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Abstract

The inclusion of Indigenous knowledge, informal lessons, and place-based instruction in
science curricula has shown many positive results in both the classroom and laboratory.
Inviting Alaska Native Elders and researchers into local classrooms to co-instruct scientific
concepts has increased student understanding and engagement. Field trips further expose
students to research conducted on Alaska’s North Slope underlining the environmental and
cultural implications of local community issues and the broader scientific concerns. Teaching
students the traditional ways of knowing and the correlating Western science concepts
develops an appreciation for both perspectives that directly strengthens students’ knowledge
and reinforces cultural values.
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1. Introduction

Tied to cultural and spiritual identity and passed down from generation to generation,
Traditional Ecological Knowledge (TEK) or Indigenous knowledge evolves in tandem with a
changing environment (Bartlett et al., 2012; Cochran, 2013). This evolution of knowledge
interacts with practical values informing world view and culture. Worldview, a particular
group’s perspective and ways of knowing, varies between cultural groups. Many
contemporary educators consider world view and Indigenous knowledge as important as the
concepts taught by Western style education. Indigenous knowledge can be woven into
Western education, science, and research in a variety of ways using educational approaches
that follow an informal approach and place-based settings (Figure 1). When woven together,
the two systems can co-exist allowing for the Indigenous population to have a better
understanding of both worlds (Bartlett et al., 2012). Many higher institutions are gradually
increasing the adoption of informal and place-based instruction with positive impacts on the
students learning gains (Dubiel et al., 1997; Palmer et al., 2009; Kirby, 2014; Medin & Bang,
2014; Reano and Ridgway, 2015; Nicholas-Figueroa et al., 2016; Van Doren & Duffy, 2016).
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Figure 1. Cover Chemistry in Context: An illustration of a spider web indicating how
knowledge is woven across disciplines and cultures

2. Traditional Education
2.1 Pre-Westernization and Alaska Native Knowledge

Although Alaska Natives have a great variety of cultural traditions, there are a number of
common features, many of which help shape their ways of knowing. Oscar Kawagley (2006)
wrote, “Native peoples developed many rituals and ceremonies with respect to motherhood
and child rearing, care of animals, hunting and trapping practices, and related ceremonies for
maintaining balance between the human, natural, and spiritual realms.” Schooling, in essence,
involved Elders teaching the youth to maintain balance in their environment
(Nicholas-Figueroa et al., 2015).
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For example, Elders taught males to be active listeners (Jones-Sparck, 2011) during “lessons”
that included developing prowess in hunting, fishing, interpreting environmental signals,
survival and other life skills. Lucy Jones-Sparck (2011) explains, “when they dealt with the
subject of survival tools, they included the science of nature, how to read the sign about what
nature was about to do or just did, and how to respond in respect.” Mothers and Elder women
in the community taught young women to tend to domestic skills, pregnancy and child
rearing, and spiritually support their husbands when they were hunting (Kawagley, 2006).

These lessons continue to meet the needs of Alaska Natives and are directly related to their
ecological systems (Nelson, 1983); the environment is an integral part of their learning
process (Kawagley, 2006) and is tied to Native peoples’ myths, rituals, and ceremonies
(Freeman et al., 1988; Locust, 1988; Feinup-Riordan, 1990). The information reflects the
harmony that exists between the natural and spiritual worlds (Kawagley, 2006). Referring to
Yup’ik people, Harold Napoleon wrote, “Yuuraraq, the way of the human being,
encompassed the spirit world in which the Yup’ik lived. The Yup’ik, the land, rivers, heavens,
seas, and all that dwelled within were spirit, and therefore, sacred (Napoleon, 1991).”
Beginning in the 18" century, colonization perpetrated by Western societies, upset the natural
balance Alaska Natives had with their environment, spiritual direction, and their legacy for
subsequent generations. Western educational methods were imposed on Alaska Natives in an
effort to supplant traditional ways of learning (Kawagley, 2006) with Western cultural values.

