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ABSTRACT 

This article sightsees the profound relationship between Islamic worship (ibādah) and the 
emergence of scientific inquiry in the Muslim world, particularly during the Islamic Golden 
Age. It argues that foundational elements of modern science; astronomy, mathematics, 
geography, and medicine were not developed in isolation but were significantly driven by the 
desire of Muslims to fulfill their religious obligations with excellence. As Islam expanded 
rapidly beyond the Arabian Peninsula from Andalusia to Central Asia, the sacred duties of 
worship such as prayer (ṣalāh), fasting (ṣawm), and pilgrimage (ḥajj) faced practical 
challenges due to geographical diversity. By examining historical examples such as the need 
to determine prayer times, locating the qiblah, distribute inheritance fairly, and ensure health 
during pilgrimage, this article demonstrates that the pursuit of ibādah played a central role in 
shaping the scientific legacy of Islamic civilization and today’s modern science. 

Keywords:  Islamic Scientific Legacy; Ibadah-Centric Innovation; Islamic Science; Quranic 
Epistemology 

 
 
 
1.0 INTRODUCTION 
The growing disconnection between spiritual objectives and scientific inquiry has posed a 
significant challenge to contemporary discourse, both in the Islamic world and beyond. While 
science is often viewed as a secular domain governed solely by empirical methods, this 
separation fails to reflect the holistic Islamic worldview that once harmonized ibadah 
(devotional acts) with the pursuit of knowledge. The early Muslim scholars did not perceive 
scientific exploration as separate from religious obligation, but rather as an extension of their 
devotion to God. In particular, the practical need to determine the qibla direction and prayer 
times for a rapidly expanding Muslim world compelled early scientists to explore astronomy, 
geography, and mathematics not merely as technical subjects, but as instruments to perfect 
ibadah. The Qur'an actively encourages this pursuit by pointing to the signs in the cosmos and 
the self: “And on the earth are signs for those with certainty, and in yourselves; do you not 
see?” (Qur’an 51:20–21), and “Have they not travelled through the land and observed how 
creation began?” (Qur’an 29:20). 
 
Throughout Islamic history, this integrative vision gave rise to what scholars now identify as 
the Islamic Golden Age, a period marked by scientific brilliance and religious depth. Numerous 
studies have documented the impressive contributions of Muslim polymaths such as al-Biruni, 
Ibn al-Haytham, and al-Khwarizmi, who approached scientific problems through the lens of 
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divine order and ethical responsibility. Scholars like Osman Bakar [1] and M. Kamal Hassan 
[2] have highlighted how these figures understood knowledge as a trust (amanah) from God, 
to be used in service of human well-being and spiritual growth. Despite these achievements, 
contemporary academic inquiry into Islamic science often reduces it to historical nostalgia, 
lacking a conceptual framework that re-embeds science within its Qur'anic and theological 
foundations. 
 
What has been underexplored, however, is the idea that ibadah itself; not just practical 
necessity or cultural context, was a primary catalyst for scientific innovation. This perspective 
reframes Muslim scientific achievements not merely as responses to intellectual curiosity, but 
as sincere efforts to fulfill divine obligations more precisely and universally. For instance, the 
challenge of determining qibla and prayer times in lands far from Makkah pushed Muslim 
scholars to develop highly accurate instruments, mathematical tables, and even cosmological 
models. These developments emerged not from a secular quest for knowledge, but from the 
desire to obey God's commands with excellence (iḥsān), thus embodying the Qur'anic directive 
to reflect deeply on the natural world. 
 
This paper proposes that the missing link in contemporary discourses on science and religion, 
particularly within Islamic contexts is the recognition of ibadah as a dynamic epistemic driver 
of scientific inquiry. Rather than treating science and worship as separate domains, we argue 
that the pursuit of scientific knowledge was historically and can be again a profound form of 
devotion when guided by the Qur’anic worldview. By revisiting Qur'anic cosmological verses 
and analyzing the contributions of Muslim scholars through this lens, we aim to demonstrate 
how scientific advancement flourished when rooted in the desire to perfect ibadah. The 
objective of this research is to re-establish an Islamic epistemological framework that inspires 
a new generation of Muslim scientists to engage the world not only with rational inquiry but 
with spiritual intention and metaphysical purpose. 
 
