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Engaging Rural Youth in Multidisciplinary Inquiry through Archaeology

Abstract

Afterschool programs for youth play an important role in stimulating a sustained interest in STEM fields (science, technology,
engineering, math). While there is a demonstrated need for such informal education programs, implementing them can
be challenging due to limited staffing, funding, and operational costs. University-Assisted Community Schools (UACS)
initiatives offer established pattnerships, support networks, and opportunities to provide informal education expetiences
for youth. Binghamton University’s Community Schools (BUCS) is a well-established UACS initiative whete families and
children receive coordinated support and college students gain experiences ourside the formal classroom. Using its UACS
approach, BUCS joined with the Public Archaeology Facility (PAF), a research center on the Binghamton University campus,
and faculty in the Department of Teaching, Learning and Educarional Leadership (TLEL} to support a National Science
Foundation’s Advancing Informal STEM Learning (AISL) grant that funded a project entided, Engaging Rural Youth in
Mudtidiscipiinary Inguiry through Archaeology. The resultant program offers a model for other communities to develop
similar afterschool programs, providing youth with informal learning opportunities in STEM disciplines. The grant advanced
an innovative approach to teaching STEM to youth in rural school districts using modules based on scientific concepts used in
archaeology supplemented by Indigenous knowledge. This article describes the partnerships, the research aims of the program,
the archacological/Indigenous modules, and rescarch insights and includes a graduate student’s reflections on identity
and the process of becoming an informal educator, mentor, and colleague. These discussions illustrate the development,
implementation, and refinement of an archaeologijcal afterschool program that supports youth, undergraduate and graduate
students, and professional archaeologists as multidisciplinary STEM learners.

Introduction

Previous research suggests that interest and engagement in STEM (science, technology; engineering, math) can be triggered
at a young age, and informal learning experiences play a role in stimulating this interest {Maltese et al., 2014; Maltese
& Harsh, 2015). Afterschool programs are an important avenue for providing informal expetiences for adolescents to
engage with STEM concepts, practices, and skills. However, there are challenges in implementing such programs in rural
areas incheding lack of access to reliable transportation, limited funding, and lack of community partnerships to sustain
programs (Collins et al., 2008; Joyce et al., 2014). In this paper, we highlight a current partnership between a Binghamton
University (BU) archaeological research center, a University-Assisted Community Schools (UACS) program, universicy-
based educational researchers, and three local rural school districts in implementing a novel afterschool program focused on
supporting middle school youths’ participation as STEM learners using concepts embedded in the practice of archacology.
The objective of our partnership was to develop, implement, and refine an archacological afterschool program to supportand
engage youth, undergraduate and graduate students, and professional archaeologists as multidisciplinary STEM learners.
We contend that this partnership offers a model for collaborations with professional archaeologists in other communities
to develop similar afterschool programs and provide school districts with much needed informal learning opportunities,
particularly in STEM disciplines. Such partnerships also have the potential to advance a growing specialization in the
field of archaeology — community engagement — which is grounded in the principle of providing a public benefit from
archacological research.

The National Historic Preservation Act of 1966 (NHPA) introduced the concept of “the public benefit” of preservation
and outlined a community consultation process. The 1990 Native American Graves Protection and Repatriation Act
{(NAGPR A)required the highestlevels of outreach and consultation with descendant communities and their representarives.
Simultaneously, Black epistemologies (e.g., Blakey, 2008, 2010; Franklin et al., 2020; McDavid, 2011; Singleton, 1997),
Indigenous thought (e.g., Atalay, 2012, 2019; Colwell-Chanthaphonh & Ferguson, 2008; Gonzalez & Edwards, 2020),
and feminist theory (e.g., Battle-Baptiste, 2011) encourage archaeologists to incorporate various levels of community
engagement in their work. A growing contingent of researchers is incorporating and centering a variety of community
engaged practices in their research, ranging from public outreach and education to direct collaboration with stakeholder
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communities. BU's research team and the UACS initiative provided a unique partnership for assisting local middle school
districts with an informal program to enhance STEM education using applied archaeological learning modules.

University-Assisted Community School Approach at Binghamton
University

Binghamton University Community Schools (BUCS)is a multipronged initiative that leads local, statewide, and national
efforts to implement partnerships between higher education, schools, and communities. BUCS launched in 2014 after
many years of engagement between BU and local health and social services organizations and schools. The program
maximizes the resources of the university to enhance student learning (for both college students and pre-kindergarten to
high school students), f.u:ulty research,and community-engaged learning opportunities.As astrategy,community schools
are an economically viable way to reduce the negative influence of poverty on children's ability to thrive (Bronstein et al.,
2020; Williams, 2010). When universities engage as partners with community schools, they can simultaneously advance
university research, teaching, learning, and service, while serving as lead partners to provide long-term engagement of
faculty, staff, students, and institutional resources with the school. BUCS utilizes this strategy to implement a University-
Assisted Community Schools (UACS) model in the rural communities, towns, and small cities that make up Broome
County, New York.

