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Muslims were the world’s leading scientists in the Middle 
Ages, also known as the post-classical period. First they 
translated Persian, Greek, and other ancient science texts 
into Arabic. Later, these texts and the innovative works of 
Islamic scientists were translated into Latin for use by 
European scientists.

After the Prophet Muhammad died in 632, there 
was a conflict over who should succeed him. This 
came to a head in 661 when Muhammad’s cousin, Ali, 
who had claimed the role as the Prophet’s successor, 
was killed by his rivals. 

After Ali’s death, a Muslim family, the Umayyads, 
took control of Islamic lands that had been conquered in 
the name of Allah. This empire included Persia, Byzan-
tium, Syria, Egypt, North Africa, and parts of Central Asia 
and India. The Umayyads added what they called An-
dalusia (most of today’s Spain and Portugal). 

The Umayyad family dynasty ruled the Islamic em-
pire from their capital at Damascus, Syria, from 661 to 
750. They needed knowledge and experts in such areas
as engineering, accounting, and irrigation. Persians and
others from the empire skilled in such subjects soon be-
came valuable advisors of the caliph. The caliph was the
Umayyad political and religious leader of the empire,
known as the caliphate.

Some of the Persians brought with them manuscripts 
in their language, which had been translated from an-
cient Greek writers like the mathematician Euclid. 
Around 700, the Umayyads began a small-scale language 
translation project from Persian to Arabic.

In the mid-700s, the rival Abbasid family challenged 
the Umayyads for control of the caliphate. After defeating 
the Umayyads in battle, the Abbasids slaughtered most of 
the ruling family members at a peacemaking banquet. 
The Abbasids moved the capital of the caliphate to Bagh-
dad, Iraq, where they ruled from 762 to 1258.

The Abbasid Translation Movement
The Abbasid caliphs expanded the translations of 

manuscripts into Arabic from not only Persian and

Greek but also from Egyptian, Hebrew, Babylonian, In-
dian Sanskrit, and other languages. The emphasis was
on subjects that served both practical and religious
needs. Mathematics and astronomy were of special in-
terest to Muslims because they needed to know how to
determine the exact times to pray each day and the di-
rection of their holy city of Mecca. Other science sub-
jects were soon added to the translation movement. 

In 813, Abu Jafar Abdullah al-Mamun became the
Abbasid caliph in Baghdad. (In Arabic, “Abu” means
father of; “al” before a man’s name usually referred to
his birthplace or region of origin.) Al-Mamun intensi-
fied the search for ancient manuscripts, but he also
changed the emphasis from only translating texts to
also creating new knowledge.

Al-Mamun founded a center for learning that was
later called his House of Wisdom. In this place in Bagh-
dad newly discovered manuscripts were translated into
Arabic. The largest collection of paper books in the world
was assembled in a library. But most importantly, some
of the most famous Islamic scientists came here to study,
debate, and write books that challenged the thinking of
the classical Greeks and other ancient authors.

Al-Mamun also built the first Islamic observatory, with-
out a telescope of course because it had yet to be invented.
The astronomers in Baghdad had other tools like a hand-
held astrolabe, sundials, and giant masonry sextants that
measured the movements of the heavenly bodies.  

Al-Mamun wanted astronomers to test the conclu-
sions of Ptolemy, the Greek authority on heavenly bod-
ies. By this time, astronomers knew the earth was a
sphere (and not flat) but also fully accepted Ptolemy’s
geocentric theory that the sun, five known planets, and
stars all circled the earth. 

Meanwhile in medieval Christian Europe, science
was largely centered around alchemy, which was fo-
cused on trying to turn lead into gold, astrology, and
religious beliefs. Some ancient Greek works were

The House of Wisdom founded by Abu Jafar Abdullah al-Mamun in Baghdad in 813.  Mongol invaders destroyed it during the Siege of Baghdad in 1258.
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passed on by Byzantine Christians to European schol-
ars and monks who translated them into Latin. But
this effort lacked the scope and volume of what was
happening in the Islamic world.