2.0 METHODOLOGY 
This study adopts a qualitative conceptual research design, integrating textual analysis and 
historiographical methods grounded in Islamic epistemology. The research is structured to 
analyze Qur'anic injunctions related to inquiry and their influence on the development of 
scientific practice among early Muslim scholars. It further investigates the nexus between the 
perfection of ibadah and the emergence of scientific innovations across Muslim civilization.  
 
The study subject centers on classical Islamic texts, including the Qur'an and Hadith, as well 
as primary historical works authored by Muslim polymaths such as al-Biruni, Ibn al-Haytham, 
and others. This is supplemented by modern scholarly writings on Islamic science and 
philosophy. 
 
The intervention in this research lies in offering a revised interpretive framework: instead of 
viewing Islamic scientific achievements as isolated events, this study re-frames them as 
purposeful outcomes driven by the theological imperative to perfect acts of worship. 
 
The order of this methodological framework aligns with the subsequent results and discussion, 
which unpack the intellectual and devotional motivations behind Muslim scientific progress and 
examine how Qur’anic imperatives inspired systemic problem-solving in fields such as 
astronomy, geography, and mathematics. 
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3.0 RESULTS AND DISCUSSION 
The Qur’an emphasizes reflection upon the natural world, stating, "Indeed, in the creation of 
the heavens and the earth and the alternation of the night and day are signs for those of 
understanding" (Qur’an 3:190). This verse and others like it encouraged a mode of piety in 
early Muslim civilization that regarded the study of nature as a religious act. The term ilm 
(knowledge) itself was deeply intertwined with both revelation and observation, with no strict 
division between the sacred and the secular [3]. In this spirit, the early Muslims cultivated 
scientific disciplines not merely for curiosity or utility, but to fulfill and perfect their worship 
(ibādah). The act of worship was thus a driver of intellectual curiosity, methodological 
innovation, and empirical investigation. Numerous verses command believers to observe, 
reflect, and ponder upon the cosmos as signs (āyāt) of God's majesty [4].  
 
The Qur'an is not merely a scripture of ritual and law; it is a dynamic text that repeatedly calls 
upon the believer to reflect deeply upon the cosmos, the self, and the origins of creation. This 
divine encouragement to ponder is intimately tied to the perfection of ibadah (worship), for 
understanding the creation is seen as a pathway to better comprehend and serve the Creator. 
In Surah al-Dhāriyāt, Allah declares: "And on the earth are signs for those with certainty, and 
in yourselves; do you not see?" (wa fī al-arḍi āyātun lil-mūqinīn, wa fī anfusikum afalā tubṣirūn 
– 51:20–21). Likewise, in Surah al-‘Ankabūt: “Have they not traveled through the earth and 
observed how He began creation?” (awalam yasīrū fī al-arḍi fa-yanẓurū kayfa bada'a al-khalq 
– 29:20), illustrate the cosmological curiosity embedded within the Islamic worldview. These 
exhortations cultivated a culture of inquiry among Muslim scholars, where scientific 
observation was not separate from religious devotion, but rather a necessary step in perfecting 
ibadah [1]. 
 
These verses, and many like them, did not remain passive spiritual slogans. They actively 
inspired generations of Muslim scholars to investigate the world as an act of devotion. The 
pursuit of knowledge became an extension of worship, for through it, the believer could perfect 
his ibadah with awareness, precision, and humility [5]. 
 
3.1 Muslim Expansion 
As Islam expanded rapidly beyond the Arabian Peninsula, that being from Andalusia to Central 
Asia, the sacred duties of worship such as prayer (ṣalāh), fasting (ṣawm), and pilgrimage (ḥajj) 
faced practical challenges due to geographical diversity. The Kaabah, once central and near 
to the earliest Muslim community, became increasingly distant. To accurately determine the 
qibla from distant lands and observe precise prayer times, Muslims were compelled to 
innovate. Thus, astronomy, geography, trigonometry, and timekeeping flourished, not for 
secular pursuit, but to fulfill the command of worship correctly and universally. Scientific inquiry, 
therefore, became an instrument to uphold religious obligations, guided by the Qur’anic 
epistemological framework and driven by the aspiration to perfect one's ibadah in every corner 
of the expanding Islamic world [6]. 
 
