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Abstract

This paper revisits the formation of the European Age of Exploration by re-examining
the claim of an “independent Western breakthrough.” Taking European overseas
expansion from 1400 to 1700 as its main thread, the paper argues that Europe’s
maritime capabilities did not emerge out of nowhere, but gradually developed through
the absorption of mathematical knowledge, astronomical observations, navigational
instruments, shipbuilding experience, and gunpowder technologies from Asia and Africa.
Atthe same time, Europe also developed its own distinctive features in its understanding
of Atlantic wind systems, the combination of different ship types, and the construction of
colonial institutions. By comparing Eurocentric interpretations, the “Great Divergence”
theory, and diffusionist explanations, this paper argues that so-called innovation was
more fundamentally a process of transforming knowledge across regions. Europe’s rise
depended both on the circulation of external knowledge and experience and on the
reconfiguration of commercial, military, and colonial power.
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1. Introduction

In 1511, a young man from Sumatra was taken as a slave from the great Malay port of Malacca.
His name was Enrique. Purchased by the Portuguese navigator Ferdinand Magellan, he was
brought to Europe and, ten years later, embarked on the expedition that would supposedly
"circumnavigate” the globe. Enrique was not a passenger. He was the fleet's interpreter—the
only person who could speak the languages of Southeast Asia, without whom the Spanish could
not have communicated, provisioned, or negotiated their way through the archipelago. When
Magellan was killed in the Philippines, Enrique vanished from European records. The
chronicler noted that he spoke directly with local rulers—without translation—and then
simply disappeared into the islands [1]. If Enrique returned to Southeast Asia, as he had long
sought to do, then he may have become one of the first individuals to complete a true
circumnavigation of the earth—an achievement often attributed to Magellan or his European
sailors.

By the beginning of the early modern period, Europe was undergoing significant internal
transformations while becoming increasingly connected to a wider Afro-Eurasian world
defined by imperial competition, commercial networks, and the circulation of knowledge and
technology. After the Black Death in late medieval Europe, society within Europe was in a
fragmented state, while the Ottoman Empire was a rising power with flourishing trade[2]. In
China, the Ming Dynasty was led by a centralized bureaucratic system. And in the Indian Ocean,
wealthy, self-governing, diverse trading ports existed, such as at Malacca and Hormuz, where
Muslim, Hindu, and Chinese merchants coexisted under flexible commercial laws [3]. Resource
scarcity and peripheral location disputes forced Europeans toward outward expansion. Lacking
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the spices, silks, and gold of the East, Europeans had to seek direct maritime routes to bypass
the rising Ottoman Empire which was increasingly controlling trade routes between Asia and
Europe. The Portuguese and Spanish may have successfully forged new routes during this time,
but only because they were able to learn and repurpose non-European knowledge. They
absorbed innovations from the Afro-Asian world.

Innovation is often understood narrowly as the invention of new technology. However, this
definition fails to capture the broader historical processes that enabled European expansion.
Innovation in the European Age of Exploration can be understood as a broad and multifaceted
process that includes both the creation of new ideas and technology and the adaptation and
synthesis of existing ones [4]. It encompasses both technological innovations and non-
technological innovations. In addition, innovation does not have to be inherently positive; while
it facilitated progress in connectivity and knowledge exchange, it also enabled the development
of new methods of control and exploitation, particularly through systems of colonization and
race-based slavery. In the Age of Exploration, innovation was deeply developed imbalanced,
many physical tools that enabled people to cross oceans, such as the magnetic compass, the
astrolabe, the sternpost rudder, or the lateen sail had been innovated in China, India, or the
Arab world, making Europe less an innovator and more so a borrower and synthesizer of Afro-
Asian innovations. Where Europe broke genuinely new, however, was not in technology but in
the non-technological innovations like empire-building[5]. Racially, Europeans innovated
something the Indian Ocean's polyethnic trading system had never required: a hierarchy that
linked race itself to obedience and subjugation. The compass and the caravel were borrowed
and synthesized; large-scale overseas colonization was invented outright. It was this act of
invention, not the borrowed hardware, that ultimately allowed Europe to become the world's
central power.

The time period 1400 to 1700 marks a critical transition where many European countries went
from being fragmented and relatively isolated to later becoming wealthy, dominant, expanding
global powers. In 1400, the Black Death's demographic shifting had just subsided, the Ottoman
Empire’s consolidation was severing traditional European access to Asia, and China's Ming
dynasty was at the height of its treasure fleet expeditions under Admiral Zheng He (1405-
1433). Europe remained a relatively peripheral place to the major centers of Afro-Asian wealth
and power. The Indian Ocean hosted thriving commercial networks connecting East Africa,
Arabia, India, and Southeast Asia. By 1700, however, European powers had established colonies
throughout the Americas, built a transatlantic slave trade that had already forcibly transported
over a million Africans, and begun accumulating wealth by planting sugar, tobacco, and silver.
[t would fund their rise to global economic and political dominance. This big shift occurred not
only because of a single invention but because of interactions between inherited technologies
from the Afro-Asian world and emerging European innovations.

