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Introduction

Consider that every time a blood test is ordered, a prescription is written electronically, or a
patient record is retrieved from a shared database, a computer is performing tasks that would
have taken hours or been impossible just a few decades ago. The computer has transformed
medical practice more profoundly than any single invention since the stethoscope, and yet many
clinicians use these tools without understanding how they work or why they sometimes fail. That
understanding matters, not because clinicians need to program computers, but because

understanding a tool makes you a better, safer, and more informed user of it.

The aim of this Series is to provide you with a sound foundational understanding of the history,
structure, and characteristics of computers as preparation for their clinical and research

applications.

We shall commence by tracing the history of computing from the earliest counting tools through
the five generations of electronic computers. Next, we will examine the functional components
that make up every modern computer, from the central processing unit to input and output
devices. Finally, we will round off this Series by exploring the key characteristics that define
modern computers, how they are classified by size and purpose, and the distinction between

systems and application software that governs how computers are used in clinical settings.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

e SLO 1.1 describe the historical development of computing from early counting tools
through the five generations of computers,

e SLO 1.2 identify and explain the functional components of a modern computer system,

e SLO 1.3 describe the key characteristics that define modern computers, and

e SLO 1.4 classify computers by size and purpose and distinguish between systems and

application software.



1.1 History of Computers
1.1.1 From counting tools to electronic computing

Human beings have always needed tools to count and calculate. The abacus, used in ancient
China and the Middle East as early as 2400 BCE, is the earliest known calculating device: a
frame of beads that allows addition and subtraction through physical manipulation. In the
seventeenth century, mathematicians began building mechanical calculators. Blaise Pascal
created the Pascaline in 1642, a gear-driven machine capable of addition. Gottfried Wilhelm
Leibniz improved on this with a machine that could also multiply. These devices were purely

mechanical, requiring hand operation for every calculation.

The conceptual leap toward programmable computing came from Charles Babbage, who
designed the Analytical Engine in the 1830s: a mechanical device with a memory store, an
arithmetic unit, and the ability to be instructed by punched cards. Although it was never
completed in his lifetime, the Analytical Engine contained every logical element of the modern
computer. Ada Lovelace, who wrote detailed notes on the machine, is widely regarded as the
first computer programmer. The first truly electronic computing device emerged in the 1940s:
the ENIAC (Electronic Numerical Integrator and Computer), completed in 1945, used thousands

of vacuum tubes to perform calculations at speeds no mechanical device could approach.

Fill in the blank: The , designed by Charles Babbage in the 1830s, contained a
memory store, an arithmetic unit, and the ability to receive instructions via punched cards,

making it the conceptual ancestor of the modern computer.
1.1.2 Generations of computers

Computer historians describe the evolution of electronic computing through five generations,
each defined by the dominant technology of the era. The first generation (1940s to 1950s) used
vacuum tubes as their electronic switching components; these machines were enormous,
consumed vast amounts of power, produced great heat, and were prone to frequent failure.
ENIAC is the paradigmatic first-generation computer. The second generation (late 1950s to

early 1960s) replaced vacuum tubes with transistors: smaller, faster, more reliable, and far less



power-hungry. Programming moved from machine code to higher-level languages such as

FORTRAN and COBOL.

The third generation (mid-1960s to early 1970s) introduced the integrated circuit (IC), which
placed multiple transistors on a single silicon chip, dramatically reducing size and cost while
increasing speed. The fourth generation (1970s to present) is defined by the microprocessor:
an entire CPU on a single chip, making personal computers possible. This generation produced
the machines that now sit in every clinic and laboratory. The fifth generation (emerging from
the 1980s onward) encompasses artificial intelligence, parallel processing, and natural language
interfaces; it represents the ongoing frontier of computing and includes the Al diagnostic tools

and clinical decision support systems that are entering medical practice today.

Fill in the blank: The generation of computers introduced the integrated circuit,
placing multiple transistors on a single silicon chip and dramatically reducing the size and cost of

computing hardware.

1.1.3 The development of personal and networked computing

Until the mid-1970s, computers were large, expensive machines owned by universities,
governments, and large corporations. The personal computer (PC) changed this. The Apple II
(1977) and the IBM PC (1981) brought computing within reach of individuals, small businesses,
and eventually every home and clinic. The development of the graphical user interface (GUI)
by Xerox PARC and popularised by Apple and Microsoft made computers accessible to people
without programming knowledge, replacing command-line text input with visual icons and

menus that any user could learn quickly.

The internet, which grew from the US military ARPANET network of the 1960s into a global
public network by the 1990s, transformed the computer from a standalone calculation device into
a communication and information-sharing tool of unprecedented scope. The World Wide Web,
developed by Tim Berners-Lee in 1989, provided the browser-based interface through which the
internet became accessible to everyone. For medicine, the internet made it possible to access

clinical guidelines, research databases, drug information, and patient records across institutions



and continents in real time, fundamentally changing how clinical knowledge is produced, shared,

and applied.

Fill in the blank: The , developed by Tim Berners-Lee in 1989, provided the browser-

based interface through which the internet became accessible to non-technical users globally.
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Figure 1.1: Timeline of computing generations
Pilot questions 1.1

Name the earliest known calculating device and describe how it worked.
Explain the significance of the Analytical Engine in the history of computing.

Name the five generations of computers and state the key technology that defines each.

Y b=

Explain what the graphical user interface contributed to the adoption of personal
computers.
5. Describe how the internet has changed the way clinical knowledge is accessed and

applied.



1.2 Functional Components of a Computer

1.2.1 The central processing unit

The central processing unit (CPU) is the brain of the computer: it performs all the calculations,
comparisons, and logical operations that constitute computation. The CPU contains two primary
components. The arithmetic and logic unit (ALU) performs mathematical calculations
(addition, subtraction, multiplication, division) and logical comparisons (is A greater than B? are
these two values equal?). The control unit (CU) directs the flow of data between the CPU,
memory, and other components, fetching instructions from memory, decoding them, and
coordinating their execution. Modern CPUs also contain a small amount of extremely fast

memory called registers, which hold the data being actively processed.

The speed of a CPU is measured in hertz (Hz), specifically gigahertz (GHz), indicating how
many cycles of operation it can complete per second. A modern laptop CPU operating at 3 GHz
completes three billion processing cycles every second. Multi-core processors contain multiple
CPUs on a single chip, allowing the simultaneous execution of multiple tasks: one core might be
running a clinical decision support application while another manages the network connection
and a third handles the display. For the clinician, this matters because the processing power of
the workstation determines how quickly a patient record loads, how fast a diagnostic image is

rendered, and how smoothly multiple applications can run together.