2.2 Indigenous Knowledge and Western Education

In sharp contrast to Western educational reductionism and abstractness, Indigenous
knowledge is holistic and does not essentially separate ecological knowledge, human beings
or nature from the world (Cajete & Pueblo, 2010). In the article, “Culture, Community and
the Curriculum” Ray Barnhardt (1981), describes the many different educational and learning
approaches for engaging students of Alaska Native and other cultural minorities.

Minority students residing in their own ethnic communities are raised with their
community cultural identities and values. For many peoples, especially American
Indians and Alaska Natives, culture is the centerpiece for continued knowledge
towards survival. In the past, education was part of everyday activities. The
student learned by “doing.” Today students sit long hours in a classroom being
talked to with very few options to execute what they supposedly learned. Now, a
prime focus is to integrate these teachings into higher educational institutions.

One direction to overcome this challenge is to convert the usual formal educational format to
an informal practice which provides for the inclusion of Indigenous knowledge in teaching
practices. McGloin et al. (2009) strongly supports encouraging Indigenous peoples to teach
their cultural ways of knowing throughout the educational system. The authors further state
that Elders and other knowledgeable individuals should be recognized for their cultural
knowledge at a level comparable to the Western Doctorate of Philosophy degree, leading to
employment as adjuncts or associate positions within the university system. The University
of Alaska and Ilisagvik College of Utqiagvik (Barrow), AK bestow Honorary Degrees to
Alaska Native Elders each year during the commencement ceremony.
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Bartlett et al. (2012) describes informal education as a weaving process between Indigenous
knowledge systems and mainstream or Western education systems and involves those holding
Indigenous knowledge, such as Elders, along with Western science experts. It is important
that Indigenous knowledge be recognized as an individual knowledge system standing
alongside Western education systems (Iwama et al., 2009; Bartlett et al., 2012). In Bartlett et
al. (2012), Albert Marshall, an aboriginal Elder of the Mi’kmaw Nation in Canada, defines
this weaving as “Two-Eyed Seeing,” a learning process that demonstrates the strengths of
Indigenous knowledge (one-eye) and the strengths of Western knowledge (the other eye).
Together these eyes are advantageous to everyone (Bartlett, 2006; Hatcher et al., 2009;
Iwama et al., 2009; Hatcher & Bartlett, 2010; Marshall et al., 2010; Bartlett, 2011, 2012;
Bartlett et al., 2012; IISH website, http://www.integrativescience.ca). Elder Marshall
continues to say that “we need to weave back and forth between our knowledges because in a
particular set of circumstances, it may be that one has more applicable strengths than the
other, yet with changing circumstances this can easily switch (Bartlett et al., 2012).”

Of equal importance is the understanding that traditional knowledge is always changing.
Elder Murdena Marshall, also a member of the Mi’kmaw Nation, states that Indigenous
knowledge “was never meant to be static and stay in the past; rather it must be brought into
the present so that everything becomes meaningful in our lives and in our communities
(Bartlett et al., 2012).” Interviewed by the Wisdom of the Elders radio program, former
Alaska Native Science Commission executive director and former Inuit Circumpolar Council
chair, Patricia L. Cochran, reflected on the value of traditional knowledge. The Ifiupiat Elder
told listeners: “Traditional knowledge builds. And that’s what it’s about: it’s just not
knowledge from the past; it really builds from what I know today and what generations will
teach (P. Cochran, 2013).”

2.3 Strategies for Implementing Indigenous Knowledge in Conjunction with Western Science

Like traditional knowledge, Western science builds from previous knowledge, but is
constrained by the boundaries of Western scientific methodologies. Traditional knowledge,
however, is contingent upon an ever-changing world; it is constantly evolving as new and/or
unforeseen situations or conditions are encountered.

Traditional knowledge is intricately entwined with subsistence activities such as hunting and
gathering (Kawagley & Barnhardt, 1998). “Native people know a great deal about the flora
and fauna, and they have their own classification systems and versions of meteorology,
physics, chemistry, earth science, astronomy, psychology (knowing one’s inner world), and
the sacred (Burgess, 1999).” When appropriately woven together, traditional knowledge and
Western science can deliver innovative and unique information that is absent when conveyed
only by Western ways.