This essay argues that on the Age of Exploration between the 15th century and 18th century
was not an independent Western triumph but a process of integration that combined
innovations from the Afro-Asian world with European refinement and its creation of non-
technological innovations. The main breakthrough of innovation that Europe achieved was less
so the creation of entirely new technology and more so the innovations of using empirical
knowledge to create overseas colonial systems[6]. European navigators like Vasco de Gama
may have discovered a new route to India, but it was not his achievement alone. Centuries of
Afro-Asian precedence in shipbuilding, celestial navigation, cartography, and oceanic trade
networks also played important roles. What Europe contributed was not advanced inventions
like navigator tools but a novel non-technological innovation-the ability to synthesize
borrowed technologies into aggressive bureaucratic systems. Thus, European exploration was
genuinely innovative, but its innovations were mainly institutional and ideological rather than
technological.
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2. Debate between historians on the Great Divergence

Before examining the technological and institutional foundations of European expansion, it is
necessary to consider the language in which this history has traditionally been understood. The
term “discovery” itself reflects a Eurocentric assumption that European voyages created
historical significance that they found previously unknown lands and peoples. In reality, the
regions explored by European explorers were already integrated into complex commercial and
knowledge exchange networks. Europeans seem to be active discoverers, and non-European
societies seem to be passive recipients waiting for European arrival. This terminology
minimizes the contributions of existing American, African, and Asian worlds and reinforces the
succession of European exceptionalism. Kehinde Andrews, a British scholar of Black Studies,
critiques Eurocentric historical narratives by arguing that traditional accounts of modern
history often focus on the experiences of Europeans and dismiss the contributions of non-
European peoples. This was an intellectual terra nullius, which means a disregard of non-
European knowledge systems so that Europeans could claim the monopoly on reason and
progress. When Columbus "discovered" the Caribbean in 1492, millions of people already lived
in those islands. They possessed sophisticated agricultural systems, complex social structures,
and established trade networks. When Vasco da Gama "discovered” the sea route to India in
1498, he relied on local pilots who had navigated the Indian Ocean for centuries and arrived at
ports that had been thriving commercial hubs for over a millennium. Da Gama's own sailors
recorded this dependence: in Mozambique, the crew encountered “Moor” merchants already
trading gold, silver, cloves, and precious stones, and it was local Muslim pilots who ultimately
guided the fleet to Calicut and Pandarani, which the Portuguese could not do themselves. The
same account registers the stark imbalance of wealth the Portuguese found waiting for them:
the trade goods they had brought were met with open mockery, a reaction that made the gap
between European and Indian Ocean wealth immediately and materially obvious rather than a
later historian's inference. European voyages did not create global trade, but they connected,
and eventually forced their way into existing networks that had already linked Africa and East
Asia.

This point leads to a debatable term, which is the Great Divergence. This point leads to a
debated term in global history: the Great Divergence, proposed by Kenneth Pomeranz, which
describes the historical moment at which Western Europe pulled decisively ahead of other
advanced Afro-Asian economies, including China and India, after centuries in which the two
regions had been prominently comparable. The debate is not on whether this divergence
happened, but on when it began and why a region peripheral to global wealth and power in
1400 came to dominate it by 1800. Historians have different views on the relationship between
East and West. The history of technology is a "long, protracted inversion": around 1000 CE the
Asian civilisations were far ahead in wealth and knowledge, yet by 1500 the situation changed,
and Portuguese penetration of the Indian Ocean reflected decades of rational exploration and
technological improvement rather than mere luck. The church can help people innovate and
work. By contrast, in China, under bureaucratic control, they didn’t effectively use their
innovation to get a preponderant status, and bureaucracy also killed initiative [7].

Historians of the Great Divergence have two different opinion, and this essay firmly disagrees
with some idea, as represented by Landes, that locates Europe's rise in Europe itself, which
made European success seem earned rather than accidental. The evidence assembled here
instead supports that Europe's rise was contingent, borrowed, and often violent, rather than
inherent European inventions. Kenneth Pomeranz's environmental revisionism against Landes’
theory. Pomeranz argues that as late as the mid-eighteenth century the advanced cores of China
and Europe were remarkably similar in economic, so that no internal cultural advantage can
explain divergence. What separated them was ecological: all densely populated Eurasian cores
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faced the same constraint of land and fuel, and Europe escaped the Malthusian trap only
through two surprisingly different sources—accessible coal deposits and coercively extracted
access to the resources of the New World. In The World That Trade Created, he said that
European advantages stemmed more from luck and violence than from superior economic
flexibility, and that for most of the period Europeans were participants in a pre-existing world
economy that they sometimes destroyed too [8]. John Hobson (2004), in The Eastern Origins of
Western Civilisation, offers a third model, one rooted in diffusionism. Hobson argues that
Europe was not the source of global innovation but the recipient of it. Between 500 and 1100
CE, China was the world's most technologically advanced civilization, pioneering iron smelting
with coke, watertight bulkheads, the sternpost rudder, and the magnetic compass [9]. Islamic
civilization provided the mathematical sine functions, astronomical tables (Zij), and
navigational instruments that made open-ocean sailing possible [10]. Pomeranz's contingency
and Hobson's diffusion both suggest that Columbus and Vasco da Gama voyages did not create
global commerce but inserted themselves into an already-existing Afro-Asian trading world —
a rise that was neither an organic internal development nor a purely environmental accident,
but a contingent process built on systemic borrowing from other continents' existing systems.