Fill in the blank: The unit within the CPU performs mathematical calculations and
logical comparisons, while the control unit directs the flow of data between the processor,

memory, and other system components.
1.2.2 Memory and storage

Computers use two fundamentally different kinds of memory. Primary memory, also called
RAM (Random Access Memory), is the working memory of the computer: it holds the data and
programs that are actively in use. RAM is fast and directly accessible by the CPU, but it is
volatile, meaning its contents are lost when power is switched off. The amount of RAM in a

system determines how many programs can run simultaneously and how large the datasets being



actively processed can be. ROM (Read-Only Memory) is non-volatile primary memory that
holds the basic instructions the computer needs to start up; it cannot normally be modified by the

user.

Secondary memory, or storage, holds data permanently even when the computer is off.
Traditional hard disk drives (HDDs) store data magnetically on spinning platters; solid-state
drives (SSDs) store data electronically on flash memory chips and are faster, quieter, and more
resistant to physical shock. In clinical computing, cloud storage is increasingly important:
patient records, imaging data, and laboratory results are stored on remote servers and accessed
over the network, enabling any authorised clinician to retrieve information from any location.
The unit of data storage progresses from bits (0 or 1) through bytes (8 bits), kilobytes,
megabytes, gigabytes, terabytes, and beyond.

Fill in the blank: memory holds data and programs currently in use and is lost when
the computer is switched off, while secondary memory stores data permanently even without

power.
1.2.3 Input, output, and peripheral devices

A computer must receive data and instructions from the outside world and communicate its
results back; this is the function of input and output (I/O) devices. Input devices include the
keyboard, mouse, touchscreen, microphone, scanner, and camera. In clinical settings, specialised
input devices include barcode scanners for medication administration, digital stethoscopes that
feed audio data directly into diagnostic software, and imaging equipment such as MRI and CT
scanners whose data feeds directly into the hospital information system. Qutput devices present
processed data to the user: monitors display visual output, printers produce physical documents,

and speakers provide audio output.

A peripheral device is any hardware component connected to the computer that is not part of
the core processing system itself. Peripherals may be input (keyboard), output (printer), or both
(a touch-screen that both receives finger input and displays visual output). The bus is the internal
communication pathway through which data travels between the CPU, memory, and peripheral

devices. Ports are the physical connectors on the computer body through which peripherals



connect: USB, HDMI, Ethernet, and audio ports are common examples. In a hospital

environment, the reliable connection of diagnostic equipment, label printers, barcode readers,

and network cables through these ports is as important to patient care as any software running on

the system.

Fill in the blank:

devices receive data and instructions from the user or environment,

while output devices present processed results back to the user in visual, printed, or audio form.
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Figure 1.2: Functional components of a computer system

Pilot questions 1.2

A e

Explain what a bus does in a computer system.

Monitor, Printer

Name the two main components of the CPU and explain what each does.
Explain the difference between RAM and ROM.
Explain the difference between primary memory and secondary storage.

Name two input devices and two output devices used specifically in clinical computing.



1.3 Characteristics and Classification of Computers
1.3.1 Characteristics of modern computers

Modern computers share a set of defining characteristics that make them uniquely powerful tools
for medicine and research. Speed is the most immediately apparent: a modern CPU can perform
billions of operations per second, enabling real-time analysis of complex data such as
electrocardiograms, imaging studies, and genomic sequences. Accuracy is equally important:
computers perform calculations without the arithmetic errors that characterise human manual
computation, and the same calculation produces the same result every time it is run. This
consistency is critical in drug dose calculation, laboratory result interpretation, and statistical

analysis of research data.

Modern computers are also characterised by large storage capacity, allowing them to hold and
retrieve vast quantities of patient data, clinical literature, and imaging files; versatility, meaning
a single machine can run a clinical record system, access the internet, analyse research data, and
display diagnostic images within the same session; automation, the ability to perform repetitive
tasks without human involvement (such as generating appointment reminders or flagging
abnormal laboratory values); and diligence, maintaining consistent performance without fatigue.
The limitation that balances all of these strengths is that computers have no independent
judgment: they do exactly what they are instructed to do, no more and no less, which is why the

quality of the software and the data they process is as important as the power of the hardware.

Fill in the blank: Although computers are characterised by speed, accuracy, and diligence, their
fundamental limitation is that they have no independent and will execute instructions

exactly as written, making the quality of software and data critically important.
1.3.2 Classification of computers by size and purpose

Computers are classified into several categories based on their processing power, size, and
intended use. Supercomputers are the most powerful machines in existence, used for tasks that
require massive parallel computation such as climate modelling, genomic analysis, and drug

discovery simulations. Mainframe computers are large, powerful machines used by



corporations, governments, and hospitals to handle very large volumes of data for many
simultaneous users: a hospital information system serving hundreds of concurrent users across

multiple departments is typically hosted on a mainframe or equivalent server infrastructure.

Minicomputers (now largely replaced by powerful servers) were mid-range machines used in
laboratories and departments. Personal computers (PCs) and their portable variants (laptops,
tablets, and smartphones) are the machines used by individual clinicians and patients in daily
practice. Embedded computers are special-purpose processing units built into other devices: the
processor controlling an infusion pump, monitoring a pacemaker, or operating an MRI scanner is
an embedded computer. Understanding this classification helps clinicians appreciate why
different clinical computing tasks require different hardware architectures, and why the tablet
used for ward round documentation operates differently from the server hosting the hospital

patient record system.

Fill in the blank: computers are special-purpose processing units built into other
devices, such as those controlling infusion pumps, operating diagnostic imaging equipment, or

monitoring implanted cardiac devices.
1.3.3 Computer software: systems and applications

Software is the set of instructions that tells hardware what to do. It is divided into two
fundamental categories. System software manages the hardware and provides the platform on
which other software runs. The most important system software is the operating system (OS):
programs such as Microsoft Windows, macOS, Linux, and Android that manage the CPU,
memory, storage, and devices, and provide the user interface through which all other programs

are accessed. Without an operating system, a computer is merely inert hardware.

Application software performs specific tasks for the user, running on top of the operating
system. In medicine, the most important application software includes electronic health record
(EHR) systems that store and manage patient clinical data; laboratory information systems
(LIS) that manage test ordering and result reporting; radiology information systems (RIS) and
picture archiving and communication systems (PACS) that handle imaging data; clinical

decision support systems (CDSS) that alert clinicians to potential drug interactions or guideline



deviations; and telemedicine platforms that enable remote consultation. The reliability and
security of this application software directly determines the quality and safety of digital clinical

carc.

Fill in the blank: software manages the hardware and provides the platform on which

application software runs; examples include Microsoft Windows, macOS, and Linux.
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Pilot questions 1.3

1. Name five characteristics of modern computers.

2. Explain what the fundamental limitation of computers is and why it matters in clinical
practice.

3. Distinguish between supercomputers, mainframes, personal computers, and embedded
computers, giving a medical example of each.

4. Explain the difference between system software and application software.



5. Name three types of application software used in clinical medicine and describe what

each does.