This theological imperative became especially urgent as Islam spread rapidly across vast 
territories. With the Kaabah no longer within the horizon of the average Muslim community, 
determining the qibla accurately required more than tradition, it demanded innovation. 
Likewise, the daily prayer times, anchored in the motion of the sun, required precise 
astronomical knowledge, especially in lands with seasonal extremes. To uphold the sanctity of 
these acts of worship in far-flung regions, Muslims turned to disciplines such as astronomy, 
geography, trigonometry, and cartography. Scientific inquiry was not separate from religion; it 
was nurtured by it [2]. It was the framework of the Qur'an that informed this integrated vision, 
and the perfection of ibadah became its driving force. 
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3.2 Timekeeping and the Advancement of Astronomy and Physics 
One of the most striking examples of how Islamic worship catalyzed scientific innovation lies 
in the daily ritual prayer (ṣalāh). Each of the five daily prayers is precisely timed according to 
the position of the sun. For instance, fajr begins at dawn, ẓuhr when the sun passes its zenith, 
ʿaṣr in the afternoon, maghrib at sunset, and ʿishā’ after twilight disappears. Accurately 
determining these times across the vast and geographically diverse Islamic world necessitated 
the development of precise astronomical calculations and instruments. 
 
As early as the 8th and 9th centuries, Muslim astronomers were tasked with producing 
astronomical tables (zijes) specifically designed to assist muwaqqitīn, the official mosque 
timekeepers responsible for announcing prayer times. Scholars such as Al-Khwarizmi (d. 850 
CE) developed early tables that included solar and lunar data, used in major mosques like the 
one in Baghdad. His astronomical works were later translated into Latin and influenced 
European timekeeping [7]. Later, Al-Battani (d. 929 CE) refined Ptolemaic models and 
calculated the length of the solar year to within a few minutes of modern values. His Kitab al-
Zij became an authoritative text used for centuries in both the Islamic world and Europe [8]. Al-
Battani’s aim was not abstract knowledge alone, but practical solutions to fulfill acts of worship 
punctually and accurately. 
 
To make astronomical knowledge accessible to mosque personnel, instruments such as the 
astrolabe were widely used. These devices could determine solar altitude and hence prayer 
times based on local latitude. Al-Farghani (d. 9th century) wrote simplified manuals on 
astronomy tailored for religious applications, and his data was later used in the design of 
sundials and astronomical clocks [9]. Most notably, Al-Jazari (d. 1206 CE), an engineer and 
polymath, constructed some of the earliest mechanical clocks in the Islamic world. In his Kitab 
fi Ma‘rifat al-Hiyal al-Handasiyya, he described timekeeping devices that not only told the time 
but were explicitly designed to announce the five daily prayers, with automata figures striking 
drums or gongs at prayer intervals [10]. These clocks used complex hydraulic systems and 
mechanical gearings centuries ahead of similar European designs. 
 
In the domain of optics and observational physics, Ibn al-Haytham (Alhazen, d. 1040 CE) made 
foundational contributions in his Kitab al-Manazir, where he described the camera obscura and 
studied the properties of light. His purpose was partly to enhance the accuracy of sight-based 
astronomical observations, especially for solar movements relevant to prayer schedules [11]. 
His work laid the groundwork for empirical observation and the scientific method, long before 
the European Enlightenment. 
 
All these efforts were underpinned by a sacred motivation: to perfect the `ibādah of prayer by 
ensuring its correct timing, in accordance with divine instruction. Thus, the obligation to know 
when to pray generated one of the most dynamic traditions of scientific inquiry and 
technological invention in pre-modern history. 
 
3.3 Geography, Trigonometry, and the Qiblah 
The Islamic obligation to perform prayer (ṣalāh) while facing the Kaabah in Makkah (qiblah) 
created a continuous and universal religious need across the Muslim world: determining the 
correct direction to face from diverse and distant locations. Unlike other ritual practices fixed 
to one location or region, the requirement to locate the qiblah extended to the entire ummah 
which was spread across Asia, Africa, and Europe, thus catalyzing a profound scientific 
engagement with geography, astronomy, and mathematics. 
 
