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Work in Progress: Culturally-Relevant Engineering Design
Curriculum for the Navajo Nation

The mission of this research is to develop a theory of culturally-contextualized engineering
design curricula and assessment tools for Navajo middle school students, grounded in a study of
how Navajo students and Navajo professionals experience, understand, and apply engineering
design in the context of their culture, community, and society. This foundation will support
future educational innovations and illuminate pathways for Navajo students to pursue higher
education and careers in STEM. This paper describes the foundation for this research and the
current progress in the development of curriculum modules that teach Navajo culture and
engineering design side-by-side.

The Navajo way of life and the engineering design process have similarities.

This study was inspired by the similarities between the Navajo way of life, which is a holistic
cycle of thinking, planning, living, and assuring/testing (Aronilth, 1992), and an engineering
design process (ask, imagine, plan, create, improve (Cunningham & Hester, 2007)).

Diverse perspectives drive innovation in STEM.

With the complex nature of real-world problems, our country needs STEM innovators who can
work across disciplines to holistically solve problems in both the workplace and in our
communities, such as the NAE Grand Challenges for Engineering (Perry et al., 2008). According
to a 2011 NSF-AIHEC reports “adding diverse perspectives to the STEM research, engineering,
and education community is critical to building knowledge, in part because scientists need
multiple perspectives to drive innovation, solve problems, and present new ideas. Looking at the
world in different ways, exploring new realms of thought, and drawing upon indigenous
knowledge and ways of learning are all crucial to helping NSF stay at the cutting edge of
science” (American Indian Higher Education Consortium, 2011). This is echoed in creativity and
diversity literature, which espouses that working in diverse groups increases the range of
potential solutions (Bassett-Jones, 2005; Cowan, 1995; Cox, 1994; Jackson, 1992; Johansson,
2006; McLeod, Lobel, & Cox, 1996; Watson, Kumar, & Michaelsen, 1993). We need diverse
perspectives in STEM in order to drive innovation.

Attracting more Native American students to STEM is part of the national agenda.

According to a report by the National Academy of Engineering, “the engineering profession
needs the perspectives of American Indians... and reservations need the culturally relevant
contributions of American Indian engineers” (National Academy of Engineers, 2006). From
2000 to 2009, 0.6% of undergraduate students enrolled in undergraduate engineering programs
were Native American (National Science Foundation, 2013a). Tribal Colleges and Universities
(TCUs) have increased the number of STEM-related degree programs available to Native
American students in North America (American Indian Higher Education Consortium, 2011),
but only 7% of students enrolled in TCUs were pursuing STEM degrees in 2009 — 2010
(American Indian Higher Education Consortium, 2012). NSF initiated the Tribal College &
Universities Program in 2001 to promote improvement in STEM education programs at Tribal
Colleges and Universities (National Science Foundation, 2013b). TCUP has supported a number



of STEM education initiatives to improve curricula (e.g., (Blue, 2012)), facilities, and pathways.
Advanced STEM education could play an important role in strengthening community and
providing career pathways for Native American students.

Research on culturally-infused math and science curricula shows promise.

There is a well-documented achievement gap in STEM between Native American and Caucasian
students (White & Galvin, 2002). One way to close this gap is through cultural infusion
programs, which have been shown to “positively impact a student’s performance on a
standardized achievement test in the area of math” (Galvin, Hopkins, & White, 2005). Students
respond more positively to science if it is linked to society (Tobias, 1990), and research shows
that if students perceive usefulness they are more motivated to persist in STEM fields (Davis &
Finelli, 2007; Pintrich & Zusho, 2007; Wigtfield & Eccles, 2000). Therefore, culturally-infused
curricula may promote persistence in STEM for Native American students.

Navajo Nation will adopt Next Generation Science Standards, which include engineering.

The Next Generation Science Standards (Achieve, 2013) for K-12 schools in the US include
engineering as a disciplinary core idea for middle and high school students, defined as
engineering design. The Navajo Nation may adopt Next Generation Science Standards in the
future, making this study both timely and necessary to understanding how to teach engineering
design in a culturally relevant way.

Current Progress: Initial Curriculum Modules
The curriculum for the first in-school pilot is made up of four curriculum modules, described
below.
1. Introduction to Engineering Design. This lesson introduces engineering design with
stories of Navajo engineers and scientists and the impact they have made in their fields.
It then compares and contrasts the scientific method and engineering design process.
Finally, students will identify problems they could solve with engineering.

2. Solution Dissection. This lesson presents students with an engineering challenge and
walks the class through how to use the engineering design process to generate a solution.
A design process worksheet is used to scaffold the discussion.

3. Distance Between the Sacred Mountains: A Lesson in Scale and Proportion. In this
lesson, students measure the distance between four sacred mountains on a map and scale
them to the actual distances between the real mountains. Then, students share stories of
the sacred mountains, and based on the map determine the distance from each of the
sacred mountains to their hometown.

4. The Great Animal Escape: Portable Livestock Corral Design Project. In this lesson,
students will work in teams to design and build scale models of portable livestock
corrals. The scale models will be tested using robotic hamsters that represent livestock,
and try to escape from the model. Following the activity, students will reflect on how
their individual participation in the group reflects teachings on the Diné way of life.



Finally, students will scale their model up on paper and create a bill of materials for a
full-size portable livestock corral.

Next Steps

Following the curriculum pilot, the curriculum will be improved and additional curriculum
modules added to continue building out a robust culturally-relevant engineering design
curriculum.
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