The Golden Age of Islamic Science
By 833, when al-Mamun died, his House of Wis-

dom was the leading center of Islamic learning. It not
only helped to preserve the works of ancient writers,
but also provided the foundation for the golden age of
Islamic science. 

The “superstars” of this golden age were fre-
quently polymaths, experts in several science disci-
plines. None were women because, during this era,
women were almost entirely excluded from academic
scholarship in both Islamic lands and Christian.
Mathematics 

Islamic mathematicians developed an entirely new
number system, which originated in Hindu India and
involved only ten numerals: 1-9 and 0. They could be
arranged to make any number to infinity. This made
mathematical calculations simpler than using the
commonly used Roman numeral system of letters
(e.g., using 38 instead of XXXVIII). 

By 950, Islamic mathematicians were using a dec-
imal point. We still use “Arabic numerals” today. But
complex mathematics took a huge leap when algebra
was developed. 
Ibn Musa al-Khwarizmi 
(c.790-850)

Around 825, Persian
born al-Khwarizmi
wrote a book on the In-
dian numbering system
(“ibn” means son of).
Al-Khwarizmi, who
studied at al-Mamun’s
House of Wisdom, took
the lead in introducing
this system to the Is-
lamic world.

Working from
Greek and Indian
sources, al-Khwarizmi’s
greatest achievement
was to make algebra a
separate mathematics
discipline. The Arabic word al-jebr (completion) ap-
pears in the title of his book on that subject. This was
the first algebra textbook on the principles and rules
for solving math problems. 

Al-Khwarizmi developed step-by-step rules for solv-
ing quadratic equations. Today, this is called an algo-
rithm, which is actually derived from al-Khwarizmi’s
name. Surprisingly, he used words rather than symbols
like x and y to write his equations. After al-Khwarizmi,
mathematics became the language of science.

Astronomy
The Greek astronomer Ptolemy (c.100-c.170 A. D.)

lived in Roman occupied Egypt. He wrote what later
was called the Almagest (Great Book), which brought
together all ancient Greek astronomical knowledge.
This included the geocentric theory that the earth was
the center of the universe. 

The Almagest became the basis of Islamic and Eu-
ropean astronomy in the Middle Ages. But Islamic as-
tronomers had difficulty trying to “fit” some of
Ptolemy’s reasoning with their own observations of
the heavens.
Ibn Ibrahim al-Shatir (c.1305-c.1375)

Al-Shatir was born and lived in Damascus, Syria.
He began as a timekeeper at the great mosque there.
This made him responsible for regulating the times of
prayer as determined by astronomical observations.

Al-Shatir made substantial improvements in as-
tronomical instruments such as the sundial and as-
trolabe. He invented an astrolabe clock and came up
with the idea of using hours of equal time during the
year. 

While still supporting the geocentric theory, Al-
Shatir made major revisions to Ptolemy’s description
of the movements of the sun, moon, and planets. Al-
Shatir’s solar model was in closer agreement with ac-
tual observations than those of other astronomers. His
lunar model diagram reduced the varied distances of
the moon from the earth, which was the first accurate
measuring that matched actual observations.

Al-Shatir’s models were not examined by modern
astronomers until the 1950s. They were astounded
when they discovered that his lunar model diagram
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The lunar model of al-Shatir.
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A 1983 Soviet postage stamp
depicting al-Khwarizmi.
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was nearly identical to the one used by Copernicus in
1543. Thus, al-Shatir’s astronomy around 1350
seemed to have played a significant role 200 years
later in Copernicus’s heliocentric proof that the earth
revolved around the sun. 

Medicine
Muslims in this golden age had a special interest

in medicine and health. In one of his sayings, 
the Prophet Muhammad declared, “The best gift 
from Allah to mankind is good health. Everyone
should reach that goal by preserving it for now and
the future.”

