
The Middle Ages 

The scientific and technological heritage of the Egyptian, Greek, Roman, and Mesopotamian civilizations of antiquity was 

in part preserved and continued by the Byzantine and Arabic scholars. Arabic here includes Arab and other scholars of the 

Near and Middle East, Northern Africa, and Moslem Spain, where Arabic was the scientific language. From its beginnings, 

Islam encouraged the study of the sky and the earth to find proofs of one's faith (Arnaldez and Massignon, 1963, p. 385). 

“Arabian schools were organized on the pattern of the Greek, publishing commentaries, encyclopaedias, dictionaries and 

scientific manuals. The scholars versed in more than one science if not in all, . . . were the rule rather than the exception” 

(p. 386). The best known of these encyclopedic minds were the Persian physician and philosopher Avicenna (980–1037 

A.D.) and al-Biruni (973–1048 A.D., probably born in Uzbekistan). The Moslem scholars elaborated algebra and passed on 

Hindu-Arabic numerals from India (p. 407). Like the Romans, the Arabs absorbed the technological knowledge of the 

peoples they conquered and disseminated this knowledge over their empires, innovating, but not generating a technological 

revolution of their own. 

In Europe proper, the period from the end of classical times following the collapse of Rome to beginning of the eleventh 

century is commonly referred to as the Early Middle Ages or the Dark Ages. The term Dark Ages suggests a darkening 

relative to Greek and Roman antiquity and in many ways is misleading. The so-called barbaric invaders had already achieved 

an iron-age culture and had access to the technology of the Roman Empire. The principal regression relative to Greece and 

Rome was the collapse of an elaborate city-state culture. With the collapse of Greece and Rome, literacy in Europe outside 

of Byzantium retreated significantly. 

The principal developments in technology during the early Middle Ages, between the collapse of Rome and the eleventh 

century, appear to have been the introduction of the heavy iron plow in northern and western Europe; the horse harness, 

which allowed the replacement of oxen by horses for plowing; and triennial crop rotation and fertilization with marl. 

These innovations caused a rapid increase in population and an agricultural surplus that permitted the growth of towns 

(Hilton and Sawyer, 1963; White, 1962; Anderson, 1974, pp. 182–83). 

White put a technological determinist explanation for the specific direction of the development of feudalism in Europe forth 

in his influential Medieval Technology and Social Change (1962). White asserts that the introduction of the foot-stirrup in 

the Frankish kingdom of the eighth century immediately changed the nature of warfare. A mounted knight could deliver a 

strong blow with a lance, and cavalry replaced foot soldiers as the main fighting force. Since “mounted warriors could only 

be maintained in large numbers by landed endowment, . . . [the] estates of the Church were . . . seized and handed over to 

an enlarged body of followers on condition that they serve him on horseback. . . . Protofeudal and seignorial elements had, 

of course, saturated the very fluid Celtic, Germanic, late Roman, and Merovingian societies; but the need for cavalry . . . 

precipitated and crystallized these anticipations to form medieval feudalism” (pp. 4–5). 

Hilton and Sawyer (1963) criticize White's technological determinism as being methodologically at fault, the conclusions 

based on it not standing up to the historical evidence. They show that the stirrup was not a new arrival in Europe, but reached 

Europe well before the eighth century and that a complete change in Frankish weapons did not take place at that time—

despite the stirrup, mounted shock troops did not become the rule in the eighth century. 

Cultural, economic, and environmental factors all interact with technology to affect the rate of historical change. The African 

Mbuti, for example, satisfied with their traditional hunting methods, rejected the use of guns for hunting despite clear 

advantages over nets and spears, while the differing circumstances of the Eskimos led them to accept guns. 

Beginnings of the Technological Revolution in Feudal Europe 

Toward the end of the ninth century signs appeared that a new period of technological development was about to begin in 

Europe. The political disarray of constant invasions, marauding, and remapping of boundaries gave way to greater stability 

as central governments established authority. In 789, Charlemagne issued edicts to establish schools for the largely illiterate 

clergy. A ninth century mini-Renaissance produced educational advances, including adoption of a legible script and 

restoration of a good Latin, but with little or no scientific content (Beaujouan, 1963, p. 471). 