Series Summary

This Series traced the history of computing from the abacus through five generations of
electronic computers to the personal computers, internet, and emerging Al systems that now
permeate clinical practice. Each generation was defined by a new technology: vacuum tubes,
transistors, integrated circuits, microprocessors, and artificial intelligence, each making
computers smaller, faster, cheaper, and more capable. The development of personal computing
and the World Wide Web transformed the computer from a specialist scientific instrument into

an everyday clinical tool.

The functional architecture of a modern computer was examined through its core components:
the CPU with its arithmetic-logic and control units, primary memory in the form of RAM and
ROM, secondary storage from hard drives to cloud systems, and input and output devices
including the specialised clinical peripherals of modern healthcare. The Series concluded by
establishing the key characteristics of computers, their classification from supercomputers to
embedded devices, and the fundamental distinction between the system software that manages
hardware and the application software that delivers the specific clinical functions that make

computers indispensable in medicine.

Glossary of Terms

o Abacus: the earliest known calculating device, using a frame of beads to perform

addition and subtraction through physical manipulation.

e ALU (Arithmetic and Logic Unit): the component of the CPU that performs

mathematical calculations and logical comparisons.

e Application software: programs that perform specific user tasks, running on top of the

operating system; includes EHR systems, CDSS, and telemedicine platforms.

e CPU (Central Processing Unit): the brain of the computer, containing the ALU and

control unit; performs all computation.



Embedded computer: a special-purpose processor built into another device, such as an

infusion pump, pacemaker monitor, or diagnostic imaging machine.

GUI (Graphical User Interface): a visual interface using icons and menus that allows

computer use without programming knowledge.

Integrated circuit (IC): a silicon chip containing multiple transistors, defining the third

generation of computers and enabling dramatic miniaturisation.

Microprocessor: an entire CPU on a single chip, defining the fourth generation of

computers and making personal computing possible.

Operating system: the core system software that manages computer hardware and

provides the platform for application software.

RAM (Random Access Memory): fast, volatile primary memory that holds data and

programs currently in use; lost when power is off.

ROM (Read-Only Memory): non-volatile primary memory holding startup instructions

that cannot normally be modified.

Transistor: the electronic switching component that replaced vacuum tubes in second-

generation computers, making them smaller and more reliable.



Concept Check Questions 1

Objective questions

1. The , designed by Charles Babbage in the 1830s, is considered the conceptual
ancestor of the modern computer because it contained a memory store, arithmetic unit,
and programmable instruction mechanism. (Linked to SLO 1.1)

2. The third generation of computers was defined by the circuit, which placed
multiple transistors on a single silicon chip. (Linked to SLO 1.1)

3. The component of the CPU that directs the flow of data between the processor, memory,
and other components is called the unit. (Linked to SLO 1.2)

4. memory is volatile and holds data currently in use, while secondary storage
retains data permanently even without power. (Linked to SLO 1.2)

5. computers are special-purpose processors built into other devices, such as

those controlling infusion pumps or diagnostic imaging equipment. (Linked to SLO 1.4)

Short-answer questions

6. Name and briefly describe the five generations of computers, identifying the key
technology that defines each. (Linked to SLO 1.1)

7. Explain the roles of the CPU, RAM, and secondary storage in a computer system.
(Linked to SLO 1.2)

8. Distinguish between system software and application software and give two examples of

each that are relevant to clinical medicine. (Linked to SLO 1.4)

Long-answer questions

9. Discuss the history of computing and explain how each generation of computers built
upon the previous one to produce the clinical computing tools used in medicine today.

(Linked to SLOs 1.1, 1.2)



10. Describe the functional components of a modern computer and explain how each

contributes to its use in a clinical setting. (Linked to SLOs 1.2, 1.3, 1.4)

Answers to Concept Check Questions 1

Objective questions

1. Analytical Engine.

2. Integrated.

3. Control.

4. RAM (Random Access Memory).
5. Embedded.

Short-answer questions

6. First generation (1940s-1950s): vacuum tubes; ENIAC is the key example; machines
were enormous, power-hungry, and unreliable. Second generation (late 1950s-early
1960s): transistors; smaller, faster, more reliable; higher-level programming languages
emerged. Third generation (mid-1960s-early 1970s): integrated circuits; multiple
transistors on a single chip; dramatic reduction in size and cost. Fourth generation
(1970s-present): microprocessor (entire CPU on one chip); personal computers became
possible. Fifth generation (1980s onward): artificial intelligence and parallel processing;
natural language interfaces; includes Al diagnostic tools entering clinical practice.

7. The CPU performs all computation: its ALU handles arithmetic and logical operations, its
control unit directs data flow, and its registers hold data being actively processed. RAM
(Random Access Memory) is the working memory that holds programs and data currently
in use; it is fast and directly accessible by the CPU but is lost when power is switched off.
Secondary storage (hard drives, SSDs, cloud) permanently retains data regardless of
power: patient records, imaging files, and clinical applications are held here and loaded

into RAM when needed.



8. System software manages the hardware and provides the environment in which other
programs run; examples: operating systems such as Windows or Linux (which manage
clinical workstations) and firmware (which runs embedded medical devices). Application
software performs specific user tasks on top of the operating system; examples: electronic
health record systems such as those used to store and retrieve patient clinical data, and
clinical decision support systems that alert clinicians to drug interactions or guideline

deviations.

Long-answer questions

9. Basic response

Abacus (ancient): earliest counting tool. Mechanical calculators (seventeenth century): Pascal
and Leibniz. Analytical Engine (Babbage 1830s): memory, arithmetic unit, programmable; Ada
Lovelace as first programmer. First generation (vacuum tubes, 1940s-1950s): ENIAC, enormous
and unreliable. Second generation (transistors, late 1950s-early 1960s): smaller, faster,
FORTRAN and COBOL. Third generation (integrated circuits, mid-1960s-early 1970s): further
miniaturisation, lower cost. Fourth generation (microprocessor, 1970s-present): personal
computers, Apple II and IBM PC, GUI making computers accessible. Internet and World Wide
Web (1990s): clinical knowledge accessible in real time globally. Fifth generation (AI, 1980s
onward): clinical decision support, diagnostic imaging analysis, natural language processing.

Each generation made computers smaller, faster, cheaper, and more suitable for clinical use.
9. Value-added response

The most important insight about computing history for a medical student is that each
technological breakthrough addressed the specific limitation of the preceding generation.
Vacuum tubes failed too often for reliable clinical use; transistors solved this by being smaller
and more durable. Transistors were still individually assembled, limiting miniaturisation;
integrated circuits solved this by placing many on one chip. The microprocessor placed the entire
CPU on one chip, making the personal computer economically feasible and ultimately putting
computing power in every clinical environment. The GUI removed the programming expertise

barrier, allowing clinicians without technical backgrounds to use computers effectively. The



internet made clinical knowledge a shared, real-time global resource rather than a local
institutional collection. Each step was necessary to produce the clinical computing ecosystem

that exists today.