3. Borrowed Hardware: The Afro-Asian Origins of European Navigation
and Warfare

3.1. The Islamic Mathematical Revolution and Astronomical Foundations

European maritime expansion depended not only on ships and navigational instruments but
also on mathematical knowledge accumulated across Afro-Asia. ]. Lennart Berggren traces the
decisive transition from the chord-based geometry of the Greeks to the sine-based
trigonometry perfected by medieval Islamic scholars. Ptolemy's Almagest relied on a
cumbersome Table of Chords, the chord being the straight line subtending an arc in a circle of
fixed radius. This system allowed mathematicians to double angles to compute arcs. Islamic
mathematicians adopted the sine function from Indian astronomical texts and translated in the
eighth century. It led to far more elegant and direct calculations [11]. The practical power of
these methods showed in al-Biruni's determination of the Earth's radius from the dip angle of
the horizon observed atop a mountain, and in the gibla problem—the requirement to face
Mecca in prayer—which is a genuine exercise in spherical trigonometry demanding the
latitudes and longitudes of two points on a sphere; solving it repeatedly built exactly the
spherical-triangle techniques that deep-sea navigation would later need [12]. The transmission
of Islamic astronomical knowledge into Europe was not an isolated event but a sustained
process across several centuries. Jabir ibn Aflah's Islah al-Majisti, written in twelfth-century
Seville, was translated from Arabic into Latin in Toledo by Gerard of Cremona in 1175 and later
into Hebrew by Moses ibn Tibbon. It allowed astronomical techniques developed in al-Andalus
to circulate across Christian Europe. Later refinements to planetary tables and solar
observations also entered European scientific practice through multiple channels. The
Gregorian calendar reform adopted measurements of the solar year that were more precise
than those inherited from medieval Latin astronomy, while Arabic astronomical instruments
continued to be adapted by Renaissance craftsmen and studied by European scholars able to
read Arabic. By the fifteenth century, European astronomers and navigators were therefore
working within a scientific tradition that had been substantially enriched through centuries of
Islamic scholarship rather than relying solely on classical Greek inheritance [13]. The practical
impact of this mathematical inheritance is really profound for European development. The sine-
based trigonometry perfected by Islamic scholars became the exact mathematics that European
navigators adapted for accurate deep-sea charts and navigation manuals, such as the work of
the Portuguese mathematician Pedro Nunes [14]. When Vasco da Gama's pilots calculated their
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latitude using the altitude of the sun or the Pole Star, they were employing mathematical tools
first developed in 9th-century Baghdad and refined in 12th-century Seville. The European
"Scientific Revolution” of the 16th and 17th centuries was not a rupture with the past but a
continuation and an assimilation—of intellectual traditions that had flourished in the Islamic
world for centuries.

3.2. Instruments of Celestial Observation: The Astrolabe and Quadrant

Mathematics alone could not navigate a ship. It required instruments to translate theory into
practice and led them to find their way. The most important of these instruments was the
astrolabe, a device that allowed navigators to measure the altitude of celestial bodies and
thereby determine their latitude. While the astrolabe had Greek antecedents, it was Islamic
astronomers who transformed it into a precise, portable, and elegant tool of observation.
I[slamic instrument makers developed sophisticated designs, including the universal astrolabe;
unlike standard versions that required different plates for different latitudes, it used a specific
projection that worked at any latitude, making it essential for the global voyages of the Age of
Exploration [15].

The transmission of astrolabe technology to Europe followed the same Iberian routes that
carried Islamic mathematics. Richard Lorch documents the transition of astronomical
instruments to the Iberian Peninsula through figures like Jabir ibn Aflah and the Toledan
translation movement [16]. By the 16th century, European instrument makers were directly
adapting Islamic technology for local use. George Saliba notes that the Arsenius family of
astrolabe makers in the Netherlands fitted Latin star maps (retes) onto Arabic instrument bases
(maters) originally made in Muslim Spain—a literal synthesis of Islamic hardware and
European calibration [17]. The astrolabes carried aboard Portuguese and Spanish exploration
fleets were not European inventions but evolutionary descendants of eleventh-century Toledan
craftsmanship, refined through centuries of Islamic instrument-making before reaching the
hands of Iberian navigators.

The kamal, a simpler but also crucial instrument, was also a direct borrowing from Afro-Asian
navigational technology. It was a simple wooden board strung with a knotted cord and held at
a fixed distance from the eye. It was measured by gripping the knot between the teeth, and the
board let a navigator sight the Pole Star's altitude above the horizon and calculate latitude
without any specialized astronomical training. Vasco da Gama's crew encountered the kamal in
use in the Indian Ocean and immediately recognized its value for exactly this purpose [18]. The
backstaff, which let navigators measure the sun's altitude without looking directly into it, was
a European refinement of an Afro-Asian original — an improvement, not an invention.
Columbus's own journal shows a parallel pattern of practical adaptation to manage his crew's
fear during the long Atlantic crossing; he maintained two separate reckonings of distance and
recorded the first European observation of magnetic variation, noting that the compass needle
pointed not to the North Star itself but to an "invisible fixed point” [19]. Whether or not he
borrowed the knowledge and refined it into new instruments. European celestial navigation at
every level depended on Afro-Asian foundations and did not itself originate.