The Greek physician Galen, living at the time of
Ptolemy, was the main authority for Islamic and Eu-
ropean medicine in the Middle Ages. He taught that
four fluids or “humors” in the human body needed to
be kept in balance for good health. 

By the 1100s, trained Islamic physicians had ad-
vanced far beyond Galen. They knew how blood cir-
culated between the heart and the lungs, and that the
nerves conducted pain. They diagnosed and treated
many diseases, and invented dozens of surgical in-
struments like forceps to aid childbirth. 

Most Muslim cities had hospitals with permanent
medical staffs, many services, and often a teaching
mission. They were financed by charity, a Muslim ob-
ligation, and grants from the caliph. Hospital services
were usually free to all, including slaves. 

The services of hospitals varied depending on
their size but could include a drug dispensary, mental-
health ward, laboratory, kitchen for special diets,
baths, and a library. 

Hospitals typically had separate wards for males and
females as well as for different diseases. Physicians did
rounds to examine patients and prescribe drugs. 

By contrast, most hospitals in Europe during the
Middle Ages were established by the Roman Catholic
Church and were often managed by a priest. Diseases
were commonly believed to be punishments of God.
Ibn Zakariya al-Razi (c.854-c.925)

A Persian, al-Razi is
known as the greatest Is-
lamic physician of the
Middle Ages. He did the
first accurate study of
contagious diseases and
determined that a fever
was part of the body’s
defenses. For the first
time, he diagnosed small-
pox and measles. He was
director of the main hos-
pital in Baghdad, man-
aged a mental-health
ward, and headed the
teaching of medicine. He

pioneered experimental medicine and the treatment
of children. 

Al-Razi wrote about 60 books on medicine, includ-
ing Doubts About Galen. He wrote an encyclopedia on
Greek, Persian, Indian, and Chinese medical knowledge.
Most of his writings were translated into Latin and dom-
inated medical textbooks in Europe for centuries.
Geography

The Greek astronomer Ptolemy described and
drew a map of the known world. His Geographica was
translated into Arabic at Caliph al-Mamun’s House of
Wisdom. The caliph ordered an update of Ptolemy’s
map, which was completed in 833.
Ibn Muhammad al-Idrisi (c.1100-1166)

Al-Idrisi was the
most spectacular ge-
ographer of this pe-
riod. A native of
Morocco, he studied
at Cordoba (now a
Spanish city) and
was employed by the
Christian King Roger
II in Sicily to make a
new world atlas. In
1154, al-Idrisi com-
pleted the most accu-
rate description and
series of maps of the
world up to the time
of Columbus.

Al-Idrisi inter-
viewed experienced
travelers to gather information about Asia, Europe,
and North Africa. His atlas was in 70 sections that in-
cluded detailed descriptions in Arabic and Latin of the
physical, cultural, political, social, and economic con-
ditions of each region. 

Each of the 70 sections also had a map that when
put together made a rectangular one of the known
world that was assumed to be a sphere. King Roger
had this map engraved on a silver disc, weighing 300
pounds. Unfortunately, this version of the map has
been lost.
Scientific Method

Euclid, Ptolemy, Galen and the other ancient
Greek men of science developed their ideas and theo-
ries mostly by deductive reasoning. Start with a propo-
sition, and then use reasoning to confirm it. 

Increasingly, the Islamic scientists used inductive
reasoning to solve science problems. Start with col-
lecting data by mathematical calculations, observa-
tions, and experimentation, and then reach a
conclusion. Today we call this the scientific method. It
encountered resistance from religious beliefs in both
Islamic and Christian lands in the Middle Ages.
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Statue in Spain of al-Idrisi.
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(c) Constitutional Rights Foundation



Hassan ibn al-Haytham
(c.965-c.1040)

An Arab born in Iraq,
al-Haytham was the
greatest of the medieval
Islamic physicists. His
most original ideas were
in optics, which concerns
the science of light. 

Al-Haytham investi-
gated every known as-
pect of light and human
vision. He examined
sunlight, rainbows, the
solar eclipse, and why
the sun and moon grow in size as they approach the
horizon (optical illusion).  