10. Basic response

CPU: the processing unit containing the ALU (arithmetic and logical operations) and control unit
(directing data flow); speed measured in GHz; multi-core processors handle simultaneous
clinical tasks. RAM: volatile primary memory holding active programs and data; determines how
many applications run simultaneously. Secondary storage: permanent data retention; HDDs,
SSDs, and cloud storage for patient records, imaging, and applications. Input devices: keyboard,
mouse, touchscreen, barcode scanners, digital stethoscopes, imaging equipment feeding data
directly to clinical systems. Output devices: monitor (displaying patient records and imaging),
printer (producing prescriptions and reports). Bus: internal pathway connecting all components.
Ports: physical connections for peripheral devices. Characteristics: speed (billions of operations
per second), accuracy (no arithmetic errors), large storage, versatility, automation, diligence, but
no independent judgment. Classification: supercomputers (genomic analysis), mainframes
(hospital information systems), personal computers (clinical workstations), embedded computers
(infusion pumps, pacemakers, MRI processors). Software: operating system (foundation) with

medical application software (EHR, LIS, PACS, CDSS, telemedicine) above.

10. Value-added response

The single most important characteristic of computers for clinical safety is that they have no
independent judgment. This is simultaneously their greatest strength and their greatest risk. Their
accuracy means they calculate drug doses correctly every time, but only if the dose formula and
patient weight entered are correct; garbage in, garbage out remains the cardinal rule of clinical
computing. EHR systems can alert a clinician to a drug interaction only if the allergy is recorded
in the system and the interaction database is current. A CDSS can recommend a guideline-
appropriate treatment only if the guideline has been correctly coded into the system. This means
that understanding computers as tools with defined capabilities and defined limitations is as

important for patient safety as understanding the pharmacology of the drugs prescribed through



those systems. The clinician who uses digital tools uncritically, assuming the computer has

verified what it has not, is more dangerous than one who does not use them at all.

Answers to Pilot Questions 1

Part 1.1

1. The abacus, used in ancient China and the Middle East from as early as 2400 BCE, is the
earliest known calculating device. It consists of a frame fitted with rows of beads that can
be slid along rods; each bead represents a numerical value, and calculations are
performed by moving beads to represent addition or subtraction.

2. The Analytical Engine, designed by Charles Babbage in the 1830s, is significant because
it was the first design to incorporate every logical element of the modern computer: a
memory store to hold numbers, an arithmetic unit to process them, and a mechanism to
receive programmed instructions via punched cards. Although it was never completed in
Babbage lifetime, Ada Lovelace wrote detailed operational notes for it that are now
regarded as the first computer program. The Analytical Engine established the conceptual
architecture that all subsequent computers have followed.

3. First generation (1940s-1950s): vacuum tubes. Second generation (late 1950s-early
1960s): transistors. Third generation (mid-1960s-early 1970s): integrated circuits. Fourth
generation (1970s-present): microprocessors. Fifth generation (1980s onward): artificial
intelligence and parallel processing.

4. The graphical user interface (GUI) replaced text-based command-line input with visual
icons, windows, and menus that could be navigated using a mouse. This meant that users
did not need to know programming or memorise command syntax to operate a computer;
they could point and click on visual representations of functions. The GUI made personal
computers accessible to a mass audience, including clinicians, office workers, and
eventually the general public, transforming the computer from a specialist tool into an

everyday instrument.



5. The internet, and specifically the World Wide Web, transformed clinical knowledge from

a locally held institutional resource into a globally shared, real-time information system.
Clinicians can now access Medline and Cochrane databases, clinical practice guidelines,
drug interaction checkers, and specialist consultation from any connected device. Patient
records can be retrieved across departments and institutions. Research findings published
in one country are available to clinicians in another within hours of publication. This has
fundamentally changed how clinical decisions are informed and how medical knowledge

is produced and distributed.

Part 1.2

1.

The two main components of the CPU are the ALU (Arithmetic and Logic Unit) and the
control unit. The ALU performs all mathematical calculations (addition, subtraction,
multiplication, division) and logical comparisons (greater than, equal to, less than). The
control unit manages the flow of data within the computer: it fetches instructions from
memory, decodes them to determine what action is required, and coordinates the ALU
and other components to execute that action.

RAM (Random Access Memory) is volatile primary memory that holds data and
programs currently in use; it is directly accessible by the CPU and extremely fast, but its
contents are completely lost when the computer is switched off. ROM (Read-Only
Memory) is non-volatile primary memory that holds the basic startup instructions the
computer needs to begin operating; its contents are retained when power is removed and
cannot normally be changed by the user.

Primary memory (RAM and ROM) is directly accessible by the CPU and is used to hold
data and programs that are actively being processed; it is fast but limited in capacity and
volatile (for RAM). Secondary storage (hard drives, SSDs, cloud) permanently retains all
data regardless of power status; it has much larger capacity than primary memory but is
slower to access. When a program is needed, it is loaded from secondary storage into

RAM; when processing is complete, results are saved back to secondary storage.



4. Input devices specific to clinical computing: barcode scanners (used to scan patient
wristbands and medication labels for safe drug administration and patient identification);
digital imaging equipment such as CT and MRI scanners that feed image data directly
into the hospital information system. Output devices: clinical workstation monitors that
display patient records, laboratory results, and diagnostic images; label printers that
produce medication labels and patient identification bands.

5. The bus is the internal communication pathway that connects the CPU, memory, and
peripheral devices, allowing data to travel between them. Without the bus, the separate
components of the computer would have no means of communicating: the CPU could not
read data from memory, and results could not be sent to output devices. Different buses
handle different types of data: the data bus carries actual data, the address bus specifies
where in memory data should be read from or written to, and the control bus carries

timing and control signals.

Part 1.3

1. Speed (billions of operations per second), accuracy (no arithmetic errors, consistent
results), large storage capacity (vast quantities of data retained and retrieved), versatility
(a single machine performs many different tasks), automation (repetitive tasks performed
without human involvement), and diligence (consistent performance without fatigue).

2. The fundamental limitation of computers is that they have no independent judgment: they
execute instructions exactly as written and can only work with data that has been
accurately entered. In clinical practice this matters because a drug dose calculation is only
as accurate as the patient weight and dose formula entered; an allergy alert only fires if
the allergy has been recorded; a clinical decision support recommendation is only valid if
the underlying guideline has been correctly programmed. The clinician who understands
this limitation checks the data the computer is working with rather than assuming the
output is correct.

3. Supercomputers: the most powerful machines, used for massive parallel computation

such as genomic analysis and drug discovery simulations. Mainframes: large, powerful



servers handling very high volumes of data for many simultaneous users; hospital
information systems serving hundreds of concurrent clinical users are typically hosted on
mainframe-class infrastructure. Personal computers: the machines used by individual
clinicians in daily practice, including desktop workstations, laptops, and tablets.
Embedded computers: special-purpose processors built into other devices; examples
include the processor controlling an infusion pump, operating an MRI scanner, or
monitoring an implanted cardiac device.