3.3. The Compass

If the astrolabe provided a way to measure latitude, the compass provided a way to maintain
direction. The magnetic compass was not a European invention; its origins lie in Han and Song
Dynasty China, where mariners utilized the "south-pointing needle" floated in basins of
seawater to maintain a course during starless nights or foul weather [20]. Chinese sailors had
developed watertight bulkheads, balanced rudders, and sophisticated star-measuring boards
(qianxingban) for determining latitude before any European vessel ventured into the open
Atlantic [21]. The compass reached Europe through Arab and Persian mariners, who had
integrated it into their own navigational traditions by the 12th century [22].
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Once it entered the European world, the compass underwent significant mechanical refinement.
E.G.R. Taylor traces the evolution of the compass from a needle rubbed on a lodestone and
floated in water to a needle pivoted on a pin and attached to a "wind-rose" card that allowed
precise readings of 32 points [23]. This was not a new invention but an adaptation—combining
Eastern magnetic concepts with Western mechanical modifications. The physical
implementation of the compass stabilized the needle on stormy Atlantic voyages, allowing
European ships to maintain course in conditions that would have rendered Arab dhows or
Chinese junks unmanageable. Even this refinement was built on a foundation of Afro-Asian
knowledge. As John Hobson observes, Chinese sailors used lead-and-line to measure depth and
calculated longitude by tracking time segments ("watches") that elapsed while traveling at an
estimated speed, techniques that European navigators would gradually [24].

3.4. Naval Architecture: The Lateen Sail, the Rudder, and the Bulkhead

Europeans’s ship across the Atlantic were synthesizing design traditions from across the known
world. J.H. Parry, in The Age of Reconnaissance, notes that 15th-century European shipbuilding
represented a "marriage of European with oriental traditions,”" combining the northern
European cog design—square-rigged, bluff-hulled, and clinker-built—with the southern
tradition of oared vessels and lateen-rigged sailing ships [25]. The Arabs' major contribution
was the development of rigging, particularly the triangular lateen sail, which allowed ships to
sail close-hauled into the wind.

Before the fifteenth century, northern European shipbuilding was dominated by the cog: a
square-rigged, bluff-hulled, clinker-built vessel (its hull planks overlapping rather than laid
edge to edge) that was sturdy in rough Atlantic and North Sea waters but poor at sailing close
to the wind. It was Portuguese shipwrights, working under the patronage of Prince Henry the
Navigator along the Atlantic coast, who most consequentially adopted the Mediterranean and
Arab lateen rig for its maneuverability, combining it with square rigs on the fore and main masts
to create the three-masted hybrid ship around 1450. It is a vital innovation that allowed for
better balance and maneuverability on long ocean passages [26]. The result was the caravel, a
small, handy vessel of mixed Mediterranean and Arab knowledge that Portuguese sailors used
for its ability to get into West Africa and navigate variable winds. Spanish shipwrights built on
the same logic to produce the carrack, a larger merchant vessel built for cargo capacity and
defense and featuring high-charged castles to repel boarders — it was in a carrack, the Santa
Maria, that Columbus crossed the Atlantic in 1492. By the sixteenth century, Spanish and
English shipwrights had developed the galleon, longer and narrower than the carrack and
designed specifically as a sailing warship to carry heavy artillery between decks. Later still,
Dutch shipwrights in the yards of Hoorn and Amsterdam developed the fluyt, a cargo-carrier
designed for maximum hold space and minimum crew, which let the Dutch undercut every
competitor's shipping costs and come to dominate Atlantic carrying trades [27].

The technologies these channels carried can trace to specific origins, not a generic
Mediterranean or Eastern region. The lateen sail, the single component most responsible for
the caravel's ability to sail close-hauled, originated with Arab and Byzantine Mediterranean
sailors and reached Iberian shipwrights through the direct contact described above. This
triangular rig, not anything northern European shipwrights had developed independently,
solved the problem of countering wind against the Atlantic trades. The sternpost rudder also
allowed large vessels to be steered with far less effort than earlier side-mounted oars. It is very
likely arrived by a similar Chinese to Islamic to European route, appearing in China as early as
400 CE before reaching Iberian shipyards via the Islamic world around 1180. Iberian
shipwrights in Portugal and Spain supplied natively was narrow. They only provided the bluff-
hulled, clinker-built cog itself, sturdy in rough northern Atlantic waters, and the labor of
physically fitting these borrowed components, including Arab rigging, Chinese-derived
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instruments, and a rudder of likely Eastern origin onto that single northern hull [28]. Thus, the
caravel's raw materials came from Byzantine, Arab, and Chinese hands; only its final assembly,
joining these borrowed pieces onto a single northern hull, belonged to Iberian shipwrights.