Central to the mission of BUCS is the tenet that the partnership between higher education and schools is a mutually
beneficialone,where familiesand childrenreceivean arrayof coordinatedsupport, and college studentsgain richexperiences
not typically available in a formal classroom (Bronstein et al., 2020). This is facilitated in part by a notable partnership
between BUCS and the Division of Student Affairs'Center for Civic Engagement, which helps to militate much of the
student engagement in the local community schools.

The primary work of BUCS s carried out in three domains. First,local implementation of the UACS model isaccomplished
through the BUCS Regional Network. The Network brings together community school coordinators from nine school
districts within Broome County for professional development, opportunities to connect with community partners,
and network-building activities. Second, faculty and students from across disciplines engage in area community schools
through applied research, clinically rich internship placements, and volunteer opportunities. Examples include research
around financial literacy (Dzigbede & Young, 201 ), interprofessional education for social work., education, and nursing
students to address the needs of marginalized families in community schools (Leeet al.,2017), and a full-service community
schoolgrant through the U.S.Department of Education that has expanded community schools to two rural school districts
in Broome County led by faculty in the College of Community and Public Affairs. Third, through funding from the New
York State Education Department and the Netter Center for Community Partnerships at the University of Pennsylvania,
BUCS provides technical assistance for community school strategies in higher education in New York and NewJersey, as
well as school districts, community and faith-based partners, and afterschool programs throughout New York State. BUCS
provides technical assistance through universal and individualized suppon via communities of practice, webinars, toolkits,
one-to-one consultation, and regional events.

Along with these elements, BUCS also co-creates coursework and credentialing about community schools in collaboration
with the Departments ofTeaching, Learning and Educational Leadership (TLEL) and Social Work., and has formed critical
partnerships that span multiple disciplines across the university, including the Decker School of Nursing and Health
Sciences and the Masters of Public Health. Additionally, BUCS contributes to the national agenda around community
schools through its partnerships,advocacy work, and evaluation efforts.

The local implementation of community schools and the faculty engagement elements ofBUCS provided a platform for a
partnership between BUCS, TLEL, and the f.u:ulty partners associated with BUS Public Archaeology Facility (PAF). This

71



Engaging Rural Youth in Multidisciplinary Inquiry through Archaeology

tearn submitted a successful application for a National Science Foundation (NSF) Advancing Informal STEM Learning
{(AISL) grant designed to bring an afterschool program vo three rural school districts using archaeology concepts to teach
STEM components. This grant offers BU students opportunities to work with faculty and implement learning programs
for middle school students, providing expanded learning opportunities for these youth, as well as valuable teaching and
engagement skill-building for our university student participants. For graduate student participants, this skill-building
advances their preparation for careers in community engagement, an expanding field within archaeology.

Community Outreach and the Public Archaeology Facility

The NSF AISL program awarded the BU team of researchers and educators a two-year grant in 2020. Team members began
planning during the Covid-19 pandemic and ran the first in-person afterschool program in spring 2021. The program
benefited from the successful relationships that BUCS personnel had established with rural schools, which facilitated
the launch and delivery of the afterschool program. PAF’s longstanding community outreach mission, particularly with
school-aged participants, fits well with the mission of BUCS (Bronstein et al., 2020).

PAF is a research center on the BU campus that provides specialized archacological services to clients throughout the
Northeastern United States.' These services fall within a branch of archaeology known as cultural resource management
(CRM), which operates within the context of historic preservation and public archaeology. Since PAF’s establishment
in 1972, community outreach and engagement have become an increasingly important part of its mission (Miroff &
Versaggi, 2020; Versaggi, 2007). PAF archaeologists are committed, both personally and professionally, to engaging
various community constituencies in the research they conduct. For instance, staff respond to requests for programs on
archaeology and local precontact history to enhance school curricula. PAF provides speakers for community events, such
as Career Days, First Fridays, and Heritage Walks. They also invite community and school groups to tour the lab facilides
and, when feasible, visit ongoing excavations. In 1996, a core group of PAF archaeologists designed and implemented a
summer enrichment program in response to increasing requests for ways community members could be more involved in
archaeological research.? The Community Archaeology Program (CAP) includes three week-long sessions: Kids (grades
5 and 6), Teens (grades 7-10), and Adults (ages 16 and over). All three programs provide hands-on expetiences in the
classroom, field, and lab.

The success of these summer programs prompted CAP instructors to search for additional ways archaeology could
contribute to schools and communities using the CAP model. PAF entered into conversations with TLEL and BUCS to
see if CAP could enhance learning experiences for students in local schools through their community school initiatives.
These discussions encouraged us to develop and test archaeological activities that could be used to fulfill a community
need for informal afterschool programs focused on teaching STEM concepts. These conversations led to the joint proposal
to NSE’s AISL Pilot & Feasibility Program. The proposal focused on the overwhelming demand in rural schools for the
same informal STEM programs that are available to their nearby urban neighbors. BUCS and others have found that many
students in rural areas do not have opportunities to participate in athletics, music, or performing arts outside of school,
revealing a high demand for afterschool activities (Snellman et al., 2015; Zaff et al., 2003}. By extending CAP’s summer
program into the academic year and providing a more STEM-focused informal learning experience, we implemented a
program that fulfills this critical need.

https:/www.binghamton.edu/programs/public-archaeology-facility/index.html
2 https://www.binghamton.edu/programs/cap/