System software manages the computer hardware and provides the platform on which all
other software runs; the operating system (Windows, macOS, Linux) is the most
important example. Application software performs specific user tasks running on top of
the operating system; it requires system software to function and is responsible for the
specific functions the user experiences.

Electronic health record (EHR) system: stores, manages, and provides access to patient
clinical data including history, medications, investigation results, and clinical notes.
Clinical decision support system (CDSS): analyses patient data against clinical guidelines
and flags potential drug interactions, abnormal values, or guideline deviations to alert the
clinician. PACS (Picture Archiving and Communication System): stores and manages
diagnostic imaging data, allowing radiologists and clinicians to view images from any

networked workstation without physical films.
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o Sub Part 2.3.2: Input and output statements

o Sub Part 2.3.3: Control statements

Introduction

Every time a hospital information system generates an appointment reminder, calculates a drug
dose based on body weight, or routes an abnormal laboratory result to the responsible clinician, it
is executing a set of precise logical instructions written by a programmer. Understanding how
those instructions are designed and organised is not merely an academic exercise for medical

students. It equips you to communicate intelligently with the technical teams who build and



maintain clinical systems, to understand why those systems behave as they do, and to recognise
when a system error reflects a flaw in the underlying logic rather than a problem with the

hardware.

The aim of this Series is to introduce you to the core concepts of problem solving and computer

programming as they apply to clinical computing.

We shall commence by examining how problems are analysed and defined for computer
solution, then explore algorithms as the logical blueprints of computation and flowcharts as their
visual representation. Moving on, we will examine what a computer program is and introduce the
fundamental building blocks of programming: symbolic names, variables, constants, and arrays.
Finally, we will close by exploring the types of statements that make up a program and the

control structures that determine how those statements are executed.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 2.1 define problem solving in computing and explain the steps involved in
analysing a problem for computer solution,

e SLO 2.2 define an algorithm, state its essential properties, and draw a simple flowchart to
represent a computational process,

e SLO 2.3 explain what a computer program is and describe the roles of symbolic names,
variables, constants, and arrays, and

e SLO 2.4 describe the major statement types in a program and explain how control

statements determine the flow of execution.



2.1 Problem Solving with Computers
2.1.1 What is problem solving in computing?

Problem solving in computing is the process of analysing a task, breaking it into clearly defined
steps, and expressing those steps in a form that a computer can execute. Before any program is
written, the problem must be thoroughly understood. This involves three stages. First, problem
definition: stating precisely what the problem is, what inputs are available, and what output is
required. Second, problem analysis: identifying the logical steps needed to transform the
available inputs into the desired output. Third, solution design: choosing the appropriate method
and representing the solution in a structured form, typically an algorithm or flowchart, before

writing any code.

In a medical context, problem solving in computing underpins every clinical system. Consider a
program that calculates the paediatric dose of paracetamol. The problem definition establishes
that the input is the child body weight and age, and the output is the recommended dose in
milligrams and the volume in millilitres for a given concentration. The analysis determines that
the dose is 15 mg per kg body weight, with a maximum single dose of 1 g. The solution design
produces a step-by-step procedure that any correctly written program will follow. Errors at the
problem definition or analysis stage produce incorrect outputs regardless of how well the code is

written.

Fill in the blank: The three stages of problem solving in computing are problem
(stating what the problem is), problem analysis (identifying the steps needed), and solution

design (representing the solution in structured form).
2.1.2 Algorithms: definition and properties

An algorithm is a finite, step-by-step set of instructions for solving a problem or performing a
computation. The term comes from the name of the ninth-century Persian mathematician
Muhammad ibn Musa al-Khwarizmi, whose work introduced systematic mathematical
procedures to the Islamic world and, through translation, to Europe. Every computer program is,

at its core, the implementation of one or more algorithms. A well-designed algorithm has five



essential properties. It must be finite: it must terminate after a definite number of steps. It must
be definite: every step must be precisely and unambiguously stated. It must be effective: every
step must be executable with the available resources. It must have input: zero or more values

provided at the start. And it must have output: one or more values produced as a result.

Algorithms can be expressed in several forms: plain English (pseudocode), mathematical
notation, flowcharts, or programming language code. In clinical computing, algorithms underlie
everything from the simple (sorting a patient list alphabetically) to the complex (a decision
support algorithm that assesses the probability of sepsis from vital sign trends and laboratory
results). Understanding that every clinical system behaviour is ultimately the execution of an
algorithm helps clinicians understand why systems produce particular outputs and what it means

when they produce unexpected ones.

Fill in the blank: An algorithm must be finite (it terminates), definite (steps are unambiguous),

effective (steps are executable), and must have defined and output values.

2.1.3 Flowcharts: representing algorithms visually

A flowchart is a diagrammatic representation of an algorithm that uses standardised symbols
connected by arrows to show the sequence of steps and the flow of control. The main symbols
are: the oval (or rounded rectangle) for the start and end of the process; the rectangle for a
processing step or instruction; the diamond for a decision point where the flow branches based
on a yes/no condition; the parallelogram for input or output operations; and arrows showing the
direction of flow between steps. The clarity of a flowchart lies in making the logical structure of

an algorithm immediately visible without requiring programming knowledge to read it.

Flowcharts are particularly useful in clinical computing contexts for communicating system logic
to non-technical stakeholders. When a clinical team is evaluating whether a proposed decision
support algorithm correctly captures the intended clinical pathway, a flowchart allows physicians
and nurses to review the logic visually and identify any steps that are missing, incorrect, or
clinically inappropriate. For the medical student, being able to read a flowchart and trace the path
an algorithm takes through different inputs is an important skill for understanding and evaluating

the clinical systems you will use in practice.



Fill in the blank: In a flowchart, a

branches into two paths based on whether a condition is true or false.

shape represents a decision point where the flow
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Figure 2.1: Standard flowchart symbols and a clinical algorithm example

Pilot questions 2.1

won

b

Define problem solving in computing and name the three stages involved.

Define an algorithm and name its five essential properties.

Explain how the paediatric paracetamol dose calculation illustrates the three stages of

problem solving.

Name and describe four standard flowchart symbols.

Explain why flowcharts are useful for communicating clinical system logic to non-

technical stakeholders.




2.2 Introduction to Programming

2.2.1 What is a computer program?

A computer program is a set of instructions written in a programming language that tells a
computer exactly what operations to perform, in what order, and on what data. Programs are the
means by which algorithms are implemented in executable form. When you write a program, you
are translating the logical steps of an algorithm into the precise syntax of a programming
language that the computer can understand, compile or interpret, and execute. Every program,
from a simple dose calculator to a complex electronic health record system, is ultimately a large

collection of such instructions organised into a coherent structure.