Al-Haytham rejected the Greek theory that vision
occurs when rays are sent from the eye to an object.
Instead, he demonstrated by experimentation that vi-
sion happens when light coming from an object enters
into the eye through the pupils, acting as lenses.

Al-Haytham’s greatest contribution was to show how
to systematically “do science.” He varied conditions and
used controlled testing in his experiments. He developed
a mathematical approach to physics for his experiments. 

Al-Haytham wrote in his Book of Optics, “We
should distinguish the properties of particulars [data],
and gather by induction. . . .” Thus, he taught the sci-
entific method of inductive reasoning long before the
Englishman Francis Bacon wrote about it 600 years
later in his New Instrument of Science.

Islamic Science and the Renaissance
By the 1100s, Islamic science dominated the rest of

the world. 
Andalusia served as the center for a second trans-

lation movement from works in Arabic to Latin, which
then were passed on to European scientists.

By the 1500s, however, the European Renaissance was
unfolding. There was a fascination for reading original

Greek and Roman works in philosophy, literature, and sci-
ence. This stimulated new thinking and discoveries.

Soon, the giants of Renaissance science like
Leonardo da Vinci, Copernicus, and Galileo made their
marks on history. 

In the early 20th century, the discoveries of the
Renaissance scientists were generally believed to
have been a purely a European achievement. The pre-
vious work of Islamic science was often discounted
and forgotten. But in the 1950s, doubts about the in-
significance of Islamic science arose when re-
searchers found that Copernicus apparently made use
of the mathematical lunar diagram of the Islamic as-
tronomer al-Shatir. This helped Copernicus prove his
heliocentric theory.

In 1973, another diagram by a Persian astronomer,
Nasr al-Din al-Tusi (1201-1274), was found. It also
proved to be nearly the same as one Copernicus used
in his 1543 book on the heliocentric universe (he
thought the stars circled around the sun too).  

The history of science shows that discoveries are al-
most always the result of building on the work of earlier
scientists. The work of Copernicus seemed to fit this pat-
tern. There can be little doubt that the works of Islamic
scientists in the post-classical period are embedded
throughout modern science today.

WRITING & DISCUSSION
1. Why do you think Islamic science led the world in 

the Middle Ages?
2. Traditionally, historians thought that Islamic sci-

ence was mainly the result of translating ancient 
texts into Arabic. Today, most historians think Is-
lamic science was much more creative. Use at least 
three pieces of evidence in the article to describe the 
creativity of Islamic scientists.

3. Make a list of five important ideas or achievements of 
Islamic science in the Middle Ages that are part of 
modern science today. Which one do you think is the 
most important? Why?

Five of Islamic science’s pioneers discussed in the article are listed below. 
1. Meeting in small groups, each student should first list the scientists in rank order, 1-5, according to how im-

portant their contributions were to the advancement of science.
2. The groups should then share their rankings, discuss them, and try to agree which scientist should be ranked

number one.
3. The groups will finally report their top-ranked scientist and the reasons for choosing him.

Islamic Science Pioneers
Ibn Musa al-Khwarizmi (c.790-850) Ibn Ibrahim al-Shatir (c.1305-c.1375)
Ibn Zakariya al-Razi (c.854-c.925) Ibn Muhammad al-Idrisi (c.1100-1166)
Hassan ibn al-Haytham (c.965-1039)_____________________________________________________________________________________________________

On page 13 is a supplemental activity by Jennifer Jolley, a National Board Certified Teacher and James Madi-
son Fellow (FL’10) who teaches AP U.S. government and politics, U.S. government, and world history at Palm
Bay Magnet High School, a STEAM school, in Melbourne, Florida. She is also a teacher-leader in Constitutional

Rights Foundation’s Teacher-to-Teacher Collab: www.crf-usa.org/t2tcollab.

ACTIVITY:  Islamic Science Pioneers
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A 1647 portrait of al-Haytham.
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Compelling question for this activity: To what extent are Islamic Golden Age STEM innovations and
inventions significant today?

