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Paul Boyer joins 33 other authors to tell the story of 
the Pre-Engineering Education Collaborative (PEEC) 
experiment in four states: Hawai‘i, North Dakota, 
South Dakota, and Wisconsin involving 17 colleges 
and universities. With the goal of bringing engineering 
education to Native Americans and Native Hawaiians, 
the seven-year ongoing NSF-funded project included 
five Native Hawaiian-serving community colleges and 
six tribal colleges, each partnering with at least one of 
six mainstream State universities. A thirty-four 
person PEEC Book Advisory Council, including 
members from 16 of the 17 PEEC institutions, 
provided guidance for authors with PEEC 
experience who write about their successes, 
challenges, best practices, recommendations, and 
hopes for the future.

The authors share experiences for the benefit of 
practitioners of PEEC, for those who provided 
funding, and for would-be practitioners who may be 
interested in bringing engineering education to 
Native Hawaiians, Native Americans, under-
represented groups, and  students everywhere. It is 
our hope that readers gain insights that help foster 
the intent of the unique PEEC program long into the 
future.

Photo: North Dakota PEEC summer camp opening 
ceremonies at NDSU.  At left, G. Padmanabhan, 
Professor of Civil and Environmental Engineering, 
NDSU; with Robert Pieri (wearing a star quilt), 
Professor of Mechanical Engineering, NDSU.  
Pieri serves as NDSU PI for the ND PEEC, and 
Padmanabhan as the Co-PI.
(Photo credit: Lane Azure)

PEEC INSTITUTIONS:

Hawai‘i
Kapi‘olani Community College
Honolulu Community College
Leeward Community College
Maui College
Windward Community College
University of Hawai‘i System
University of Hawai‘i at Manoa

North Dakota
Cankdeska Cikana Community College
Nueta Hidatsa Sahnish College
*Sitting Bull Community College
Turtle Mountain Community College
North Dakota State University

South Dakota
Oglala Lakota College
South Dakota State University
South Dakota School of Mines and Technology

Wisconsin
College of Menominee Nation
University of Wisconsin – Madison
University of Wisconsin - Platteville

*All institutions have PEEC Book Advisory
Council members and/or authors with the
exception of Sitting Bull Community College.
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Kaha‘i Entering Kaneohe Bay     (painting © Herb Kawaini Kane) 
 
 
Awareness and pride in the achievements of one’s culture act as powerful driving forces for 
inspiring students toward challenging endeavors. This empowering motivator has guided 
Windward Community College’s Polynesian Voyaging program since 1996. As the first such 
curriculum in the University of Hawai‘i Community College System, this two-semester program 
with optional sailing labs highlights the engineering feats of the ancient Polynesian explorers by 
blending traditional voyaging and navigational techniques with modern science and technology. 
 
Students earn physical science credit in team-taught classes that cover topics in astronomy, 
geology, meteorology and engineering as well as Polynesian studies. The first semester 
focuses on seamanship and the technology involved in voyaging across the vast Pacific Ocean, 
while the second semester centers on stewardship as applied to the sustainability of these 
remote islands.  Each topic compares and contrasts Polynesian and modern technology, such 
as wayfinding versus instrument navigation. Pre-engineering and physical science students may 
take these classes as electives towards their Associate in Science in Natural Science degree. 
 
The incredible engineering feats of the early Polynesian voyagers had long been forgotten and 
even discounted for centuries until a re-awaking occurred in 1976 with the maiden voyage of 
Hokule‘a. Built to the specifications of the ancient long-distance canoes, Hokule‘a sailed from 
Hawai‘i to Tahiti, proving that such arduous journeys were possible as deliberate undertakings. 
In the process, it re-launched the spirit of discovery and elevated the self-esteem of the 
Hawaiian people. Today, we attempt to instill in our pre-engineering students an aspiration to 
carry on the impressive work of their ancestors by reflecting on the wealth of their technological 
accomplishments.  The list is great. 
 