Kimmerer (2002) discusses how traditional knowledge can be merged with biological
sciences, including detailed observations of flora and fauna and the surrounding ecological
environment. This knowledge can substantially support scientific hypotheses or redirect
scientific research (Kimmerer, 2002). For example, scientists may miss vital information due
to short term observation as opposed to years of observation performed by Indigenous
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peoples who impart knowledge through the generations. This kind of long term exposure to
the subject is particularly useful in both hypothesis formulation and the interpretation of
results. Western science may yield specific quantifiable observations, yet Native voices may
be particularly helpful in raising the right questions and in relating the findings of a particular
study to a larger body of practical knowledge. For example, Nakashima (1993) compared
collaborative reports of Hudson Bay eider (Somateria mollissima sedentaria) developed
between wildlife biologists and Ifiuit hunters. The hunters were more knowledgeable about
the birds’ winter behavior, mortality, and demography. Nakashima suggests that Ifuit
knowledge and Western science combined (or woven together) complements environmental
impact assessment studies (Nakashima, 1988). The strength of Indigenous knowledge, with
an advanced local understanding applied, is illustrated by studies of: fisheries (Berkes, 1977),
caribou age structure (Mander, 1991), bowhead whale census (Huntington et al., 1999), forest
fungi (Richards, 1997), wolves (Stephenson, 1982), and plants (Anderson, 1996; Turner et al.,
2000; Kimmerer, 2002).

Taught through everyday activities such as observation, storytelling, dance, and song,
children and students effortlessly acquire Indigenous knowledge from these practices.
Kawagley and Barnhardt (1998) describe how these activities can be woven into the Western
knowledge system (or vice versa) using the following example:

To bring significance to learning in indigenous contexts, the explanations of
natural phenomena cast first in Native terms to which students can relate, and
then explained in Western terms. For example, when describing an eddy along the
river for placing a fishing net, it should be explained initially in the indigenous
way of understanding pointing out the currents, the movement of debris and
sediment in the water, the likely path of the fish, the condition of the river bank,
upstream conditions affecting water levels, the impact of passing boats, etc. Once
the students understand the significance of the knowledge being presented, it can
then be explained in Western terms, such as flow, velocity, resistance, turgidity,
sonar readings, tide tables, etc., to illustrate how the modern explanation adds to
the traditional understanding (and vice versa). All learning should start with what
the student and community know and are using in everyday life. The Native
student will become more motivated to learn when the subject matter is based on
something useful and suitable to the livelihood of the community and is presented
in a way that reflects the interconnectedness of all things.

Many post-secondary institutions have successfully engaged Elders in the classroom; have
recognized Indigenous knowledge and cultures as part of student learning gains; and support
community engaged research and learning approaches (Nicholas-Figueroa et al., 2016; Van
Doren and Duffy, 2016). A number of strategies for accomplishing these goals are presented
by Knudson (2015): 1) fostering of indigenous knowledge is advantageous in supporting
campus growth: physical space, events and curriculum content; 2) student engagement need
not be limited to a specific cultural background — involving all cultures will assure a means of
knowing in multiple ways; 3) allotted time is essential for instructors to compile
materials/resources needed to formulate engaging lessons (Machtmes et al., 2009; Potter, et
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al., 2003); and 4) hands-on learning is a key component to learning along with realistic
projects each focusing on traditional ecological knowledge (Battiste, 1998, Castellano, 2000;
Battiste, 2002).

3. Place-based Education
3.1 Culture and Earth/Environmental Science

A wide variety of regionally adapted culture and earth science curricula (classroom and field
courses) for Native Americans and First Nations peoples bridge the gap between Indigenous
groups, scientists, and educators (Riggs, 2004). For example, Reano and Ridgway (2015)
describe how a geological discipline, such as stratigraphy, has cultural relevance to the Native
American community of Acoma Pueblo, New Mexico: Geologists use stratigraphic
nomenclature to describe the Earth’s physical features, identifiable patterns and depositional
environments while the Acoma Pueblo community members’ describe the same stratigraphic
intervals in terms of cultural uses, such as in making pottery, building their homes out of rock
and mud, and farming the land.