Programs are written in source code: human-readable text in a programming language. This
source code must be translated into machine code (binary instructions that the CPU can directly
execute) by either a compiler (which translates the entire source code into a machine code file
before any execution) or an interpreter (which translates and executes the program one
instruction at a time). Compiled programs typically run faster; interpreted programs are easier to
test and debug. In clinical applications, this distinction affects system performance: a program
that processes large imaging datasets may need to be compiled for speed, while a script that

automates a simple administrative task might be interpreted.

Fill in the blank: Source code written by a programmer is translated into machine code by either
a (which translates the entire program before execution) or an interpreter (which

translates and executes one instruction at a time).
2.2.2 Symbolic names, constants, and variables

Programs work with data, and data must be identified by name. A symbolic name (also called an
identifier) is a name chosen by the programmer to represent a memory location where a value is
stored. Good symbolic names are descriptive: patientAge, bodyWeightKg, and doseMg are far
more readable than single-letter names like x, y, and z. Readable names are essential in clinical
computing, where the person reviewing or auditing code may not be the person who wrote it, and

where a misidentified variable could produce a dangerous error.



A constant is a named value that does not change during program execution. For example, the
maximum single paracetamol dose of 1000 mg can be defined as a constant MAX DOSE = 1000
so that if the clinical guideline changes, only one line of the program needs updating rather than
every place in the code where 1000 appears. A variable is a named memory location whose
value can change during execution. The patient body weight, the calculated dose, and the
administered volume are all variables: their values differ for each patient and may be updated as
the program runs. Correctly distinguishing constants from variables is fundamental to writing

programs that are both correct and maintainable.

Fill in the blank: A is a named value that does not change during program execution,

while a variable is a named memory location whose value can change as the program runs.
2.2.3 Arrays and subscripts

An array is a collection of variables of the same data type, stored under a single symbolic name
and accessed by their position in the collection. Rather than creating separate variables for the
blood pressure readings of a patient at ten different time points (bp1, bp2, bp3...bp10), a
programmer creates a single array: bloodPressure[10], where the number in square brackets
indicates how many elements the array holds. Each individual element is accessed by its
subscript (also called an index): bloodPressure[1] refers to the first reading, bloodPressure[2] to
the second, and so on. This makes it possible to process all ten readings with a single loop rather

than ten separate instructions.

Arrays are fundamental data structures in clinical computing. A patient laboratory result history,
a series of vital sign measurements, a list of current medications, or a set of imaging study
identifiers are all naturally represented as arrays. The ability to process an entire array of values
with a single loop means that the same code that calculates the average blood pressure from ten
readings can calculate it from a hundred readings simply by changing the array size. Multi-
dimensional arrays extend this concept: a two-dimensional array could store a grid of patient
data where rows represent patients and columns represent different measured parameters, which

is essentially the structure of a clinical data table.



Fill in the blank: An is a collection of variables of the same data type stored under a

single name, with each element accessed by its position number, called a subscript or index.
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Figure 2.2: Variables, constants, and arrays in a clinical program

Pilot questions 2.2

1. Define a computer program and explain the difference between source code and machine
code.

2. Explain the difference between a compiler and an interpreter.

3. Define a symbolic name and explain why descriptive names matter in clinical
programming.

4. Distinguish between a constant and a variable and give a clinical example of each.

5. Explain what an array is and describe a clinical situation where an array would be more

useful than individual variables.



2.3 Statements and Control Structures

2.3.1 Statement types and assignment

A statement is the fundamental unit of a program: a single instruction that the computer
executes. Programs are composed of many statements executed in sequence unless a control
structure changes that sequence. The most fundamental statement type is the assignment
statement, which stores a value in a variable. Its general form is: variable = expression,
meaning "evaluate the expression on the right and store the result in the variable on the left." For
example, doseMg = bodyWeightKg * 15 calculates the paracetamol dose by multiplying weight
by the dose per kilogram and stores the result in doseMg. The equals sign in an assignment
statement does not mean equality in the mathematical sense; it means store the result of this

calculation in this variable.

Other statement types include declaration statements, which define a variable and specify its
data type before it is used; input statements, which receive data from the user or another source;
output statements, which display or transmit results; and call statements, which invoke a
separately defined block of code (a function or procedure) to perform a specific sub-task. In a
well-structured clinical program, complex tasks are broken into small, named functions each
responsible for one well-defined operation: one function to validate that the entered weight is
within a plausible range, another to calculate the dose, and another to format the output for

display.

Fill in the blank: An statement stores the result of an expression into a named variable;
its general form is variable = expression, where the equals sign means store rather than

mathematical equality.
2.3.2 Input and output statements

Input statements allow a program to receive data from external sources: the user typing at a
keyboard, a file on disk, a sensor or medical device, or a network connection. In a clinical
program, input might be the patient weight typed by a nurse, the blood glucose reading

transmitted automatically from a bedside glucometer, or a batch of laboratory results received



from the laboratory information system. The program must specify what data it expects, check

that what it receives is valid, and handle gracefully the case where invalid data is provided.

Output statements transmit results from the program to an external destination: displaying text
on a screen, writing to a file, printing a report, or sending data to another system. In clinical
computing, the design of output is as important as the correctness of the calculation: a correctly
calculated drug dose displayed in an ambiguous format (e.g. "1.0" where "10" might be misread)
is a patient safety risk. Well-designed output statements in clinical programs therefore include
explicit units, appropriate decimal precision, and clear labelling. The principles of clear medical
writing that apply to clinical notes apply equally to the design of computer-generated clinical

outputs.

Fill in the blank: In clinical computing, the design of statements matters for patient
safety: ambiguous formatting of drug doses or clinical values can lead to misreading and

medication errors.

2.3.3 Control statements

Without control statements, a program executes its statements in simple linear sequence from
first to last. Control statements alter this sequence, allowing programs to make decisions and
repeat actions. The conditional statement (also called an IF statement) tests a condition and
executes different code depending on whether the condition is true or false. For example: IF
doseMg > 1000 THEN doseMg = 1000; this checks whether the calculated dose exceeds the
maximum and caps it if so. The IF-ELSE structure extends this by specifying one block of code

for the true case and another for the false case.

Iteration statements (loops) allow a block of code to be executed repeatedly. The FOR loop
repeats a fixed number of times; the WHILE loop repeats as long as a condition remains true;
the DO-WHILE loop executes at least once and then continues as long as a condition is met. In
clinical computing, loops are used to process every record in a patient list, calculate a running
average of vital signs, or scan all active prescriptions for a specific drug name. The combination
of conditional statements and loops provides the logical power that allows programs to handle

complex, variable clinical data rather than simple fixed calculations.