72


http://www.binghamton.edu/programs/public-archaeology-facility/index.html
http://www.binghamton.edu/programs/cap/

Jada McCann,Kara Jonas, Amber Simpson, Laurie E.Miroff,Naorah Rimkunas,Nina M. Versaggi,and Luann Kida

The Archaeological Afterschool Program

The purpose of the afterschool program was to advance youth knowledge of STEM through informal afterschool sessions
based on the science of archaeology. The target audience was middle schoolers (grades 6-8) from rural communities, and the
specific focal concepts included life sciences, technology (design and experimentation), physics, mathematics, and ecology.
A key goal was to advance STEM learning by having youth formulate hypotheses and collect data from artifacts, activities,
landscapes, and Indigenous knowledge. The data obtained tested hypotheses or fueled replication experiments about how
precontact Indigenous people designed and used tools, acquired and prepared food, communicated without writing,
practiced sustainable land use patterns,and maintained traditional ways of life into the present.

A central focus of the program was traditional Indigenous knowledge as it relates to science and the environment. A
Haudenosaunee Clan Mother,a Faithk.eeper (and wampum maker),and a storyteller from the Onondaga Nation presented
to thelearners, supplementingarchaeological concepts. Lessons included a performance by the storyteller,a cordage making
demonstration and hands-on activity, and the recitation of the Thanksgiving Address in the Onondaga language. Their
focus was Indigenous perspectives on the time depth of their relationship with elements of nature, and the need to treat
the environment and allorganisms within it with respect in order to sustain the practice of their traditional ways of life.

Archaeologists and their student assistants implemented the afterschool program twice in three rural middle schools in
Broome County, New York. Each program involved two hours of informal activities per week for 10 weeks. Enrollments
ranged from 10-20 youth per session.BU undergraduate and graduate students served as program assistants supporting
both the middleschool learners and instructor archaeologistsin the classroom.

Each day, different topics in archaeology were presented that highlighted a specific STEM concept. All lessons had a hands-
on component that reinforced the STEM concept. Topics and activities included: artifact identification/classification,
field surveying, stone tool replication and use, faunal (animal bone) analysis, flora (plant) analysis, cordage making, spear
throwing using an atlatl, wampum making (shell beads),landscape analysis, drawing toscale, hypothesis testing, diagnostic
artifact typologies,and storytelling (learning about a culture from oral tradition).

Anexampleofalesson was landscape analysis.For thismodule, youthlearned where peoplelived on the landscape thousands
of years ago and where they acquired subsistence and non-subsistence resources.STEM concepts included spatial analysis,
ecology, biology, and geography. This module built on previous lessons that focused on stone tool functions, floral and
faunal resources,and traditional ecological knowledge.Instructors guided discussion by asking learners a series of questions:

» What are the various geographical settings (floodplain, tem.ce, valley wall, upland)?

» How did people use these various settings and what types of archaeological sites did they develop (base camp, village,
temporary camp, resource procurement/processing location)?

* What factors beyond the natural environment may have influenced how precontact people selected site locations (e.g.,
territoriality, protection, religious beliefs, etc.)? How might this increase the difficulty for archaeologists attempting to
predict where Indigenous people settled in the past?

Instructors provided topographic maps with the school's location and discussed how to read these maps and where on the
map the learners would expect to find particular site types (hunting camp, fishing camp, village, etc.). Learners then went
outside to view the landforms that they identified on their topo maps (e.g.,floodplain,hilltop, wetlands, creek) and decided
iftheystill thought those landformswould have been advantageous for settlement, growingcrops,hunting, fishing, or other
functions. They answered questions about their "site" in ArcGIS Surveyl23 and plotted the sites on an interactive map.

"https;/flearningpolicyinstitute.org/sites/default/files/product-files/Community_Schools_Effective INFOGRAPHIC.pdf
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These data were downloaded and a map with all their "sites"was produced. As agroup, we then analyzed the landscape that
housed these various "sites."

A universally favorite activity was learning to throw a "spear" (dart) with an atlatl (wooden spear throwing device). This
lesson was done in conjunction with an exercisein hypothesis testing. Archaeologists introduced youth to an ancient piece
of technology (a spear thrower), and the physics behind it (leverage/levers, laws of motion, etc.). Based on this, learners
developed a simple hypothesis (e.g., a dart can be thrown farther with a spear thrower;or a dart can be thrown farther by
hand). Learners developed methods to test their hypothesis:Will all individuals throw? How many times? Will only the
farthest throw be recorded? Once they completed the experiment, learners examined the data to see if their hypothesis was
supported by the data collected. If it was not, the learners, guided by the educators, discussed if there were parameters that
affected the testing (e.g., wind, temperature, inexperience), or whether the hypothesis should be revised using different
variables.Youth then decided how to test the new hypothesis with experiments using the new set of variables or in different

weather conditions.