To fulfill this obligation, Muslim scholars embarked on efforts to geometrically and 
mathematically model the Earth. In the early 9th century, Caliph al-Ma’mun sponsored 
geodetic surveys to estimate the circumference of the Earth, a project conducted near Palmyra 
(modern Syria) by astronomers such as Al-Farghani and the Banū Mūsā brothers. Their 
measurements were necessary to determine coordinates and great-circle distances between 
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cities and Makkah [8]. One of the most significant contributors to the science of qiblah 
calculation was Al-Biruni (d. 1048 CE), whose work Tahdid Nihayat al-Amakin (Determination 
of the Coordinates of Cities) included systematic latitude and longitude measurements for over 
500 localities. He applied spherical trigonometry which was then newly systematized, to 
compute the great-circle bearing from any point on Earth to Makkah, an innovation foundational 
for both religious practice and global navigation [6]. Al-Biruni also used observational methods 
such as measuring the elevation angle of the sun and stars, which required advanced 
understanding of the celestial sphere. Al-Biruni's qiblah determinations, based on orthodromic 
geometry, corrected earlier methods which had naively treated the Earth as flat. His 
mathematical rigor resulted in qiblah angles that remain accurate even by modern geodetic 
standards. His pioneering application of spherical trigonometry marked a turning point in the 
mathematical sciences, creating a direct lineage to later European navigational and 
astronomical methods. Earlier, Al-Khwarizmi (d. 850 CE) had composed a geographic treatise 
based on Ptolemy’s coordinates, entitled Kitab Surat al-Ard (The Image of the Earth), in which 
he updated world maps to center on Makkah, reflecting the shift from Hellenistic to Islamic 
sacred geography [7]. His tables also became indispensable for computing the qiblah direction 
from different parts of the Islamic empire. 
 
Instruments were likewise developed to support these efforts. The astrolabe, already known in 
the Hellenistic world, was further refined by Muslim scholars. Specialized versions known as 
qiblah indicators or safīḥah were used in mosques and homes alike. The instrument allowed a 
user to determine the direction of Makkah based on their geographic latitude and solar or stellar 
observations [9]. Some instruments even bore engraved tables of major Islamic cities with their 
pre-computed qiblah angles. It is also significant that muwaqqitīn, the timekeepers appointed 
at mosques, were trained not only in timekeeping but in qiblah determination, a dual task which 
reflected the integration of mathematical astronomy into practical religious life. 
 
The underlying motive behind all these developments was not commercial or imperial, but 
deeply religious. The desire of Muslims to pray in the correct direction, as a form of obedience 
to divine command, became the catalyst for advancements in mathematical geography, 
astronomy, and instrumentation which were fields that would later enable global navigation 
and map-making in Renaissance Europe. 
 
3.4 Upholding the Divine Justice: Algebra and the Inheritance Laws 
(Mawārith) 
 

Islamic inheritance law (ʿilm al-farā’iḍ) is one of the most detailed and mathematically 
sophisticated components of the Shariah. It is grounded in specific Qur'anic verses that assign 
fractional shares of a deceased person’s estate to a variety of heirs, such as spouses, children, 
parents, and siblings, based on conditions and permutations of surviving relatives. This legal 
complexity made it practically impossible to apply fara’id without the assistance of formal 
mathematical procedures. As a result, the obligation to ensure fair distribution according to 
divine command became one of the principal motivations behind the birth of algebra (al-jabr). 
 
The foundational text of algebra in world history, Kitāb al-Mukhtaṣar fī Ḥisāb al-Jabr wa al-
Muqābalah (“The Compendious Book on Calculation by Completion and Balancing”), was 
written by Muḥammad ibn Mūsā al-Khwārizmī around 820 CE. In the introduction to this work, 
Al-Khwārizmī explicitly states that one of the purposes of the book is to aid Muslims in religious 
matters such as inheritance (mawārith), zakat calculations, and division of properties [12]. His 
algebraic techniques were motivated not by abstract theory, but by the practical religious 
necessity of resolving complex inheritance distributions while ensuring justice (ʿadl), a cardinal 
value in Islam. For example, a typical fara’id case might involve calculating shares such as 1/8 
for the spouse, 2/3 for daughters, and dividing the residue among brothers. These types of 
problems frequently result in non-whole numbers and require operations like reduction to 
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common denominators and resolution of fractional remainders, challenges that the existing 
arithmetic systems of the time could not adequately address. 
 