3.5. Powder and Steel: Gunpowder and Heavy Artillery

Gunpowder is the clearest case of European borrowing and refinement — and it mattered for
exploration specifically because it was ship-mounted artillery, not gunpowder in the abstract,
that let small European fleets seize and hold ports across the Indian Ocean and Atlantic. China
invented gunpowder and held a lead in its military application for roughly 500 to 600 years
[29]. The transition from primitive incendiaries (fire arrows) to explosive bombs and metal-
barreled tube weapons occurred first in China, driven by the intense military competition of the
Song and Yuan eras; Song emperors personally rewarded weapon inventors and established
massive military-industrial complexes. This was not a marginal or accidental development:
archaeological evidence confirms a functioning gun in Manchuria dating from the 1200s, and
twelfth-century sculptures from Sichuan depict figures holding vase-shaped bombards loaded
with cannonballs, indicating that metal-barreled weaponry had already matured well before
any European state possessed the concept.

Gunpowder reached Europe largely through the Mongol conquests of the thirteenth century.
By the early 1300s Europeans and Arabs had acquired firearms, and by the 1400s the
technology had spread to the Turks, Iranians, and Indians [30]. Crucially, it arrived in Europe
as a "mature” technology, skipping the centuries of Chinese experimentation with fire arrows.
Early fourteenth-century European cannons, like the Loshult gun, closely resembled Chinese
prototypes — small, bottle-shaped, anti-personnel weapons. What changed this borrowed
technology into something distinctly useful for overseas expansion was a shift in purpose [31].
Where shipbuilding shows Europe synthesizing distinct maritime traditions into new hybrid
forms, gunpowder shows something narrower: the refinement of a single borrowed technology,
redirected toward a strategic its Chinese inventors never faced. Kenneth Chase's "Nomadic
Barrier" thesis explains this divergence, and it matters for exploration because it explains why
heavy artillery ended up on ships rather than staying a purely continental weapon. The
advanced civilizations of the Middle East, India, and China faced constant threats from steppe
and desert nomads, against whom the earliest were useless. Some effective warfare still relies
on mobile cavalry, not artillery. This same logic transferred directly onto the water: European
fleets could mount their bulkiest, most static cannon on galleons and carracks precisely because
European warfare had never needed guns to be mobile enough for cavalry. Europe's military
"revolution,” in other words, was not an invention but an optimization — a ruthless adaptation
of aborrowed Chinese chemical formula and design, redirected from continental siege warfare
toward the specific task of arming ships and coastal forts to hold territory an ocean away from
home [32].

4. Genuine European Contributions and Syntheses

This section turns to the question of what Europe actually invented: Portuguese navigators in
the fifteenth and sixteenth centuries, and English colonial administrators and lawmakers in the
seventeenth. Europe's genuine breakthroughs were not technological at all. As the previous
section showed, even European shipbuilding was learned from Arab and Atlantic traditions
rather than a native invention. Some genuinely new was, first, the systematic mastery of
Atlantic wind systems that no other civilization had exploited from this, and second, the most
consequential, the invention of racialized legal systems that transformed borrowed hardware
into enduring structures of software, they did not try to seek equal trade relationships instead
of directly conquered and looted indigenous people resources. European countries did not
simply add themselves as equal partners into the pre-existing trading networks of the Indian
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Ocean and the Atlantic; they used the access of wind mastery and ships to build empires and
construct a system of hereditary, race-based slavery that no earlier participant in those
networks had occurred.

If the previous section showed that Europe's physical tools were borrowed, this section talks
about what Europe actually did with them. It is not a parallel list of "genuine" inventions to set
against the "borrowed" ones. So they have the opportunity to convert temporary commercial
access into permanent extraction. Existing Afro-Eurasian trade networks had attracted foreign
merchants for centuries without any of them seizing territory. Europeans do differently was
not superior navigation or superior ships in themselves, but the invention of a legal and racial
apparatus, including hereditary, codified, applied to land and labor. Europe's genuine
inventions were not inventions in the narrow perspective, but syntheses of borrowed
technological and non-technological into durable tools and control.

4.1. Mastering the Atmosphere: The Climatology of the Volta do Mar

The most fundamental obstacle to oceanic navigation was not technology but wind. Prevailing
winds and currents in the Atlantic did not cooperate with the simple logic of sailing directly
south or east. Portuguese navigators, however, solved a counterintuitive riddle that would
become the foundation of European Atlantic hegemony: to go east, one must first sail west—
and to go south, one must first sail north. This insight, known as the Volta do Mar, was a genuine
European innovation in environmental knowledge.

Roger Crowley, in Conquerors, documents how Portuguese navigators like Bartolomeu Dias
and later Vasco da Gama discovered the "riddle of the winds" by sailing in a huge looping curve
into the center of the South Atlantic [33]. Rather than attempting to beat upwind against the
coastal trade winds that blew from the northeast, they sailed far northwest into the open
Atlantic, catching the westerly winds that would carry them around the Cape of Good Hope.
This maneuver—sailing southwest to eventually go east—was completely violating the sense.
It required navigators to deliberately leave the sight of land and trust in a wind system they
could not see. But it worked. Da Gama's successful passage to India in 1498 was not merely a
technological achievement; it was a climatological one. As Crowley notes, the Portuguese
achievement was not "finding" India, which was already well-known to others, but being the
first to "link the oceans together"—and that linking depended on mastering the atmosphere
[34].