Around week six, learners formed groups and began their selected research project or experiment; they worked on the
project at least one day a week for the remainder of the program. The end product was a printed poster created in Google
Slides or a Google Slides presentation. Experiments included testing what type of tool (stone, bone, wood) cuts a root
vegetable better; what method is best for making cordage and how much weight can it support; and what variables make
an aclatl more effective for distance throwing (e.g., type of atlatl, person's height, dart length, person's arm length). The
program concluded with a capstone event at which learners presented their projects to teachers, school staff, and their
families similar to a professional conference poster session. Through these projects, youth learned an important STEM
process — devising hypotheses, creating ways to test hypotheses, interpreting and presenting results, and working in teams

where tasks are divided among the team members while all work to achieve a product.

The archaeological afterschool program contributed to a UACS initiative by filling an educational need for informal
STEM programs for students in rural areas. Through novel hands-on activities, learners engaged with STEM concepts
through archaeology.This pilot program provided educational researcherswith data to assess program goals regarding how
archaeological activities contribute to building a STEM identity for participating youth, and pedological advancement for

the undergraduate and graduate student assistants. These Will be discussed in the following sections.

Research Insights

As part of this program, we examined how the development and implementation of the program supported and engaged
youth (i.e., middle school learners) in STEM learning and identity development as a STEM person. In this context, we
define a STEM person as an individual who engages with STEM concepts and processes, such as hypothesizing through
observation, or using principles of physics to throw a spear using an atlatl. The first aim was to understand the ways in
which BU graduate and undergraduate students supported youth participation as STEM learners. The second aim was

to identify ways in which a middle school student's participation in an informal STEM program shaped and shifted their
identity asa STEM person.

Aim 1: y>s in whkh BU grad Ate"nd tukrgmd Ate sttulents Sllpported ytn'th JNirlkijNition """ STEM
/ea,. ers.

To study this aim, the research team utilized information collected through field notes or observations, and written
reflections from the BU students themselves. Observations focused on the actions, dialogue, and interactions between the
youth and the educators (including BU students), and among the youth themselves. Once the program concluded for the

day,each observation wasadded to a two-column Google documentwhere the research team explained our observations in
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greater detail. See Figure 1 for a snapshot example of the research team’s field notes when learners sorted projectile points
into types based on their observations.

In-Program Observations

After-Program Explanations

Educators introduced learnars to the official New York

State artifact typology book that archaeologists use in
the field.

Educators introduced learners to the official New York
State artifact typology book that archaeologists use in
the field. By introducing this book to learners, they are
seeing first-hand how the activities they are doing in the
program are related to real-life archaeology.

Quotes from university students to middle school
students: (a) “Do you notice that kind of indent on any
other ones?” (b) “This is an interesting shape. What do
you think it could have been used for?” (c) “Explain how
you determined how to sort your projectile points.”

Quotes from educator to middle school students: (a)
“Make types, make categories, and make sure you can
explain why you put them there.” (b) “You had broad
categories and divided them up even farther.” (c) “Try to
find its side.” (d) “Do you think you can break them down
even farther? Maybe based on shape and width?”

BU students and educators encouraged youth to dive
deeper into their typologies, providing comments and
praise along the way. They let leamers find their own way,
and mostly allowed them to create typologies on their
own. As these quotes highlight, middle schoolers were
engaged as scientists as they communicated about their
sorting and were challenged to consider other ways to
observe the same “data.”

Figure 1: Example of two-column observation field notes

The left column, entitled “in-program observations,” included the actions, dialogue, or interactions we obscrved cach weck
during the duration of the 10-week program. The right column, entitled “after-program explanations,” corresponded with and
elaborated the observation on the left, Along with the observations, BU students were asked to complete 2 written reflection
each week where they derailed their experiences, observations, and overall feelings about the program in response to a set of
questions that were subject to change. After each BU student submitted their reflections, direct responses were placed in an
Excel spreadsheet where the research team created analytical memos to extract meaning from the data (Birks et al., 2008). Based
on the field notes from each school site and the written reflections submitted by each BU student, the research team was able
to focus on how this program supported the middle school students’ participation as STEM learners. With this information,
we drew connections between what we observed and what the BU student noted in their reflections.

In conjunction with the BU students, the archaeology afterschool program created an environment where youth could gain,
as well as expand upon, their STEM knowledge. Based on the data collected, we identified two prominent methods that
the educators of the archaeology afterschool program and/or BU students utilized to facilitate adolescents’ participation as
STEM learners. These methods included establishing rapport with the learners and asking them multiple types of questions.

Establisbing rapport with the middle school learners

Many of the BU students stated in their written reflections that they felt that creating a safe and comforting environment was
key to gerting the middle school students to participate in the activities more and more each week. The first, and perhaps the
most obvious, involved getting to know the youth. Many of the BU students took time cach week to ask the youth personal
questions about themselves, Adina, Mandy and Maxine are exemplars.? Mandy noticed a learner wearing a Marvel v-shirt, Asa
Marvel fan herself, she asked the learner about their favorite movies as well s their favorite superheroes. After Mandy formed
a bond with this learner, the young person began participating more in Mandy’s groups. In many instances, they would be the
first to try something, ‘This was not a theme just with Mandy. In her written reflection for week three, Adina stated that she
“was able to get to know [the students] better,” which led to feeling “more comfortable asking [her] questions.”