This drove Al-Khwārizmī and later scholars to formalize operations involving unknown 
variables, leading to the abstract concept of the “root” (jadhr) and the equation (muʿādalah) 
which became the core components of algebra. The necessity to solve for unknowns to fulfill 
divine law laid the foundation for what is now a universal branch of mathematics. Moreover, 
the introduction of the Hindu-Arabic numeral system, particularly the concept of zero (ṣifr), 
played a critical role in solving inheritance problems and other religious calculations. Muslim 
mathematicians adopted the Indian numeral system and translated it into Arabic, where it was 
popularized in practical works like Al-Khwārizmī’s book on arithmetic using Indian numerals 
(Kitab al-Jamʿ wa al-Tafriq bi Ḥisāb al-Hind). The place-value notation and use of zero were 
indispensable in handling complex fractions and multi-step calculations, especially in fara’id 
law [13]. 
 
Later scholars such as Al-Samawʾal (d. 1174) and Al-Karaji (d. c. 1029) further developed 
symbolic manipulation and polynomial arithmetic, with many examples still tied to real-world 
applications such as inheritance or property division under Islamic law [7]. These efforts 
gradually shifted mathematics from a concrete arithmetic of numbers to a more abstract 
discipline of algebraic structures, yet all rooted in an obligation to practice Islam correctly and 
justly. The scholars of Islamic civilization saw the application of logic and mathematics in 
inheritance not as a secular or bureaucratic exercise, but as an act of worship in fulfilling God’s 
explicit commandments in the Qur’an. Their intellectual rigor was thus a form of `ibādah, and 
the resulting mathematical breakthroughs; algebra, the decimal system, zero, which would 
eventually revolutionize both the Islamic and Western scientific traditions. 
 
3.5 Medicine and Public Health: The Hajj as the Benchmark 
The annual Hajj pilgrimage to Makkah, one of the five pillars of Islam, brings together large 
populations from diverse regions. This mass gathering created health risks long before the 
development of modern epidemiology. Early Islamic governments and scholars recognized 
that enabling pilgrims to perform the Hajj safely was a religious responsibility, and this 
catalyzed major innovations in medicine, hygiene, and public health. One historical example 
comes from the Umayyad and Abbasid periods, where rulers instituted medical caravans 
accompanying Hajj groups. These mobile clinics provided medical attention to pilgrims, 
especially during outbreaks of infectious diseases. The 10th-century historian Al-Maqdisi notes 
the establishment of facilities along Hajj routes for medical and logistical support, including 
water stations and rest stops equipped for illness and injury (Al-Maqdisi, Ahsan al-Taqasim, 
10th century). The Bimaristans (hospitals) of major cities like Baghdad, Damascus, and Cairo 
were often explicitly funded by waqf endowments with stipulations to care for travelers and 
pilgrims [14]. These institutions were not merely hospitals in the modern sense, but centers of 
medical teaching and public hygiene. The hospitals employed trained physicians, pharmacists, 
and nurses and provided care regardless of status or religion. Notably, Ibn Sina's Canon of 
Medicine (al-Qanun fi al-Tibb) became a standard reference across the Muslim world and was 
used to manage large public gatherings, including Hajj [15]. His text outlines hygiene protocols, 
dietary advice, and the treatment of infectious diseases, many of which were directly applicable 
to the crowded conditions of pilgrimage. 
 
In the Ottoman era, the concern for Hajj health logistics became more institutionalized. The 
Ottoman authorities constructed Hajj quarantine stations (known as karantina) along the Red 
Sea and Hejaz routes in the 19th century to mitigate the spread of cholera and plague [16]. 
These efforts are among the earliest examples of state-administered infectious disease control 
tied to religious practice. Even civil engineering responded to the health needs of pilgrims. 
Water reservoirs and sanitation facilities were developed near pilgrimage zones such as Mina 
and Arafah, ensuring access to clean water, an essential requirement for both ritual purity and 
physical survival. 
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Thus, the spiritual imperative to fulfill Hajj in a state of health and purity drove Islamic societies 
to develop sophisticated medical practices, healthcare institutions, and public infrastructure. 
These were not secular advancements but expressions of religious duty, the `ibādah through 
medicine. The Hajj pilgrimage brought together large groups of people in a confined space, 
creating potential public health challenges. In response, early Muslim societies invested 
heavily in medical infrastructure and scientific knowledge to ensure the well-being of pilgrims. 
Physicians such as Al-Razi (Rhazes) and Ibn Sina (Avicenna) compiled extensive medical 
encyclopedias that became standard references not only in the Muslim world but also in 
medieval Europe [15]. Their works emphasized hygiene, quarantine, and preventative care, 
concepts directly relevant to safeguarding large populations during pilgrimage. 
 