The double-hulled canoe or wa‘a kaulua in Hawaiian is arguably the most significant 
engineering contribution of Polynesia. This marvel of technology enabled the epic voyages 
across the Pacific starting around 1500 BC. By the time western explorers reached Oceania 
some three thousand years later, these sophisticated vessels had already made landfall on 
virtually every island in the Pacific.  
 
The offshoots of nearshore outriggers, these deep sea, long-distance voyaging vessels 
traditionally consisted of two identical hulls lashed together with crossbeams, deck and shelter. 
Their rounded V-shaped hulls were constructed with wooden planks rather than being dugout, 
and caulked with coconut fiber and pitch from breadfruit sap (Lewis, 1994). The hull’s compound 
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curves provided superior structural strength while lessening drag. 
 
Unlike monohulls that require a centrally ballasted keel to prevent capsizing, Polynesian canoes 
exhibited high roll stability due to the wide beam afforded by their twin hulls or outriggers. 
According to Abramovitch (2005, p. 57), this engineering feat constitutes “quite possibly the first 
feedback mechanism created by humanity” — predating the water clock by at least 1,200 years. 
 
With a small hydrodynamic footprint these low-drag ships were exceptionally fast for their 
period.  Powered by one or two oceanic sprit sails made of woven coconut or pandanus leaves 
(Haddon & Hornell, 1938), these swift vessels were the forerunners of today’s racing 
catamarans. According to Captain Cook, who sailed these waters in the late1700s, at a close-
hauled speed of 7 knots one Tahitian canoe encountered at sea could out sail his HMS 
Endeavour (Lewis, 1994). As rigged later on Hawaiian canoes, the oceanic sprit sail was 
modified into curved spars with the aft spar’s apex lashed to the mast, giving the sail’s leech a 
concaved shape resembling a crab claw. Calculations by Marchaj (2005) demonstrated that the 
crab claw sail is superior to today’s standard sails like the Marconi/Bermuda at close haul and 
even better on reaching, delivering some 90% more lift. 
 
One drawback of a keelless sailing vessel is its limitation beating upwind.  Tests on replicas like 
the Hokule‘a indicate a maximum of 75o close-hauled, “which means the canoe must be sailed 
over almost 4 miles of ocean for every mile made directly to windward. Thus, a 500-mile trip 
would require nearly 2,000 miles of actual sailing.” (Finney, 1994, p. 127).  
 
The first European sighting of a Polynesian canoe occurred in 1616 when a Dutch vessel 
encountered a Tongan canoe presumably on its way to Samoa (Howe, 2006). Journals of early 
western explorers report canoes as long as 120 feet and 33 feet wide carrying as many as 120 
passengers. By one account, “a Fijian canoe built in Samoa carried 500 to 600 people” (Haddon 
& Hornell, 1936, p.43). Recovery of these ancient canoes is problematic.  Unlike shipwrecked 
monohulls that are discovered offshore in shallow water, damaged double-hulled canoes do not 
have a tendency to sink. They either drift out to sea where they disintegrate over time or are 
shattered by the pounding surf.  
 
Until recently, the only significant artifacts discovered of an ancient Polynesian voyaging canoe 
were “an 18-foot long steering sweep and a 17-foot long plank … buried under sand by a 
tsunami that struck a thousand or so years ago” on Huahine island nearby Tahiti (Finney, 1994, 
p.44).  In 2012 a 6-meter section of an ancient Maori canoe, estimated to have been 20 meters 
long, was discovered on the South Island of New Zealand (Johns et al, 2014). Made of wood 
native to that area, this canoe dates back to 1400 AD. 
 
 
Starting in the 1970s, Hawaiian artist Herb Kane inspired a renaissance in Polynesian voyaging 
with his masterful canoe paintings, relying in part on the detailed descriptions and illustrations of 
Polynesian canoes recorded by such explorers as Samwell and Webber, who accompanied 
Captain Cook on his last voyage to the Pacific (Kane, 1997). Today, a new fleet of Polynesian 
double-hulled canoes follows proudly in the wake of these ancient Polynesian marvels of 
engineering. And upon this swell of well-deserved pride, Windward Community College’s 
Polynesian Voyaging program continues to encourage our students to explore STEM-based 
courses and careers. 
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