The environment or “sense of place” (Semken, 2005; Medin & Bang, 2014; Lowan-Trudeau,
2015) has significant meaning for Indigenous peoples and it is important to link educational
concepts to the physical and cultural landscape (Semken & Morgan, 1997; Kawagley &
Barnhardt, 1999; McCarty, 2002). Place-based instruction accomplishes this objective by
acknowledging a sense of place and linking the value of/connection to locations reflecting
important cultural and educational beliefs (Semken, 2005). Western teachings are primarily
concentrated in the classroom and rely on textbooks and laboratory simulations; whereas,
place-based teachings occur in the field (outdoor environment) or in a community setting
(Semken, 2005; Van Doren and Dufty, 2016). As the following examples illustrate, culture
and environmental science is an ideal discipline for place-based instruction. Five general
guidelines for successful implementation have been distilled (Maclvor, 1995; Lieberman &
Hoody, 1998; Kawagley & Barnhardt, 1999; Cajete, 2000; Woodhouse & Knapp, 2000;
Gruenewald, 2003; Semken, 2005) and while these guidelines are based on teaching
American Indian or Alaska Native students, they also suggest implementation strategies for
place-based teaching in any context. These guidelines are applied to course content connected
to the Alaska’s North Slope changing climate.

* Content is focused explicitly on the geological and other natural attributes of a place.
The effects of global warming are most profound in the Arctic. Students on the
North Slope of Alaska learn how the effects of a warming climate ranging from the
increased rate of sea-ice decline, melting permafrost, and migration changes in
plants, animals, and microorganisms relates directly to their own communities.

* Content promotes and supports ecologically - and culturally - sustainable living in
that place. Bradley et al. (2005) discussed the impact of a warming climate on
free living bacteria, an increase of which may promote diseases affecting marine
fish, caribou, fox, lemming, sea otters, and other arctic species, a major
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component of the rural Alaska Native diet. New microbial diseases affecting
subsistence foods will directly impact the health of subsistence communities.

*Content is taught by authentic experiences in that place, or in an environment that
strongly evokes that place. Field trips are incorporated into the lessons to prompt
a better understanding of the materials being covered. A trip to the NOAA
Utqiagvik (Barrow) Research Laboratory where greenhouse gasses are measured
leads to a conceptual understanding of carbon dioxides role in global warming
(Nicholas-Figueroa et al., 2016).

*Content enriches the sense of place for students and instructor. Local Utqiagvik
(Barrow) Elders share their experiences and observations of climate change in an
interactive discussion with students, research scientists, and instructors
(Nicholas-Figueroa et al., 2016). Due to a loss of sea ice with warming waters,
storms are becoming more frequent, which leads to beach and land erosion (Elder
Nate Olemaun, personal communication, 2012).

* Content integrates, or at least acknowledges, the diverse meanings that place holds.
Gwich’n and Ifiupiat communities rely on successful caribou hunts to meet basic
cultural and spiritual needs. All parts of the animal are used for food, clothing,
tools, and sewing umiags, the traditional whaling canoe. Today, the spiritual belief
is that "every caribou has a bit of the human heart in him; and every human has a bit
of caribou heart (http://arcticcircle.uconn.edu/ANWR/anwrgwichin.html)."

3.2 Climate Change: global to local

Nicholas-Figueroa, et al. (2016) demonstrated that informal and place-based learning is an
effective means of teaching science, technology, engineering, and mathematics (STEM)
concepts. A summer science camp for middle school and high school students, Climate and
Permafrost Changes on the North Slope: In Cultural Context, was held in Utqiagvik
(Barrow), AK. Educators, researchers, and Elders served as instructors and each provided a
unique perspective on the selected topic. For example, the relationship of the carbon cycle to
a changing climate was initially presented by the educators. Research scientists then
reinforced these lessons by sharing how this knowledge applied to their work including
weather patterns, arctic wetlands, bird migration, (Rothschild & Duffy, 2003), rural pollution
and ecosystem interactions (Loring & Duffy, 2011), impacts of greenhouse gasses on the
environment; and the changing permafrost (Streever et al., 2011). Elders have contributed
their knowledge and reminded students of important issues relevant to the students’
communities and environment: economics; storms; sea ice; polar bears; walrus; whales;
caribou; ice cellars; invasive species, biogeochemical cycles, and combustion (Figure 2A and
2B).
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Figure 2A. Pre-course assessment. Ilisagvik College student evaluation of the
knowledge and understanding of the carbon biogeochemical cycle and combustion
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Figure 2B. Post-course assessment. Ilisagvik College student evaluation of the
knowledge and understanding of the carbon biogeochemical cycle and combustion