1. Before your class enters, make signs with the names of these five
Islamic Golden Age people of science and their main achievements
and post them in different places (“corners”) in the room: Ibn Musa
al-Khwarizmi (mathematics), Ibn Ibrahim al-Shatir (astronomy),
Ibn Zakariya al-Razi (medicine), Ibn Muhammad al-Idrisi (geogra-
phy), Hassan ibn al-Haytham (scientific method). (24” x 36” sheets
or larger work best. See Step 9 below.)

2. Begin the Philosophical Chairs activity by instructing students to
move to the area of the room where their top favorite
person/achievement is displayed.

3. With their peers, they should decide the most important pieces of
evidence to use to convince others to move to their “corner” of
the room.

4. Taking turns, starting with al-Khwarizmi and ending with al-
Haytham, one spokesperson for each group should present a per-
suasive argument for why their chosen person/achievement is the
most significant from the Islamic Golden Age.

5. As each spokesperson speaks, all others should listen. I any student
is persuaded to move to another group, they should quietly do so.
Once all five spokespeople have been heard, this first round has
ended. Each group now chooses a new spokesperson.

6. Repeat for three more rounds. Each time, a new spokesperson
speaks for each group. If any group does not have enough people
from whom to choose a new spokesperson, someone from that
group will have to speak again.

7. At the end of the fourth round, see which Islamic person/achieve-
ment has the most supporters by tallying up the number of stu-
dents in each group.

8. Leave the five signs on the walls and give students a few minutes
to post reflection questions on sticky notes at the various signs.
Leave questions on walls for other students to read.

9. Optional: Modify the Philosophical Chairs activity into a civil conversation using the guidelines,
“Conducting a Civil Conversation in the Classroom,” found on T2T Collab Curriculum library
(www.crf-usa.org/t2t/curriculum-library). This form provides step-by-step guidelines for stu-
dent expectations during a discussion.

Evaluation: Students should answer the compelling question above by composing a Tweet of 280
characters. Post student responses around the room.
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Standards Addressed
Journalism Under Siege
California History-Social Science Standard 12.10 Students formulate
questions about and defend their analyses of tensions within our con-
stitutional democracy and the importance of maintaining a balance be-
tween the following concepts: majority rule and individual rights; liberty
and equality; state and national authority in a federal system; civil dis-
obedience and the rule of law; freedom of the press and the right to a
fair trial; the relationship of religion and government. 

National Civics Standard 3: Understands the sources, purposes, and
functions of law, and the importance of the rule of law for the pro-
tection of individual rights and the common good. Middle School
Benchmark 2: Understands how and why the rule of law can be
used to restrict the actions of private citizens and government
officials. High School Benchmark 2: Knows alternative ideas about
the purposes and functions of law (e.g., regulating relationships
among people and between people and their government; pro-
viding order, predictability, security, and established procedures
for the management of conflict; regulating social and economic
relationships in civil society).

National Civics Standard 21: Understands the formation and imple-
mentation of public policy. Middle School Benchmark 3: Understands
why conflicts about values, principles, and interests may make
agreement difficult or impossible on certain issues of public pol-
icy (e.g., affirmative action, gun control, environmental protec-
tion, capital punishment, equal rights). High School Benchmark
3: Knows the points at which citizens can monitor or influence
the process of public policy formation.

National Civics Standard 22: Understands how the world is organized
politically into nation-states, how nation-states interact with one an-
other, and issues surrounding U.S. foreign policy. High School Bench-
mark 8: Understands the influence of American constitutional
values and principles on American foreign policy (e.g., a com-
mitment to the self-determination of nations), and understands
the tensions that might arise among American values, principles,
and interests as the nation deals with the practical requirements
of international politics (e.g., a commitment to human rights and
the requirements of national security).