* Pseudonyms are used throughout this paper.
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The second method was providing continuous encouragement. In their written reflections, some BU students mentioned
that a few of the learners were having a difficult time engaging with every activity for a variety of reasons. Many encouraged
the adolescents to participate in each activity. For example, Maxine described making a conscious effort to interact with
the "lone wolves" of the program — learners who tended to work alone during activities. One specific instance occurred
during the mystery box, or hypothesis testing, activity. As observed, Maxine noticed Eric working on the activity alone at
one of the tables. Instead of ignoring this, Maxine sat with Eric and they began working on the activity together. In her
written reflection for that week, Maxine commented on this interaction, stating that by sitting there and encouraging Eric
throughout the activity and asking him questions, she "supported his student growth as a STEM learner." This provided
Eric with the opportunity to broaden his engagement in the program. We noticed that subsequently, Eric started to work

with his peers throughout the next few weeks following this encounter. When the program reached its conclusion, this
"lone wolf" seemed eager to participate in a group, sitting alongside his peers. Moreover, during activities, such as the
Pythagorean theorem activity, the BU students repeated phrases such as "We're gonna have fun," as well as "We're gonna

do this together." In this setting, the use of the phrase "we're" created the feeling of comradery.
Asking adolescents questions

Along with being a reliable presence during the activities each week, BU students began asking the adolescents different
types of questions to increase their STEM participation. These questions were either guided, open-ended, or focused
depending on the scenario and the task at hand. During the faunal analysis activity (also referred to as identification of
animal remains), Adina would ask the learners in her group questions in an effort to have them "figure out the answer on
their own [in order to] draw their own conclusions"based on what they noticed. Another BU student, Rosie, took to asking
the learners open-ended questions during the same activity in an attempt to "get them thinking again." Leading questions
were used to achieve a desired answer, while open-ended questions were used to stimulate thought. Both methods of
questioning allowed for the youth to apply their knowledge to the activity at hand. During the typology activity, learners
were asked to "type" (sort) projectile points (the stone tips for spears, arrows, and darts) based on defining characteristics
they may have noticed (see Figure 2). First, they were asked to try typing these points on their own; that is, create their own
classification system based on their observations. The middle school students typed the points on noticeable traits, such as
size, shape, and color. Once all the adolescents completed this task, the BU students and educators were able to ask them
about their classification system. From here, the BU students asked the youth questions (e.g., "Do you notice anything
else?""Would you be able to further 'type'these points based on any deformities?") in an effort to have them expand their

classifications. With the help of the BU students, the learners were able to further develop their own ideas.

In our observations, we noticed that the learners
tended to demand answers when they were feeling
overwhelmed with the task at hand. During the
faunal analysis activity, for example, the middle
school students became frustrated when they could
not identify the animal their specific bone matched.
Many of them approached the BU students in an
attempt to find an easy answer. They demanded
that the BU students "tell [them] what it is," as
well as "where it's from." Instead of taking the bait,
BU students turned the learners' demands into

a question. They would request that the learners

show them the last collection ofbones they observed

Figure 2: Image of middle school learners engaged in typology activity
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(e.g., "Well, where did you leave off? Why don't we go from there?"). Next, the BU students would go table-to-table with
the learner in question, working together to find the correct match to the bone (see Figure 3). By not giving the learners an

answer when they demanded it, and instead working in tandem to identifY the bone, the BU students increased the youths'

STEM participation. 4s mentioned earlier, they showed the youth that they do not have to struggle alone. Moreover, the

BU students turned frustration with an activity into a process to help the learners think outside their current mindset.

Figure 3:Image ofBU smdent and middle school learner working together

Some of the BU students used their questions as a
method to not just challenge the youth, but to get them
to challenge themselves. One BU student, Rosie, stated
in her written reflection for week one that she used
her questions to "encourage [the middle schoolers]
to think outside the box." This belief followed Rosie
throughout the program. During week four's cordage
activity, Rosie asked her students, "Which one would be
stronger, the braid or the twist, and why?" She wanted
the youth to not only come to their own conclusion,
but also formulate possibilities that supported their
reasoning. In other words, Rosie tried to get the learners
to challenge their own current frame of mind.

Aim  2: Possible ways in which a learner,s
participation in an informal STEM program can
shape and shift their identity as a STEM person.

Researchers used observations (data collection described in Aim 1) and information collected from the learners enrolled in

the program to address this aim. At the beginning of the program, the middle school learners were given a booklet (referred

to as student booklets) to use to write down their reflections based on their own personal experiences with the activities

that day (see Figure 4).

Figure 4:Image of middle school learners'decorated smdent booklets.

Inside each booklet was a two-sided chart, as
well as a place for the learners to write the date,
the name of the activity, and their reflection
regarding their self-selected identity from a
provided list (see Figure 5).* One side of the
booklet featured 10 "identities" along with
corresponding explanations that the learners
could choose from once they completed each
activity (Mercier & Carlone, 2021). They
were then asked to briefly explain why they
chose each identity. While they were given
brief descriptions of each identity in their
booklets, it was possible that they formed
their own interpretations of each "identity."

It is important to note that the number of

participants in activities and reflections varied from week to week as some joined later or left earlier in the semester or were

pulled out of the program for sports or other school-sponsored activities.