4. Scientific Research and Gathering Traditional Knowledge

4.1 Implementing Educational use of Indigenous Knowledge into Informal Education and
Research Practices in a Northern Alaska Community

Middle and high school Alaska Native students’ first interest in STEM education often
coincides with exposure to informal learning (Van Doren & Dufty, 2016). Interest can build
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as a student progresses from presenting an in-class science project to competing in a science
fair. Alaska Federation of Natives-NSF Rural Systemic Initiative encouraged students to
design their research projects with the assistance of parents, and in some cases, local college
students and scientists. Incorporating an Indigenous theme integrates culture and values and
add further depth and meaning to the project. The resulting positive experience engages
students who, early on, may have difficulties with abstract Western science concepts. For
example, the concept of combustion can be explained through traditional uses of whale oil on
Alaska’s North Slope, a familiar substance. Local Elders, an integral part of the review team,
score the use of traditional knowledge and how traditional knowledge adds value to the
project.

A\ M ac rot h in k International Journal of Education

From a global science perspective, strategies for overcoming cultural barriers between
scientists and rural communities should include methods to work directly with the
communities. The framework suggested by Semken (2005) was used with modifications by
Nicholas-Figueroa and Wall at Ilisagvik College. Researchers should be encouraged to
consider community concerns and strive to build collaborative relationships.
Recommendations from our experience (Nicholas-Figueroa, 2017) include:

eSeek expert advice from Elders prior to beginning the research. Traditional
knowledge is passed down through the generations; therefore, Elders have much
to contribute throughout the research process. Recognize that not all Elders are
experts in every topic. Ask community members for assistance identifying
individuals most knowledgeable of the research topic. “Research that bridges the
gap between local knowledge and science can provide reciprocal benefits to
scientists and local communities (Huntington, 2000; Carmack and Macdonald,
2008; Weatherhead et al., 2010, Huntington et al., 2011) (Jones, et al., 2015).”

eRecruit additional research team members, such as local students, who can create
interest and contribute local knowledge. Outreach presentations to middle/high
school students, including opportunities for field visits, are encouraged. Students
are rarely introduced to research practices, even those carried out in their own
communities. Local hunters are an additional source of knowledge. For example,
if investigating the decline of Arctic caribou, it would be wise to recruit local
hunters to elicit their observations and discuss their thoughts on the reasons for
these changes. Local hunters can provide expertise and may be willing to assist
with sample collections. “Traditional knowledge and local observations have
been used in conjunction with scientific methods to gain a better understanding of
how rural people rely on physical and natural phenomena (Krupnik and Jolly,
2002; Chapin et al., 2006, Carmack and Macdonald, 2008; Pearce et al., 2009;
Weatherhead et al., 2010; Druckenmiller et al., 2013, Eicken et al., 2014) (Jones
etal., 2015).”

eShare the research ideas and goals with the community before beginning a new
project and provide periodic updates (especially when there are significant
findings). Informal presentations with question and answer sessions between
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community members and researchers are an effective means of communication.
Refreshments or a community meal are always welcome. Hospitality does more
than establish a friendly tone; sharing information while enjoying a meal may be
more culturally appropriate than a meeting. Specific cultural practices may also
play a role. When appropriate, gift exchanges and/or local conventions of address,
seating, and personal conduct should be considered. “A desirable research
objective would aim to produce tools or other research products that will also
benefit local collaborators (Nadasdy, 1999; Cruikshank, 2001) (Jones et al.,
2015).”

Community dialogue benefits community members and researchers. Community members
have a “stake” in the project and resulting knowledge and researchers learn from the
community. Indigenous sources can comment on results and suggest ideas for future study.
They may also, at their own discretion, promote the study by taking a role in communicating
the results to others.