Fill in the blank: A loop repeats a block of code a fixed number of times, while a

WHILE loop continues repeating as long as a specified condition remains true.
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Figure 2.3: Control structures in clinical programs

Pilot questions 2.3

1. Define a statement in programming and explain what an assignment statement does.

2. Give a clinical example of an assignment statement and explain each component.

3. Explain what an input statement does and describe two sources of input in a clinical
computing context.

4. Explain why the design of output statements matters for patient safety in clinical
programs.

5. Distinguish between an IF statement, a FOR loop, and a WHILE loop, and give a clinical

example of each.



Series Summary

This Series introduced the conceptual foundations of problem solving and programming as they
apply to clinical computing. Problem solving was shown to proceed through three stages:
problem definition, analysis, and solution design. Algorithms were defined as finite, definite, and
effective step-by-step procedures with defined inputs and outputs, and flowcharts were presented
as the visual tool for representing them in a form that both technical and clinical audiences can
understand and evaluate. These skills matter because every clinical system embodies algorithmic
logic, and understanding that logic is essential for evaluating whether a system will behave

safely in clinical practice.

The programming concepts introduced in this Series form the vocabulary through which
algorithms are implemented. Symbolic names, variables, and constants allow programs to store
and manipulate clinical data; arrays make it possible to handle collections of related values
efficiently. Statement types provide the basic instructions of a program, assignment statements
store computed results, input and output statements connect the program to the clinical
environment, and control statements add the decision-making and repetition that allow programs
to handle the full complexity of real clinical data. Together, these concepts prepare you to
understand, evaluate, and communicate intelligently about the software systems you will use and

depend on throughout your clinical career.

Glossary of Terms

o Algorithm: a finite, definite, and effective set of step-by-step instructions for solving a

problem, with defined inputs and outputs.

e Array: a collection of variables of the same data type stored under a single name, each

accessed by its positional subscript or index.

o Assignment statement: a program instruction that evaluates an expression and stores the

result in a named variable; written as variable = expression.



Compiler: a program that translates all source code into machine code before execution,

producing a standalone executable file.
Constant: a named value that does not change during program execution.

Control statement: a program instruction that alters the default sequential execution of

statements, enabling decisions (IF) and repetition (loops).

Flowchart: a diagrammatic representation of an algorithm using standardised symbols

and arrows to show the sequence and flow of steps.

Identifier: a symbolic name chosen by the programmer to represent a variable, constant,

or other program element.

Interpreter: a program that translates and executes source code one instruction at a time

without producing a separate machine code file.
Source code: human-readable text written by a programmer in a programming language.
Subscript: the numerical index used to access a specific element of an array.

Variable: a named memory location whose value can change during program execution.



Concept Check Questions 2
Objective questions

1. The three stages of problem solving in computing are problem , problem
analysis, and solution design. (Linked to SLO 2.1)

2. An algorithm must be finite, definite, effective, and must have defined and
output. (Linked to SLO 2.2)

3. In aflowchart, a shape represents a decision point where the flow branches
based on a true/false condition. (Linked to SLO 2.2)

4. A is a named value that does not change during program execution, while a
variable can change value as the program runs. (Linked to SLO 2.3)

5. An is a collection of variables of the same data type stored under one name and
accessed by a positional subscript. (Linked to SLO 2.3)

6. A loop repeats a block of code a fixed number of times, while a WHILE loop
repeats as long as a condition is true. (Linked to SLO 2.4)

Short-answer questions

7. Define an algorithm and state its five essential properties, using a simple clinical example
to illustrate. (Linked to SLO 2.2)

8. [Explain the difference between a constant and a variable in programming and give one
clinical example of each. (Linked to SLO 2.3)

9. Explain what a conditional statement (IF) and a loop are, and describe a clinical

computing context in which each would be used. (Linked to SLO 2.4)
Long-answer questions

10. Discuss problem solving in computing, covering problem definition, algorithms, and
flowcharts, and explain their relevance to the design and evaluation of clinical software.

(Linked to SLOs 2.1, 2.2)



11. Describe the programming building blocks of variables, constants, arrays, and control

statements, and explain how each is used in a clinical computing application. (Linked to

SLOs 2.3, 2.4)

Answers to Concept Check Questions 2

Objective questions

A i

Definition.
Input.
Diamond.
Constant.
Array.
FOR.

Short-answer questions

7.

An algorithm is a finite, definite, and effective set of step-by-step instructions with
defined inputs and outputs for solving a problem. Five properties: finite (terminates after
a definite number of steps), definite (every step is precisely and unambiguously stated),
effective (every step can be executed with available resources), input (zero or more
starting values), output (one or more produced results). Clinical example: a paediatric
dose calculation algorithm takes weight as input, multiplies by 15 mg/kg, checks against
a 1000 mg maximum, and outputs the recommended dose; it terminates after a fixed
sequence of steps, every step is unambiguous, and the steps are executable with standard
arithmetic.

A constant is a named value that does not change during program execution; clinical
example: MAX PARACETAMOL DOSE = 1000 (the maximum single adult dose in

milligrams, fixed by clinical guideline). A variable is a named memory location that can



change value as the program runs; clinical example: patientWeightKg stores the body
weight of the current patient, which differs for each patient processed and may be
updated if a revised weight is entered.

9. A conditional statement (IF) tests a logical condition and executes different code
depending on whether the condition is true or false; clinical example: IF calculatedDose
> MAX DOSE THEN set dose to MAX DOSE, ensuring the output never exceeds the
safe limit. A loop repeats a block of code; clinical example of a FOR loop: processing
each of a patient ten most recent blood pressure readings in turn to calculate the average,

with the loop body executing once for each reading.

Long-answer questions
10. Basic response

Problem solving in computing proceeds through three stages: problem definition (stating
precisely what the problem is, its inputs, and its required outputs), problem analysis (identifying
the logical steps that transform inputs into outputs), and solution design (representing the
solution as an algorithm or flowchart before writing code). An algorithm is a finite, definite,
effective set of steps with defined inputs and outputs. Flowcharts represent algorithms visually
using standard symbols: ovals for start/end, rectangles for processes, diamonds for decisions,
parallelograms for input/output, and arrows for flow. In clinical software development, these
tools allow clinical teams to review system logic before it is coded: a flowchart of a sepsis alert
algorithm can be reviewed by physicians to verify that the clinical logic is correct. Errors at the
problem definition stage produce programs with incorrect behaviour regardless of coding quality.
Understanding these concepts allows clinicians to participate meaningfully in the specification

and validation of clinical systems.

10. Value-added response

The most important implication of problem solving concepts for the clinician is that software

validation is fundamentally a clinical responsibility, not a technical one. A programmer can



correctly implement an algorithm that is clinically wrong. If the problem definition specifies a
paediatric weight-based dose using pounds rather than kilograms and the clinical team does not
review this at the specification stage, the program will be technically correct but clinically
dangerous. Flowcharts exist precisely to bridge this gap: they allow clinical reviewers without
programming knowledge to trace the logical path through a proposed algorithm and identify
steps that are missing, incorrect, or clinically inappropriate. Every clinician who uses software
systems has an implicit professional obligation to understand enough about how those systems

are designed to evaluate whether their clinical logic is sound.

