fossil preparation usually consisted 
of using a damp toothbrush to gently clean the bone of 

any matrix, letting the specimen air-dry, and then apply-
ing any adhesive (Paraloid B-72 in acetone) to repair 
breakages. Several specimens in small plaster jackets 
have been collected from NTC, but these were also eas-
ily prepared by students, using small paint brushes and 
dental picks. Students spent a majority of their time on 
fossil identification and would photograph any speci-
mens that were complete or unique, so the photos could 
be used as a reference for future lab and field work. Pho-
tographing skeletal elements from the extinct taxa found 
at NTC was the priority, because the comparative mate-
rial was limited. The final curation task that some of the 
students performed was basic data entry. Only a small 
number of capable, detail-oriented students performed 
this task, because accuracy was paramount. All the fos-
sils collected from NTC are reposited in the University 
of Wyoming’s (UW) Collection of Fossil Vertebrates. 
UW provided a Microsoft Excel spreadsheet with the 
required information fields needed for each specimen. 
Students would work in pairs filling out simple parts of 
this spreadsheet, one reading the information out aloud 
and the other entering the data. Students that did data 
entry started with the fossils they had identified, so they 

Fig. 3  Students identifying Natural Trap Cave fossils

Table 2  A list of the core comparative skeletal guidebooks used in this outreach program

A Guide to Post-cranial Bones of East African Animals, by Rikki Walker (1985)

Bone Guide to Selected Land Mammals of the Northwestern States, by Lee Post (2016)

Comparative Osteology: A Laboratory and Field Guide of Common North American Animals, by Bradley Adams and Pam Crabtree (2011)

Mammalian Osteology, by B. Miles Gilbert (2003)

Fig. 4  A student doing basic specimen data entry
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could continue taking ownership of their work. All of the 
students’ data entries were also carefully checked by an 
instructor.

The high school students also took part in a guided 
research project to assess whether any preservational 
biases indicated predator involvement in the accumula-
tion of NTC’s large-bodied skeletal elements. In other 
words, did all the large-bodied vertebrates accidentally 
fall into the cave and die or did some skeletal elements 
occur in significantly higher abundances, potentially rep-
resenting body parts that were dragged into the cave by 
carnivores? As part of the introduction to the project, 
students read and discussed two publications: Wang 
and Martin (1993) and Spencer et  al. (2003). Students 
were given several questions to answer for each paper, to 
stimulate group discussion. Wang and Martin (1993) pro-
vided background information on NTC and Spencer  et 
al.  (2003) used a similar methodology that the students 
would be employing. For the guided research project, stu-
dents used a chi-square test to analyze the relative abun-
dance of skeletal elements recovered in 2014 and 2015, to 
test whether certain body parts were over-represented. 
This project built upon the taxon and bone identifica-
tions completed by other students earlier in the outreach 
program. Each student or pair of students chose a verte-
brate group (i.e., carnivorans, horses, or artiodactyls) to 

analyze, presenting their findings to their classmates and 
instructors with slides. Some of the students also pre-
sented their work in a poster format at several district 
and state science fairs, such as the Des Moines Public 
Schools District Science Fair, State Science and Technol-
ogy Fair of Iowa, and the Iowa Junior Academy of Sci-
ence Symposium (Fig.  5), with logistic support from K. 
Cain. In preparation for these science fairs, K. Cain also 
provided opportunities for the students to practice their 
presentations in front of their peers at PSCC. 

Results
The NTC outreach program has been offered for 11 
semesters between the fall of 2014 and the spring of 2020. 
Thirty-four high school students in grades 10 through 12 
have participated in the program, with 13 students par-
ticipating more than one semester. Student breakdown 
consisted of 24 women and 10 men. Nineteen of the 
students belonged to a minority group, including Afri-
can American, Middle Eastern, Asian, and Hispanic eth-
nicities. With the help of the students, the NTC research 
project has been able to identify and curate ~ 3700 fossil 
specimens.

High school students presented their research and 
shared their scientific knowledge at the above-mentioned 

Fig. 5  A student presenting their taphonomy project at the State Science and Technology Fair of Iowa
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science fairs and the Governor’s 2018 Future Ready Iowa 
Summit. Several of the students were awarded first place, 
second place, and honorable mention in their respective 
fair categories and one student won a $500 scholarship 
for her guided independent research. The Governor’s 
2018 Summit was composed of leaders from business 
and industry, educators, elected officials, and students, to 
discuss transforming education with a focus on expand-
ing work-based opportunities. Students from the NTC 
outreach program set up a table for the summit, explain-
ing their research and the importance of fossils and natu-
ral history collections to the attendees.

Discussion
Having a dedicated and enthusiastic high school science 
teacher as a community partner was essential to the suc-
cess of the NTC outreach program. K. Cain’s feedback for 
recruiting and selecting students was important, because 
she worked with the students on a regular basis. Carefully 
selecting motivated students was an important factor in 
the program’s success. The foundational knowledge the 
students needed to achieve the outreach program’s objec-
tives were developed through the inquiry-driven exer-
cises, but the students needed to come in with an interest 
in science. That is why J. Meachen gave in-class recruit-
ment presentations to upper-level high school science 
classes. PSCC is a regional academy offering advanced, 
dual credit (high school and college) courses for col-
lege and career readiness to high school students in the 
Greater Des Moines area. The two thousand student 
body comes from 40 participating high schools. Enrolled 
students are at PSCC 2 days a week, while spending the 
rest of their time at their local high school. This unique 
structure allowed the NTC outreach program to recruit 
from a diverse pool of students from a relatively wide 
geographic area.