4 Definitions for the full list of "identities" can be found at https:lltinyurl.com/nvmeam32.
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At the end of the program, researchers collected
the student booklets for analysis. A spreadsheet
was created to count which identity(ies) each
learner chose for each activity. Table 1 includes
the 10 “identities” along with the counts for

“high”
STEM activides for this table to serve as an
example, We defined a “high” STEM activity as
one in which we felt an outsider could clearly
see the use of STEM concepts. In addition, the
research team read each of the learners’ one to
two sentence explanations, looking for quotes
that highlighted the reason they chose that
particular identity. We then highlighted the top
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Figure 5: Inside view of student booklet
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two identities for each activity.
Identity “High” STEM Activity
I deﬁ::.itil‘ifg;:ion (Pyti);;z‘r/::fasc}zem) Total Station Faunal analysis (Hyl\élgtslzeers};sB’?exset?ng)
Inventor 3 3 2 5 2
Tinkerer 1 11 4 4 4
Conservationist 1 -- | 3 -
Altruist 3 5 7 | 1
Designer 2 4 | | 1
Bravery 3 1 2 | 1
Investigator 9 1 9 16 9
Logician 4 9 10 — -
Observer 7 3 6 4 4
Archaeologist 7 - | 5 -

"Table L: “Identity” Count Per “High” STEM. Activity

Investigator

Investigator was one of the highest self-selected identities across all the activities that leatners participated in each week. It
was also among the identities that had a direct connection to STEM. According to the brief description provided in the
student booklets, an investigator is someone who came up with conclusions, or explanations, “by examining patterns”
{Mercier & Carlone, 2021, Table 1). Being an investigator means asking questions, as well as formulating conclusions to

the questions posed. In the afterschool archaeology program learners participated in many activities that required them to

ask their own questions and draw conclustons.

One such activity, referred to as Mystery Boxes (Science Museum Group, n.d.), or Hypothesis Testing, featured six sealed
boxes containing six different, unknown items. Middle school students were split into six groups of varying sizes. In their
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groups they were asked to figure out what was inside each box using all their senses except sight. Since they could not
see what was in the boxes, they devised thought experiments to guess the mystery items. This process is reminiscent of a
scientific method (Question, Hypothesis, Experiment, Results, Conclusion, or as we refer to it, QHERC).The learners
asked questions (e.g.,"Maybe it's round. Like a ball?") in order to form hypotheses (e.g., "I think it's a rock™). From there,
they tested their hypotheses. As observed, some groups dropped their box to see ifthe item inside would bounce.Others
smelled the box to see ifthe item had any distinguishing scent. Once every group finished examining each Mystery Box, the

learners reconvened to share their findings.

One learner, Adam, claimed he was an investigator because he "used [his] senses" to discover what was in each box. He also
stated that he"got them all wrongminus two."In other words, out of the six boxes,only two 0f Adam's hypotheses were correct.
Despite this, Adam still self-identified as an "investigator." He used his senses to "examine patterns"' within each mystery box.As
observed, Adam asked questions about the contents 0feach box, as wellas performed experiments to support hishypothesis.

Olnerver

Like investigator, "observer" was one of the highest self-selected identities across numerous activities. According to the
brief description provided in their student booklets, an observer is someone who "detects different STEM ideas while
listening and/or watching others" in the program. AS mentioned earlier, middle school students sometimes created their
own interpretations of each identity. Instead of detecting STEM ideas through listening/watching others, for example,
some learners utilized the "observer" identity when they witnessed STEM ideasin their own actions. Learners believed they
were most like this identity during activities where they had to examine objects that had been presented to them, such as

during the artifact identification, faunal, and hypothesis testing activities.

In particular, the faunal analysis activity required learners to examine the unknown bone given to them, looking for
similarities and differences between known bones in an animal skeleton. While some did not select "observer" as one of
their identities for this activity, many used this terminology in their explanations that situated them as observers. In her
student booklet, one learner, Jenny, stated that she "examined a bone" that had been given to her in an effort "to figure
out ifit was young [or] old,what animal it was, [and] ifit was tampered with." Another learner, Daria, described "looking
at bones and identifying the animals." In our observations, both Jenny and Daria seemed to be aware of their use of the
scientific method. For example,Jenny and Daria made their connections by using phrases such as "looks like" or "I think"

when speaking with a BU student about their conclusions.

Bravery

Bravery was one of the least self-selected identities across all the activities but one that the educators and BU students
observed beingexhibited among the youth participants.According to the brief description provided in the student booklets,
an individual who exhibits bravery is someone who "worked [outside of their] comfort zone, tried something new, [or] did
something that was scary." Being brave allows one to take risks they might not have done otherwise. Moreover, it allows a
learner to expand their knowledge through trial and error.In the archaeology afterschool program, for example,adolescents
may be working with concepts where they had little to no previous knowledge or experience. It took confidence, and
bravery, to work with new concepts. They explored these new concepts in a judgment-free zone created by the educators
and BU students participatingin the program.