The Volta do Mar was not a one-time discovery but a cumulative environmental science.
Portuguese navigators developed systematic knowledge of Atlantic wind patterns: the
northeast trades, the westerlies, the doldrums, and the seasonal variations that made different
routes viable at different times of the year. Peter Russell, in his biography of Prince Henry the
Navigator, emphasizes that Henry's sponsorship of exploration was not merely financial but
intellectual—he gathered navigators, cartographers, and shipbuilders to systematically study
wind patterns and currents [35]. This was not the work of a single genius but of an
institutionalized, state-backed program of environmental observation.

4.2. Synthesis as Innovation: The Sustained Combination of Caravel, Carrack,
Galleon, and Fluyt

Europe innovated not the ship parts themselves, but a sustained institutional capacity for
purposeful recombination that took borrowed components and reassembled them differently
for new strategic problems. Fifteenth-century European shipwrights did not invent a new type
of vessel; they combined existing traditions from across the known world. The result was a suite
of ship types—caravel, carrack, galleon, and fluyt—each optimized for a specific function. The
European breakthrough was not a singular invention but a flexible synthesis of disparate
European and Arab traditions. ].H. Parry, in The Age of Reconnaissance, describes this synthesis
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as a "marriage of European with oriental traditions" [36]. The northern European cog—square-
rigged, bluff-hulled, and clinker-built (with overlapping planks)—provided cargo capacity and
stability in rough seas. The southern Mediterranean tradition of oared vessels and lateen-rigged
sailing ships, which had absorbed Arab influences, provided maneuverability and the ability to
sail close-hauled into the wind [37]. Parry notes that the Arab contribution was "major"” in the
development of rigging, and that European ship design was "more adaptable than the galley,
and more readily influenced by inventions from outside, whether from the Indian Ocean or the
Atlantic" [38].

The caravel was the first great hybrid. A small, handy vessel of mixed Mediterranean and Arab
ancestry, the caravel was highly praised for its ability to navigate variable winds. It was the ship
of choice for Portuguese exploration along the West African coast because it was light enough
to sail up rivers, yet seaworthy enough for open ocean. Its lateen rig allowed it to sail close-
hauled, a critical advantage for a ship that needed to beat back upwind against the northeast
trades. As Carlo Cipolla notes in Guns, Sails and Empires, the caravel's ability to sail against the
wind was not a technological breakthrough in the sense of a new invention, but a synthesis that
made the long-distance voyages of exploration possible [39]. The carrack was the caravel's
larger version, built for cargo capacity and defense. With high-charged castles fore and aft to
repel boarders, the carrack was the first European ship capable of carrying substantial cargo
across the ocean while defending itself. It was in a carrack—the Santa Maria—that Columbus
crossed the Atlantic in 1492. The carrack's square rigs on fore and main masts, combined with
a lateen mizen, allowed for both speed and maneuverability, though its bluff hull made it slower
than later designs [40]. The Dutch fluyt, developed by Dutch shipwrights in the yards of Hoorn
and Amsterdam developed the fluyt, a late 16th-century cargo-carrier, represented a different
kind of synthesis: economic profit. Designed for maximum hold space and minimum crew, the
fluyt was cheap to build and cheap to operate. Its shallow draft allowed it to access ports that
larger ships could not, and its minimal weapon spaces meant it carried more cargo per ton. The
fluyt allowed the Dutch to dominate Atlantic carrying trades because it reduced costs below
what any competitor could match [41]. This was not a technological breakthrough but an
innovation in how to make shipping for profit.

What unified the caravel, carrack, galleon, and fluyt was not any single new component but a
shared practice: the deliberate, repeated act of combining existing Mediterranean, Arab, and
Atlantic design traditions into new configurations engineered for specific strategic and
commercial purposes. The caravel can not be produced by only Afro-Asian or Mediterranean
knowledge. This useful synthesis, refined and repeated across two centuries and four distinct
ship types, was itself a genuine European innovation, even where every individual component
it drew on was borrowed. The breakthrough was not in creating new technologies from scratch
but in synthesizing existing ones into flexible, optimized platforms—and the agents of this
synthesis were specific, not generic. In the fifteenth century, it was Portuguese shipwrights
working under the patronage of Prince Henry the Navigator (Infante Dom Henrique) who drove
the most consequential experiments, adapting vessels to the demands of Atlantic exploration
and the West African trade in gold, ivory, and enslaved people. The result was the three-masted
hybrid vessel become the most important characteristic around 1440 to 1450: the caravel, and
later the larger carrack, optimized not for a single sea but for the variable wind systems of the
open Atlantic. Spanish, Genoese, and later Dutch shipwrights built on this same logic in the
decades that followed. As Cipolla summarizes, these builders "combined the best of both
worlds"—but they did so under specific pressures, for specific voyages, and on the payroll of
specific crowns competing for access to African and eventually American wealth [42]. The
breakthrough is not creating new technologies from scratch but in the difficult, iterative work
of synthesizing existing ones into flexible, optimized platforms — and the agents of this labor
were specific, not generic.