The establishment of bimaristans (hospitals), such as those in Baghdad and Cairo, provided 
not only curative care but also medical education and research [14]. Infrastructure developed 
along pilgrimage routes included water wells, shade structures, and sanitation systems, 
demonstrating a blend of civil engineering and religious devotion. The motivation was clear: to 
enable the ummah to fulfil their obligations to Allah in safety and health. 
 
4.0 CONCLUSION 
This study has demonstrated with scholarly evidence that the framework of Islamic science 
was far from primitive or stagnant; rather, it was grounded in a profound integration of Tawhidic 
ontology, epistemological precision, and methodical inquiry. Contrary to Eurocentric narratives 
that dismiss or oversimplify Muslim contributions to science, the historical record reveals a 
highly structured and dynamic scientific culture rooted in a unified Islamic worldview. 
 
The worldview of Islam positions knowledge-seeking as a form of devotion. As [17] 
emphasizes, scientific endeavors in the Islamic tradition are grounded in a sacred ontology 
where nature is seen as a sign (āyah) of God, and the pursuit of understanding it is an act of 
spiritual significance. 
 
According to [1], Islamic science is not merely a collection of empirical knowledge produced 
by Muslims but is characterized by a distinct epistemology rooted in tawhid (divine unity), 
where the study of nature is seen as a means to fulfill religious obligations and understand 
divine signs. This perspective reinforces how scientific progress in the Muslim world emerged 
not in isolation but in response to theological, cosmological, and devotional needs. 
Crucially, it was the desire to perfect the practice of ibadah; prayer, fasting, pilgrimage, and 
other acts of worship, that acted as a primary catalyst for scientific development. The need to 
determine prayer times accurately drove advancements in astronomy; the requirement to find 
the qiblah fostered geographical and mathematical precision; the laws of purity (taharah) 
motivated deeper explorations in medicine and hygiene. As Nasr (2006) emphasizes, in the 
Islamic worldview, science was not an autonomous pursuit but an extension of the quest to 
obey God more precisely and meaningfully. Hence, the knowledge of the natural world was 
viewed as a sacred obligation, enabling the believer to align their actions with divine commands 
more accurately [17] [1]. 
 
First, the ontological foundation of Islamic science was built upon Tawhid, the conviction in the 
unity, order, and purposefulness of creation. This unified view of existence, far from leading to 
fatalism, served as a driving force for observation, contemplation, and intervention. It framed 
the natural world as ayatullah (signs of God), inviting inquiry as a form of worship [11] [8]. 
 
Second, epistemologically, the integration of naqli (revealed) and aqli (rational) sources offered 
a harmonized framework in which reason operated within the bounds of ethical and 
metaphysical truths. This dual epistemology empowered scholars to pursue empirical 
knowledge without severing it from its moral and spiritual foundations [17] [1]. 
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Third, methodologically, Muslim scientists institutionalized a rigorous and repeatable approach 
to research. Whether in optics, mechanics, medicine, or mathematics, scholars like Ibn al-
Haytham, al-Zahrawi, and Ibn Sina adhered to structured experimentation and falsifications 
centuries before the formulation of the modern scientific method [10] [12]. 
 
Finally, this tradition of science was transmitted and expanded through a pedagogical culture 
rooted in the madrasah system, commentaries (shuruh), and cross-cultural translation 
movements. Rather than a passive preservation of knowledge, the Islamic scientific tradition 
actively shaped and critiqued inherited ideas, setting the stage for the European Renaissance 
[8]. 
 
In sum, Islamic science was not a peripheral or derivative development; it was a civilizational 
project rooted in spiritual intentionality, ethical clarity, and methodological sophistication. The 
pursuit of scientific knowledge was inextricably tied to the perfection of ibadah, where 
understanding the cosmos was a means to better submit to its Creator. In an age of scientific 
fragmentation and moral ambiguity, this integrated model where worship catalyzes discovery 
that offers not only historical insight but a profound alternative for the future of knowledge. 
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