Common Core State Standards: SL.6-8/11-12.1, SL.6-8/11-12.3,
RH.6-8/11-12.1, RH.6-8/11-12.2, RH.6-8/11-12.3, RH.6-8/11-12.4,
RH.6-8/11-12.10, WHST.6-8/11-12.1, WHST.6-8/11-12.2, WHST.6-
8/11-12.9, WHST.6-8/11-12.10.

The Fugitive Slave Law of 1850
California History-Social Science Standard 8.9 Students analyze the
early and steady attempts to abolish slavery and to realize the ideals
of the Declaration of Independence. (4) Discuss the importance on
the slavery issue of the annexation of Texas and California’s ad-
mission to the union as a free state under the Compromise of
1850. (5) Analyze the significance of the States’ Rights Doctrine,
the Missouri Compromise (1820), the Wilmot Proviso (1846), the
Compromise of 1850, Henry Clay’s role in the Missouri Compro-
mise and the Compromise of 1850, the Kansas-Nebraska Act
(1854), the Dred Scott v. Sandford decision (1857), and the Lin-
coln-Douglas debates (1858).

National United States History Standard 10: Understands how the in-
dustrial revolution, increasing immigration, the rapid expansion of
slavery, and the westward movement changed American lives and led
to regional tensions. Middle School Benchmark 5: Understands dif-
ferent economic, cultural, and social characteristics of slavery
after 1800 (e.g., the influence of the Haitian Revolution and the
ending of the Atlantic slave trade, how slaves forged their own
culture in the face of oppression, the role of the plantation sys-
tem in shaping slaveholders and the enslaved, the experiences of
escaped slaves).

National United States History Standard 13: Understands the causes

of the Civil War. High School Benchmark 2: Understands events that
fueled the political and sectional conflicts over slavery and ulti-
mately polarized the North and the South (e.g., the Missouri
Compromise, the Wilmot Proviso, the Kansas-Nebraska Act).

Common Core State Standards: SL.6-8/11-12.1, SL.6-8/11-12.3,
RH.6-8/11-12.1, RH.6-8/11-12.2, RH.6-8/11-12.3, RH.6-8/11-12.4,
RH.6-8/11-12.10, WHST.6-8/11-12.1, WHST.6-8/11-12.2, WHST.6-
8/11-12.9, WHST.6-8/11-12.10.

Islamic Science in the Middle Ages
California History-Social Science Standard 7.2 Students analyze the
geographic, political, economic, religious, and social structures of civ-
ilizations of Islam in the Middle Ages. (6) Understand the intellec-
tual exchanges among Muslim scholars of Eurasia and Africa and
the contributions Muslim scholars made to later civilizations in
the areas of science, geography, mathematics, philosophy, med-
icine, art, and literature.

National World History Standard 13: Understands the causes and con-
sequences of the development of Islamic civilization between the 7th
and 10th centuries. Middle School Benchmark 3: Understands sig-
nificant aspects of Abbasid culture (e.g., sources of Abbasid
wealth and the economic and political importance of various
forms of slavery; why the Abbasid state became a center of Afro-
Eurasian commercial exchange; how the Abbasids promoted and
preserved Greek learning and contributed to science, mathemat-
ics, and medicine; the contributions of specific individuals to the
Abbasid advancement of scientific knowledge). 

Common Core State Standards: SL.6-8.1, SL.6-8.3, RH.6-8.1, RH.6-
8.2, RH.6-8.3, RH.6-8.4, RH.6-8.10, WHST.6-8.1, WHST.6-8.2,
WHST.6-8.9, WHST.6-8.10.

Standards reprinted with permission:

National Standards © 2000 McREL, Mid-continent Research for Educa-
tion and Learning, 2550 S. Parker Road, Ste. 500, Aurora, CO 80014,
(303)337.0990.

California Standards copyrighted by the California Dept. of Education,
P.O. Box 271, Sacramento, CA 95812.
Common Core State Standards used under public license. © Copyright
2010. National Governors Association Center for Best Practices and Coun-
cil of Chief State School Officers. All rights reserved.
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