144



Frontiers in Humanities and Social Sciences Volume 6 Issue 10, 2026
ISSN: 2710-0170

4.3. Non-Technological Innovation: Race, Slavery, and Colonization

If Europe's technological hardware was largely borrowed, its most distinctive contribution lay
elsewhere. As Portuguese and Spanish voyages moved beyond coastal trading posts and into
the interior, the pattern of European engagement shifted from commercial exchange to
territorial conquest and demographic control. Columbus's own journal, describing his initial
encounters in the Bahamas in October 1492, he recorded that the people he met were gentle,
unarmed, and freely shared everything they possessed, and concluded in the very same entry
that they would make good servants and that with only fifty men he could subjugate them
entirely. The intent to dominate and enslave occurred from the very first days [43]. European
conquest turbulated these existing networks rather than simply joining them: Indian Ocean
ports were controlled by Portuguese fleets, Indigenous American populations were killed in
vast numbers by conquest and disease or enslaved outright, and land once governed by Aztec
and Inca was redistributed to European crowns and colonists. Europeans did not merely
participate in existing commercial systems. They began controlling land, extracting labor, and
constructing settler societies designed to transfer wealth and power back to their own
territories. This was not a simple extension of the long-established Afro-Asian trade networks.
Europeans did not merely participate in existing commercial systems; they began seizing land,
extracting labor, and constructing settler societies designed to transfer wealth and power back
to the metropole on an unprecedented scale. To make this system work, they needed a
mechanism to organize conquered populations, justify dispossession, and stabilize rule over
vast territories they could not have governed by force alone. The answer was not a
technological invention but a social one: the construction of bureaucratic racial hierarchies. The
violence of this process was documented by Bartolomé de las Casas, a Spanish Dominican friar
and former colonist, whose 1542 account described Spanish people falling “like ravening
wolves” upon Indigenous communities that he portrayed as peaceful and largely defenseless.
He also saw the enslavement and destruction he witnessed across Hispaniola, Cuba, and the
mainland as driven by the greed for gold and power [44]. Europeans did not invent slavery—
slavery had existed in nearly every human society. But they did develop racialized, hereditary,
and legally codified systems to sustain it, embedding race into property law, inheritance, and
social standing in ways that transformed human difference into a formal instrument of
governance. In the medieval period, the primary axis of distinction was religious: Christian
versus infidel. A Muslim or pagan who converted to Christianity could, in theory, be freed or
fully integrated. This is the situation in the early decades of Spanish and Portuguese
colonization: Africans who converted were sometimes freed, and intermarriage between
Europeans and indigenous peoples was not uncommon. However, as the scale of the slave trade
grew, this religious framework became inconvenient. Planters needed a justification for
perpetual enslavement that conversion could not erase.

The legal codification of this racial hierarchy reached its most explicit form and consensus from
elites in the Virginia slave codes of the 17th century. The 1662 Virginia statute established the
principle that the status of a child followed the condition of the mother. This was a legal
innovation, which was different from British law that a child's status followed the father. Under
the old rule, children born to enslaved women and free white men would have been free. The
new rule ensured that slavery would be hereditary, self-reproducing, and linked permanently
to the mother's body [45]. The 1705 Virginia slave code kept establishing a clear legal
distinction between "white" persons and all others, and prohibited any "negro, mulatto, or
Indian" from holding office or bearing arms, regardless of their status as "free" [46]. This was
not a gradual evolution of existing prejudice; it was an intentional construction of racial
hierarchy.

Gerald Horne, in The Dawning of the Apocalypse, mentioned the intellectual shift that replaced
religion with race as the primary ideology in society. The English development, Horne argues,
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supplanted religion with "whiteness," triggering new flows in society, providing a "broader
base for settler colonialism"” than Catholicism alone could provide. This "whiteness" project was
a synthetic intellectual invention to bridge warring European ethnicities like English, Irish,
Scots, Welsh, and later others into a formidable whole to confront rebellious indigenous
Americans and enslaved Africans. Europeans reinterpreted theological concepts, like the
"Curse of Ham," to rationalize the mass enslavement and dehumanization of Africans, moving
the justification for domination from the "soul" to the "epidermis"” [47]. As Horne observes, the
justification for slavery shifted from the soul—where conversion might free a slave—to the
epidermis, which could never change. While in The Apocalypse of Settler Colonialism
demonstrates that "whiteness" was not a pre-existing condition but a synthetic identity forged
in the 17th century to manage the instabilities of colonization. European elites created a "Pan-
European concord" that allowed Europeans of diverse and often warring backgrounds—
English, Dutch, French, Jewish, Catholic, and Protestant—to "leapfrog" ethnic and religious
boundaries to form a unified front against the "other". Racial identity provided a tangible
material benefit to poorer Europeans, ensuring their loyalty to the colonial and also providing
poorer Europeans with racial privileges and the prospect of land seized from Indigenous
peoples [48]. James Belich reinforces this point, arguing that "neither racism nor expansion was
peculiar to Europeans. Their speciality was combining the two" [49]. Belich defines race as the
"software of expansion"—the ideology that transformed borrowed hardware into a sustainable
system of colonial domination [50].