4..2 Introducing TEK and Research Conducted on the North Slope of Alaska into Place-Based
Education

Alaska’s North Slope Borough (NSB), 300 miles above the Arctic Circle, is home to ~10,000
Ifupiat people and a diverse, copious collection of marine mammals, fish, plants, and wildlife
(Streever et al., 2011; Nicholas-Figueroa et al., 2015). The North Slope is on the forefront of
environmental and ecological change experiencing an average 3 °Fahrenheit temperature
increase over the past 60 years (EPA, 2015). The impact of climate change, the focus of
major national scientific research, is often best studied from the NSB’s eight local villages or
communities (Figure 3). Yet, despite the abundant funded research conducted, students are
rarely exposed to the research, especially those related to Alaska communities’ wellbeing or
hunting and gathering activities.
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Figure 3. Map of the North Slope Borough (NSB) villages (Anaktuvuk Pass,
Atqgasuk, Barrow, Kaktovik, Nuigsut, Point Hope, Point Lay, and Wainwright) used

24



ISSN 1948-5476

\\ M ac rot h i n k International Journal of Education
A Institute™ 2017, Vol. 9, No. 4

with permission from the NSB department of Planning/GIS Division (source,
http://www.north-slope.org/assets/images/uploads/NSBCensus2010.pdf.).

NSB students’ understanding of STEM subjects can be greatly enhanced by using
place-based instruction and including exposure to the scientific community, Elders’
Indigenous knowledge, and tapping their own ecological experience (Figure 2). Scientific
techniques are easily reinforced using a relevant, culturally germane setting or lab exercise as
illustrated by the following examples.

eHunted by humans for both meat and eggs, the Glaucous gull is a fierce predator
consuming eggs, chicks, small mammals and fish, all part of the community’s
subsistence diet. The gull provides a good example of how a warming climate
impacts the food chain and the local ecological balance. Our lesson included a
discussion with Elders describing the birds’ changing movement patterns. Ideally
students would be trained to collect data (movement, Elder/hunter knowledge, and
other data) and work with researchers to hypothesize how changes in these
patterns impact the local environment (Figure 4A and 4B). The preparation of a
scientific poster from the obtained data would further enhance the experience and
record the activity.

Figure 4A. Ilisagvik students observing the placement of a gull trap. Photograph
taken by Linda Nicholas-Figueroa
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Figure 4B. Migration of a Glaucous Gull from Barrow, Alaska (blue line). “A
Glaucous Gull transmitter woke up this morning and pinged from the southern
Kamchatka Peninsula, Russia. This is the bird’s first winter and first migration, and I
totally didn’t expect a juvenile bird to go there! The bird traveled over 1,800 miles
(Autumn-Lynn Harrison, March 4, 2016; Smithsonian Conservation Biology
Institute, Migratory Bird Center).” www.migratoryconnectivityproject.org/livetracks

eThe Bowhead whale, a major dietary food source and symbol of Ifiupiat spiritual and
cultural identity, provides another concrete example of how place-based instruction
augments student learning. During whaling season, North Slope Borough
Department of Wildlife Management (NSB-DWM) employees often obtain organs
from harvested whales. Students visit their laboratory and observe biological
studies such as the lung volume/respiration rate study (Figure 5). Craig George
(NSB-DWM) connected the concept of Bowhead basic “energetics” and food
requirements with summer and winter feeding areas (personal communication,
October 2013). Andreas Fahlman, Texas A&M University, continued the
discussion by teaching how the lung volume/respiration rate is used to estimate
energy or food requirements (personal communication, October 2013). Students
completed the lesson by calculating their personal lung volume/respiration.

Figure 5. Student observations of the inflation of a Bowhead whale lung.
Photograph taken by Linda Nicholas-Figueroa.
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¢ Basic atmospheric chemistry concepts of the chemical composition of individual
aerosol particles (real time sizing, the method for determining how these
particles impact the Arctic environment) were explained using black carbon as
an example. The travel path of black carbon from industrialized countries to
the Arctic was demonstrated in a research presentation and reinforced with a
field trip to see the Aerosol Time-Flight Mass Spectrometer (Figure 6). Ideally,
a dialogue or exchange of information occurs between students, Elders,
instructors, and research personnel. Students are always encouraged to ask
questions and/or discuss their concerns. A follow up essay describing what
was learned and proposing possible solutions further reinforces the concepts
discussed.