The Pythagorean theorem activity is just one of many activities in which the learners worked outside of their comfort zone.
Since geometric concepts such as Pythagorean theorem are often taught late in eighth grade, it issafe to say that it may have
been unknown to thelearners in this program.During theactivity,the educators provided the youth with a briefexplanation
of the concept as well as how itis used inarchaeology. From there, they worked in tandem with the BU students to form a
"perfect one-by-one-meter square;" that is, a square that measures one meter on each side and has a hypotenuse of''1.41

meter[s]"(see Figure 6).For the duration of the activity, the BU students questioned the learners on their thought processes in

79



Engaging Rural Youth in Multidisciplinary Inquiry through Archaeology

an effort to help and guide them through
the unknown concept (e.g., “Why is this
side not exactly a meter?”).

When it came to the learners choosing
an identity from the list provided in
their student booklets, only one chose
bravery. In her explanation, Diamond
simply stated that she “was brave”
without any further detail, leaving us
to infer her motivation for this choice.
While the other learners did not select Eigure 6 Image of middle school learners using the Pythagorean Theorem

bravery, the phrases they utilized in their

explanations were ones that suggest this identity. Some learners used phrases such as “new math” when describing how they
used their math knowledge to create a perfect square. To most, if not all the learners, the Pythagorean theorem was new. They
had never seen, let alone worked with it before. Therefore, even if the middle school students did not select bravery as their
identity for this activity, they still exhibited signs of bravery. Moreover, one participant, Jenny, made note of how she “kept over
doing the meter” (in reference to trying to create a perfect square without the Pythagorean theorem), so she “nsed math to get
it tight.” As observed, Jenny tried something new, failed, and tried again once receiving help from the educators.

Summary of Insights

Insights from the research highlight the pedagogical moves that graduate and undergraduate students utilized in supporting

adolescents’ participation as STEM learners, namely by fostering a safe and comfortable environment through building

relationships and continuous encouragement, as well as posing different types of questions. As such, the BU students

enacted the actions of informal educators and mentors, which have been shown to activate and/or increase adolescents’

interest and engagement in STEM (e.g., Ko et al., 2018). In addition, learners’ identities as STEM learners within the
archaeological afterschool program, along with the activities in which they were most prevalent, highlight possible
instances in which a middle school student’s participation was shaping their developing identity as a STEM person. Prior
research has documented how the development of one’s identity in a STEM discipline through early learning experiences
is associated with pursuing a STEM career (e.g., Dou & Cian, 2020; Godwin et al., 2016}, fields that have a low number of
historically excluded social identity groups (NSF, 2021).

Becoming an Informal Educator

In addition to the two aims described above, a third aim of the project addressed how participation in the informal program
and professional guidance from che instructors helped graduate and undergraduate students on their journeys to becoming
informal educators. The university students had a2 wide range of teaching experiences prior to working on the grant. Some
had none, while others had only worked with college students; and a few had participaved in some informal education
settings. All had experience in STEM fields, but most did not have opportunities to combine STEM with informal
programs. All students were on a journey to becoming comfortable and competent in this pedological experience. One
graduate student, Kara, reflected on this process of “becoming” and contextualized it within their identity and experiences:

As a graduate student in Antbropology at BU, with a commitment to community engagement, this opportunity offered 4 way to
advance my skills outside the formal university dassroom. The grant provided professional development scaffolded by ongoing

*The Pythagorean theorem is a geometric concept which states that a>+ b?=c? in any right triangle. Archaeologists use this theorem to create excavation
squares, where solving for the hypotenuse is critical to making an exact square.
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mentorship and guidance from the principal investigators whose behaviors and methods for community education encouraged my
own sdfreflection in youth engagement and teachingpractia.r. Participation in theaftmchool program provided an opportunity to
combineformal and informal teaching pedagogy. I wa.r particularly exa:ted for thi.r opportuntty because I bad priorexperience with
bothend.rof this pectrum.Myt/.ndeTgl 7lduate.rtudie) weredim:ted toward a carn:rinpu.blicteaching while my formativeexperima.r
aran arr:haeologi.rt wereonpublic hi.rtory ritesIn thi.r section, Ishare my personal reflections on continuing my becoming an informal
educator, mentor,and colleaguea.r partoftbi.r afterschool program.

The first reflection is on the role that identity and internal connection play.rin fostering long term engagement and learning.

Identity ir a central driver in my professional trajectory and aspirations. As a first generation university student, I've
experienced the disconnect one can feel between formal edt/.Cation settings and one's own lived experience. My net/.rodivergent
identity creates additional barners in formal education settings a.r I approach and interpret information differently from
net/.rotypical students. Informal edt/.Cation settings allow me to draw on my skill.r and connect with tho.re individual.r who may
be I/.ntkrserved by more formal academic experiences.

While my actions are informed by my outsider statusa.r a first generation, neurodivergent researcher, t'tis my queer identity
thatix tnJy central to the way I interpret and connect with the world. For a variety of reasons, I wa.r apprehensive abot/.t
publicly claiming a qt/.eer identity while inoolved in thi.r program. My personal experiences in formal education settings
supporta body of researchthat suggests that queer edUCAtors face pre.r.rure to "return to the do.ret" (Endo etal., 2010; Harris
ElGray, 2014). Recent discourse accu.ring queer educators and their supports of "grooming"students further encourages these
hostile environments, for both educators and their students (Block,2022}. After buildz'ng connections with the learners, I am
reminded of theimportance for them to see queer representation in theirpersonallz've.r.