This was innovation of a particular kind that is not technological, and not admirable. To justify
colonization, Europeans constructed a racial narrative that viewed Indians as "savages" who
made "small benefit of their land," even as they relied on Indian clearings and highways [51].
The racial system can manage labor efficiently and prevent cross-class alliances. After Bacon's
Rebellion (1676), which is a joint rebellion by poorer Africans and Europeans, the elite granted
concessions to those defined as "white" while further degrading the status of Africans and
Indigenes to prevent future alliances [52]. Colonial elites systematically granted legal privileges
and material concessions to those classified as "white," while intensifying the conquest of
Africans and Indigenous peoples—a calculated maneuver to render future alliances
unthinkable. Race forged a compensatory "shared whiteness" that bound together an otherwise
fractious colonial population.

5. Conclusion

The evidence in this essay demonstrates that the European Age of Exploration between 1400
and 1700 was neither the sudden triumph of an exceptional Western civilization nor the
product of an isolated technological revolution. The evidence assembled here challenges the
standard narrative in which Europe's rise to global dominance is explained by its own internal
genius, including superior ships, astronomical instruments, or the hierarchy that other worlds
don’t have. Rather, European expansion occurred late to a world already thriving: Islamic
mathematics and instrumentation, Chinese shipbuilding and gunpowder, and Indian Ocean and
trade networks provided the essential foundations Europe needed to establish maritime power
in the first place. Where Europe genuinely did innovate was not in the hardware of exploration
but in the institutions of domination: the racialized, hereditary legal systems of slavery and
colonial rule. Chinese innovations such as the magnetic compass and sophisticated shipbuilding
techniques combined with Islamic advances in astronomy, trigonometry, cartography, and
navigational instrumentation had been transported across the Eurasian world before
Columbus or Vasco da Gama started on their voyages [53]. European navigators did not invent
these scientific traditions independently; instead, they selectively adopted, translated, modified,
and integrated them through continuous interaction with existing Afro-Eurasian networks. Yet
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the transfer of technology was only one dimension of a deeper dependency. Hobson (2004)
demonstrates that many technologies traditionally celebrated as "Western" possessed deep
Eastern origins [54]. Consequently, the Age of Exploration should be understood less as the
beginning of globalization than as Europe's increasingly successful—and initially violent—
maneuver to reroute its position within an already interconnected Afro-Eurasian world
economy established long before 1492.

However, there have been some genuine European innovations. Some evidence instead
suggests that Europe's distinctive contribution is the unprecedented synthesis of existing
technologies with new organizational and institutional forms. The Portuguese mastery of
Atlantic wind systems through the volta do mar represents one of the most consequential
algorithmic breakthroughs of the Age of Exploration. It wasn't a physical instrument, but a
navigational tool to investigate North Atlantic ocean circulation. The adaptation of hybrid
ocean-going vessels combining Atlantic, Mediterranean, and Islamic shipbuilding traditions,
and improvements in naval artillery significantly enhanced Europe's expedition ability [55].
Equally important were institutional innovations that enabled Europeans to mobilize
knowledge and capital more effectively. Ferguson (2011) emphasizes that political
fragmentation and interstate competition encouraged continual technological refinement [56].
Thus, European expansion resulted not from technology alone but from the ability to
reorganize global knowledge to increase their power across oceans.

These organizational achievements cannot be separated from the structures that
simultaneously underpinned European imperial success. It not only includes innovations that
facilitated global development but also enabled unprecedented systems of conquest and racial
domination. Said (1994) demonstrates that European imperialism depended not only upon
military conquest but also upon intellectual systems that classified colonized peoples as
naturally subordinate, thereby legitimizing domination [57]. Consequently, Europe's global
advantages depended on innovations in finance and racial governance, as well as on
improvements in navigation or shipbuilding. Recognizing these historical dynamics can also
reshape our understanding of the origins of the modern global economy. Many trade routes
were already built between the Afro-Eurasian world. These interconnected circuits built
unprecedented economic growth for certain regions while simultaneously institutionalizing
profound global inequalities. There are still inequalities between European and other colonial
areas. All these come down to one reason which is the adaptation and invention within different
countries are key to becoming a modern society.

Ultimately, the Age of Exploration was not simply an era of heroic navigators or remarkable
technological achievement, but a remarkable period in which collaboration, adaptation, and
exploitation became intertwined. European expansion succeeded because it combined Afro-
Asian scientific knowledge and material technologies with distinctive Atlantic maritime
strategies, corporate finance, competitive state structures, and increasingly racialized legal
institutions and hierarchy. This synthesis enabled Europe to participate in an existing world
economy and political system. At the same time, it laid the foundations of modern capitalism
and global inequality. The very trade routes that carried silk and spices also moved silver and
sugar, creating the first truly global division of labor—where enslaved Africans worked
American plantations to feed European working classes, while Asian economies were flooded
with New World silver, destabilizing their monetary systems. Thus, civilizations have always
developed through interconnected processes of exchange and adaptation. Only through such a
non-Eurocentric perspective can people fully explain both the origins of European global power
and the historical roots of the unequal world.
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