Only 34 students over 11 semesters participated in the 
NTC outreach program, because its structure requires 
that students receive a lot of personal instruction and 
guidance. It was important that we remained flexible to 
the diverse needs of the students, especially since they 
were being exposed to a lot of new information and con-
cepts over a short period of time. If similar questions 
from multiple students were raised, lab activities were 
halted and a quick instructional or review lesson would 
be given on a particular topic. These short instructional 
lessons would use a group discussion format to continue 
promoting peer-learning. Taking high school students 
into the field would have been a component of the NTC 
outreach program, but the U.S. Department of Interior’s 
Bureau of Land Management (BLM), which manages 
NTC, prohibits anyone under 18 years of age from enter-
ing the cave for safety and liability reasons. However, K. 

Cain was able to join the NTC field expeditions in 2015 
and 2016 and gain a firsthand experience in fieldwork, 
which enabled her to more effectively communicate the 
big picture of the research program to the students and 
support our educational mission. Other inquiry-driven 
exercises that were considered for the NTC outreach 
program included 3D scanning and modeling of fossils 
recovered from the cave, and having the students work 
on the small-bodied vertebrates (i.e., vertebrate microfos-
sils), but these exercises have not yet been implemented.

Students that participated in the guided research com-
ponent in the 2017–2018 school year were given anony-
mous, online survey questions at the end of the semester, 
including how their perception of paleontology or sci-
ence had changed in general. The students’ responses fol-
lowed a common theme. They had not realized “all the 
unique real-world applications of paleontology” or that 
paleontology was “much more vast than [they] had pre-
viously believed” and paleontologists “do much more 
relevant and significant work in the science community”. 
The students also commented that the NTC outreach 
program deepened their understanding or exposed them 
to the authentic process of scientific research in a labo-
ratory setting. One student commented that they found 
scientists to be “more relatable and more down to earth” 
than they had expected, prior to participating in the 
program and regularly interacting with the instructors 
(i.e.,  scientists). Thus, the immersive learning experi-
ence in the NTC outreach program not only cleared up 
students’ misconceptions about a particular field of sci-
ence and scientists, but also made science more valuable 
and approachable to the  students. These are fundamen-
tal steps to increasing student engagement in STEM 
fields. The students surveyed also expressed interest in 
participating in paleontological fieldwork, ancient DNA 
research, or studying other groups of organisms, suggest-
ing that the inquiry-based approach of the outreach pro-
gram helped ignite the participants’ scientific curiosities 
even beyond the scope of the NTC research project.

During the 2018–2019 school year, students were sur-
veyed before and after participating in our outreach pro-
gram, in conjunction with J. Meachen’s follow-up study 
on the Rancho La Brea Tar Pits, as one way to assess its 
impact on the student’s knowledge and attitude towards 
science. The questions on the survey included: How 
interested are you in (1) climate change and the envi-
ronment, (2) scientific research, (3) fossils and extinc-
tions, (4) museums and natural history collections, and 
(5) statistics? Using a Likert scale of 1–5, where 1 is the 
least interested and 5 is extremely interested, the results 
changed as follows: interest in climate change, the envi-
ronment, and scientific research remained high at a 4.5, 
interest in fossils and extinction went from a 2 to a 4.5, 
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interest in natural history museums went from 1.5 to a 
3.5, and interest in statistics went from a 2.5 to a 3.5. One 
student even commented that their career goal changed 
from undecided to a STEM field. These results illustrate 
the positive impact the outreach program had on the stu-
dent’s attitude toward STEM fields. Neglecting to survey 
all the students that participated in the NTC outreach 
program was an oversight that we recommend other pro-
grams should remedy.

The framework developed for the NTC outreach pro-
gram can be easily modified to fit the needs or structure 
of another research project, community partnership, 
science laboratory, or museum facility, with the target 
audience being middle school or undergraduate stu-
dents. This type of outreach program could be used as 
an opportunity for graduate students to hone their teach-
ing and mentoring skills and directly addresses the U.S. 
National Science Foundation’s broader impact state-
ment of societally relevant outcomes, including improv-
ing scientific literacy and recruiting underrepresented 
minorities in STEM. The NTC research project directly 
benefited from the outreach program, because the high 
school students helped to identify and curate 3700 fossil 
specimens.

Conclusion
Responding to the major challenges of the twenty-first 
century (e.g., climate change, rapid urbanization, envi-
ronmental protections, and energy security) requires a 
workforce to think critically, collect and analyze relevant 
data, and interpret that data for the purpose of crafting 
creative solutions. This outreach program uses the pub-
lic’s fascination for fossils as a gateway to helping build 
a stronger STEM workforce and better-informed citi-
zens. The NTC outreach program provided high school 
students with a unique, immersive experience to work 
with and learn from scientists in an active research labo-
ratory for a whole semester. Students took an active role 
in reviewing and extracting relevant information from 
scientific publications, utilizing the scientific method, 
analyzing real-world data, conducting statistical analy-
ses, working independently and as a team member, giving 
presentations, and sharing scientific knowledge in profes-
sional settings. These are transferable skill that will help a 
student to succeed professionally in the future, whether 
they choose to pursue a career in STEM or not.
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