While I have never deliberately concealed my queeridentity in my carn:r, thi.r expmmce wa.r the first time I publicly di.rplayed
my "theyltbemltheirs” pronouns on my name tag. During the ajterscbool sessions I participated in, multiple learners positively
commented on my pronouns. In each instance, I wa.r able to build a stronger relationship with the adolescent and, hopefully,
help strengthen thez'r connection to a STEM identity. Itis beneficial for youth to see their identities reflected not only z'n popular
media and thez'r history book.r, but among the community members and mentors they interact with in thez'r daily live.r (Ko.rdw
etal., 2018).1did not connect with learners sokly on the men'ts of a queer identity, in fact, aside from initial compliments on
my pronouns, queerne.r.r wa.rn't di.scu.rsed. Nonethele.r.r, I know from personal experience the sense of comfort that can come from
sensingyou are notalone. Theeditorsof Rethinking School.rarguethat "aschool that's a protectivecommunity for LGBTQ adults
ira school that's going to be safe for kids"(Bt/.tler-Walletal.,2016, p.24).1 contend that not only do we need to create a culture
of protection around queer adults z'n our education .systems, but a.r queer educators we need to be vocal and vz'rible in order to
demonstrate that safe spaceforourstudents.

Second, while I have experience in both formal and informal edUCAtion settings, this was the first tt'me I felt comfortable and
con.folent enough in my skill.r to provide mentorship to my peers. My preowus experiences a.r an educator led some of the other
BU students to confide in me about their apprehensions and succe.sse.r when interacting with our STEM learners. For many,
thi.s wa.r theirfirstexperience a.r aninformal educator, [frottheir only expen'encea.r an edt/.Cator. Informal education requires
a different skill.ret from traditional education settings and I tried toguide my peers t'n becoming more confidentin engaging
with the learners: giving advice on when to allow "off topic” conversations to continue and when to steer them back to our
lesson, how to position yourself a.r a mentor to support youth learning rather than an authority figure, and how to relate the
complextopics of our expertise to the interests and identities of ouraudience. While firstsurprised, these moments filled me with
confidencein myabilities. Following these experiences, [ made an rjfortto ojforadoice and mentorship to otherteaching assistants
in my department, many of whom do not have prior experience or training in education. In addition to "talking shop" about
grading,a.r.re.r.rment wn'ting, and le.r.ron planning, I al.rotried toopen discussionsabout teachz'ngphilo.rophiesand how to orient our
preparationand practiceto betteraccomplishourteachinggoals.
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Upon reflection, I can see bow much I bave learned since the beginning of my career. I can also see plenty of areas for growth and can
imagine new bovizons in my future that are not yet visible. In future experiences, and as I eventually develop and implement my
own programs, 1 intend to practice nuanced methods of engagement with the public such as developing my skills in capitalizing on
momenis to encourage critical thinking and creativity, engaging with youth and the public tn ways that promote personal comnections
with new content, and providing accessible opportunities of public engagement that support the growth of @ common commanity. I
hope to carry this openness and bravery throughout my career; taking opportunities to challenge myself while also opening doors for
others to engage in new experiences. Moving forward in my career, I hope to develop and implement my own public programs centered
around archacology, cultwre, and bistory. While I have bad previous experiences where I belped to administer established programs,
experiencing the birth of a program and learning more about my becoming as an informal educator, mentor, and colleague are
reflective practices and lessons that will benefit me along my future career paths.

Future Steps

Binghamton University’s UACS initiative provided a novel approach to applying university resources to address a need
for afterschool STEM programs in rural middle schools. Supported by BUCS, evaluated by TLEL faculty, and led by
archaeologists from PAF, this pilot program used the science of archacology to deliver hands-on STEM modules to youth
learners. Indigenous representatives discussed their own perspectives on science, including the depth of their reladonship
with nature and commitment to protecting the environment. ‘Their presentations enhanced the STEM learning modules
and added a new dimension to student learning and the practice of pedagogy.

This pilot project offers a viable model for future partnerships between archaeologists, or other science professionals,
and educators to assist local schools with critical educational needs. This informal afterschool program offers concrete
practices and strategies that enhance and inform science education in middle school classrooms. There is promising
potential to replicate this model in other rural schools and urban school districts in need of STEM learning opportunities.
Such partnerships between universities and schools also have the potential to advance a growing specialization in the
field of archaeology and community engagement, which is grounded in the principle of providing a public benefit from
archaeological research, Lastly, as noted from our research, the program affords an opportunity to support middle school
youth as STEM learners, as well as support post-secondary students interested in pedagogical practices.

Future initiatives would expand our afterschool program to more school districts and to other regions. The pilot grant
focused solely on rural school districts. A next step would be to develop the program within urban areas, and possibly
Indigenous school systems. New initiatives would also allow us to train teachers to implement similar programs, in both
middle and high schools, thus accessing broader participation.

Implementing this project in partnership with BUCS offered a unique and critical support network that contributed to a
successful informal education experience for youth in rural schools. Middle school youth learned from the diverse array of
science modules, while archacologists and educators advanced their own skill-sets in community-engaged informal education.
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