Increasing artisan and merchant activity fueled rapid expansion of urban commercial centers in the tenth to thirteenth 

centuries. The growing use of metals—silver, gold, copper, lead, tin, and iron and steel—put mining, metallurgy, and 

metalworking in the center of industrial activity and trade. Grain mills powered by waterwheels had already appeared 

throughout Europe, not all concentrated in the towns. They became a traditional source of revenue for the lords, who required 

that the peasants take their grain to be ground at the lord's mill. The Domesday Book, an English economic census completed 

in 1086, reported 5624 watermills in 3000 communities south of the Trent and Severn (cited by Forbes, 1956, p. 611). 

Water-powered cloth-fulling and grain mills and forges (many in monasteries) began in the mountainous regions of southern 

and central Europe, later spreading into France and northern Europe. By the fourteenth century, the water-powered hammers, 

stamps, and bellows were fairly general in the entire Alpine region. “Such machines,” writes Forbes, “entailed heavier 

capital expenditure than formerly, and the rise of western capitalism was largely tied up with the development of mining 

and metallurgy.” The feudal lords promoted the rise of industrial-commercial towns (pp. 62–69). Manufacturing was at the 

heart of the urban economy, and initially a symbiotic relationship existed between the social environment of urban industry 

and trade and the feudal agrarian economy. Although more or less self-governing, the towns were still under the aegis of 

the feudal lords, who cornered markets or scooped off profits from long-distance trade and obtained their domestic or 

imported luxury goods from the towns. Production was regulated by the artisan guilds, which emerged in the tenth century. 

The first great mathematician of the thirteenth century, and perhaps the most outstanding in the Middle Ages, Leonardo 

Fibonacci (1170–1250, also known as Leonardo Pisano or Leonardo of Pisa), came from the rising commercial social 

stratum (Smith, 1923, pp. 214–18). Italian merchants acquired computational methods from their North African counterparts.  

Double-entry bookkeeping first appeared in 1340 in Genoa (Beaujouan, 1963, p. 516). In parallel with the commercial 

interest in practical mathematics, the growing application of a variety of mechanical devices to manufacturing contributed 

to an interest in the representation of spatial relationships. The contributions of Leonardo da Vinci in this connection are 

well known. 

A close relationship thereby developed between the artists and the artisans. This bond among those engaged in the arts and 

crafts continued to spread through Western Europe in the fifteenth and sixteenth centuries. Consisting of artist-engineers, 

painters, sculptors, and architects, builders of locks and canals, fortifications, and toolmakers, this group of practitioners, 

who themselves did not study questions of a scientific character, stimulated others to do so. A related group included the 

instrument-makers (who supplied navigators, geodesists, astronomers, and musicians with the instruments they needed), the 

clock-makers, the cartographers, and the military technicians. “Empirical knowledge did not have to be sought deliberately, 

but arose naturally from the pursuit of technical trades; the waiting was only for theoretical reflection, which, however, was 

helped by the fact that there is no single department of physics which calls more urgently for mathematical treatment and 

lends itself more naturally to it than mechanics. The first essential element of classical physics, the mathematical approach, 

thus came into its own as spontaneously as the second, the empirical foundation” (Dijksterhuis, 1969, p. 243). 

The center of scholarship initially rested in the monasteries, later moving into the universities, themselves Church 

institutions. Interest in mathematics developed among Church scholars because the Church calculated the date of Easter by 

combining the lunar cycle with the  solar year on the basis of the Ptolemaic geocentric model of the heavens. In the tenth 

century, the French monk Gerbert of Aurillac (who later became Pope Sylvester II) brought Hindu-Arabic numerals to 

Christian Europe from Spain. Gerbert also greatly simplified the methods for arithmetic computations. Within the Church, 

however, conflicts arose between the traditions of classical scholarship and the new approaches needed for the burgeoning 

crafts and trade. 

The English monk Roger Bacon (1214?–1294) was among the first Europeans to recognize the need for empirical 

verification of theoretical knowledge: “Reasoning does not make a conclusion certain, unless the mind discover it by the 

method of experiment.” He also recognized the need to deal with nature quantitatively: “Nature cannot be known without 

mathematics” (Beaujouan, 1963, p. 492). 

Francis Bacon (1561–1626) may be considered the first to have seen a direct dependence of science on technology. He 

called for scholars to place technology on a scientific foundation by familiarizing themselves with empirical knowledge 

accumulated in the crafts (Dijksterjuis, 1969, p. 401). The encyclopedia Bacon proposed was accomplished by Diderot and 

d'Alembert. By including descriptions of all tools and the methods of their fabrication and utilization, it conferred the status 

of knowledge and social dignity to that which up to that time was a matter of utility, of spontaneous empiricism (Fontenay, 

1982).  
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