Figure 6. Aerosol Time-of-Flight Mass Spectrometer real time sizing and chemical
composition of individual aerosol particles. Allows usage of “chemical fingerprints”
to identify each particle type. Photographs taken by Linda Nicholas-Figueroa

The Indigenous observations of sea ice provide numerous scientific lessons that relate
directly to an individual’s health and safety. Webster and Zibell in the Ifiupiat Eskimo
Dictionary (1970) list 28 words that define ice. Table 1 lists a few of these words to include
sea ice definitions or descriptions that assist a hunter’s evaluation of ice conditions.

Table 1. English translations for Ifiupiaq terms for sea ice and sea ice formations

Ifiupiaq English Translation

Siku Sea ice
Sikuliirak  Ice thick enough to walk on
Sikulikiruk Ice is in the process of break-up

Aunnik Rotten ice (unsafe)

Tuvak Landlocked Ice; Shorefast ice

Kisisak Grounded ice pile (keeps landlocked ice from floating away),
ice floes

Ivunik Ice pressure ridge

Puktaak Iceberg

Sarri Ice pack

Uinik Lead (open water between landlocked ice and pack ice)
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Safety implications and changing conditions affect a hunter’s ability to exploit resources in
this dynamic setting. David “Masaq” Leavitt, Jr., a visiting Elder, described the importance of
paying attention to wind and sea current changes, “shifts in the wind and sea currents are
particularly critical insofar as they indicate the likelihood that ice will soon break up”
(personal communication, October 2016). Figure 6 illustrates the significance of
understanding words and definitions. The ability to differentiate between an ice floe, ice that
is essentially floating on the open sea and shorefast ice which is anchored to the ground
below is critical knowledge for survival on the ice. Elders commonly assess ice conditions
with a degree of nuance difficult to capture in discrete scientific observations.

JE—
st year ice Fracture

| (FY1) floe
v~
Lead Zeﬂﬁ
% o
[TIce
hnlad l canopy
Tension

Figure 6. Hypothetical sea ice dynamics scenario showing some of the most common sea ice
features. https://en.wikipedia.org/wiki/Sea ice

5. Conclusion

Because traditional ecological knowledge is inherently dynamic, successful incorporation
into higher education has more to do with building social networks than
data-bases. Purposeful communication between indigenous experts and scholars builds trust
between those living in close contact with the subject matter and those who study it from a
distance. Intentional dialogue helps build a relationship in which knowledge gained is shared
with those most directly impacted and that the indigenous perspective remains at the
forefront.

The guidelines for place-based instruction on the North Slope illustrate this approach insofar
as they ensure the significance of place-based experiences in developing scientific knowledge.
Placed-based research transforms abstractions about the arctic, climate change,
environmental sustainability into particular questions of direct interest to students in local
communities. Indigenous peoples should have an equal role in the research process. While
local community members are interested in the scientific results, it is imperative that
knowledge shared includes steps for remediation, when necessary. Taken together, these
recommendations establish the context necessary for developing knowledge of interest to
indigenous communities.

Educators and researchers use place and culture to improve science, technology, engineering,
and mathematics (STEM) engagement on Alaska’s North Slope and elsewhere. Integrating
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students’ personal knowledge, Elder knowledge and scientific field research is a proven
means of engaging students in STEM curricula. Alaska’s North Slope provides the ideal
place-based laboratory to develop innovative curricula and solutions to pressing
problems. Connecting oral traditions with relevant scientific knowledge would provide ample
material for future studies. For example, the study of traditional indigenous plant use could be
combined with laboratory research to determine the medical properties of local plants. A
current project examines antibacterial properties in North Slope plants and includes Elder
interviews on the traditional use of the plants.

The combination of direct observation by indigenous experts and laboratory analysis
strengthens student understanding and helps overcome the barriers associated with both
Traditional and Western knowledge systems to produce a single field of study utilizing the
methodological strengths of both systems. The ability to synthesize knowledge from both
systems leads to informed learners and citizens.
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