11. Basic response

Variables are named memory locations whose values change during execution; they hold clinical
data such as patient weight, calculated dose, and measured blood glucose. Constants are named
values that do not change; they hold fixed clinical parameters such as maximum safe doses or
unit conversion factors. Arrays hold collections of same-type values under one name with
element access by subscript; they efficiently represent repeated measurements such as a series of
blood pressure readings or a list of current medications. Assignment statements store computed
results in variables (doseMg = weightKg * 15). Input statements receive data from users,
devices, or files; output statements present results to screens, printers, or connected systems.
Control statements alter sequential execution: IF statements implement clinical decision rules (if
dose exceeds maximum, cap it); FOR loops process every element of an array (calculate average
of ten readings); WHILE loops repeat until a condition changes (keep requesting valid input until
a value within a plausible range is entered). Together these building blocks allow programs to

represent the full complexity of clinical data processing.

11. Value-added response

The clinical significance of understanding arrays and control structures lies in what they make
possible. Without arrays, a program processing ten patient vital sign readings would require ten
separate variable declarations and ten separate calculations. With an array and a loop, the same

code processes ten readings or ten thousand readings, making the difference between a program



that works for one patient and one that runs as a real clinical system. Control structures are the
implementation of clinical decision logic: every guideline recommendation, every alert
threshold, every branching clinical pathway is ultimately implemented as a set of IF statements
and loops. When a clinical decision support system fires an alert inappropriately or fails to fire
when it should, the cause is almost always a flaw in the control logic: a condition coded
incorrectly, a threshold set to the wrong value, or a loop that processes data in the wrong order.
Understanding these concepts allows clinicians to ask precise, technically informed questions
when investigating system failures rather than accepting "the computer got it wrong" as a

sufficient explanation.

Answers to Pilot Questions 2

Part 2.1

1. Problem solving in computing is the process of analysing a task, breaking it into clearly
defined steps, and expressing those steps in a form a computer can execute. The three
stages are: problem definition (stating precisely what the problem is, what inputs are
available, and what output is required), problem analysis (identifying the logical steps
needed to transform inputs into the desired output), and solution design (representing the
solution in a structured form, typically an algorithm or flowchart, before writing code).

2. An algorithm is a finite, step-by-step set of instructions for solving a problem or
performing a computation. Five essential properties: finite (it terminates after a definite
number of steps), definite (every step is precisely and unambiguously stated), effective
(every step can be carried out with available resources), input (zero or more values are
provided at the start), output (one or more values are produced as a result).

3. Problem definition: the input is the child body weight in kilograms and age, and the
output is the recommended paracetamol dose in milligrams and volume in millilitres.
Problem analysis: the dose is calculated as weight multiplied by 15 mg/kg, with a
maximum single dose of 1000 mg; the volume is determined by the available

concentration. Solution design: a flowchart or algorithm is produced that takes weight as



input, calculates the dose, checks it against the maximum, and outputs the result; this is
completed before any code is written.

Oval or rounded rectangle: marks the start and end of the process. Rectangle: represents a
processing step or computation. Diamond: represents a decision point where the flow
branches based on a true/false condition. Parallelogram: represents an input or output
operation.

Flowcharts use standardised visual symbols that can be read without programming
knowledge. Clinical team members, including physicians, nurses, and pharmacists, can
trace the logical path through the proposed algorithm, identify steps that are missing or
incorrect, and flag clinically inappropriate logic before any code is written. This makes
flowcharts an essential communication tool between the technical developers and the

clinical users of a system.

Part 2.2

1.

A computer program is a set of instructions written in a programming language that tells
a computer what operations to perform, in what order, and on what data. Source code is
the human-readable text written by the programmer in a programming language such as
Python or Java. Machine code is the binary (0s and 1s) instruction set that the CPU can
directly execute; source code must be translated into machine code before or during
execution.

A compiler translates the entire source code program into a machine code file before any
part of it is executed; the result is a standalone executable that can be run without the
original source code. An interpreter translates and executes the source code one
instruction at a time, without producing a separate machine code file; the original source
code is needed every time the program is run. Compiled programs typically run faster;
interpreted programs are easier to test and modify incrementally.

A symbolic name (identifier) is a name chosen by the programmer to represent a variable,
constant, function, or other program element. Descriptive names matter in clinical

programming because the code may be reviewed or modified by someone other than the



original author, sometimes years later. A variable named patientWeightKg is immediately
understood; a variable named x is not. In clinical software, a misidentified variable
caused by a name that is too similar to another (e.g. doseAdult versus dosePaediatric)
could produce a dangerous error that is difficult to detect during testing.

A constant is a named value that does not change during program execution; clinical
example: DOSE PER KG = 15 represents the fixed milligrams per kilogram for
paracetamol dosing; if the guideline changes, only this constant needs updating. A
variable is a named memory location whose value changes as the program runs; clinical
example: patientWeightKg holds the weight of the current patient being processed, which
is different for every patient and may be updated if a revised weight is entered.

An array is a collection of variables of the same data type stored under a single name,
with each element accessed by its subscript. A clinical situation where an array is more
useful: storing a patient ten most recent systolic blood pressure readings. Without an
array, ten separate variables (sbp1 through sbp10) would be needed, and calculating the
average would require ten separate additions. With an array sbp[10], a single loop
processes all ten values, and the same code works for any number of readings simply by

changing the array size.

Part 2.3

1.

A statement is the fundamental unit of a program: a single complete instruction that the
computer can execute. An assignment statement evaluates the expression on the right-
hand side and stores the result in the variable named on the left-hand side. The equals
sign in an assignment statement means store, not mathematical equality: doseMg =
bodyWeightKg * 15 means calculate the product of bodyWeightKg and 15 and store the
result in doseMg.

Clinical example: doseMg = bodyWeightKg * 15. Here, doseMg is the variable receiving
the result (the calculated paracetamol dose in milligrams); bodyWeightKg is the variable

holding the patient weight; 15 is the dose per kilogram constant; and * is the



multiplication operator. When the CPU executes this statement, it reads the current value
of bodyWeightKg, multiplies it by 15, and stores the product in doseMg.

. An input statement allows a program to receive data from an external source. Two
clinical computing input sources: a nurse typing a patient body weight at a keyboard
(keyboard input), and a bedside glucometer transmitting a blood glucose reading
automatically to the clinical system via a network or serial interface (device input).

The design of output statements matters for patient safety because even a correctly
calculated value can cause harm if it is displayed ambiguously. A dose displayed as "1.0
mg" where the leading decimal might be missed, producing "10 mg" on a handwritten
transcription, is a well-documented source of medication errors. Clinical output
statements should therefore include explicit units, appropriate decimal precision, clear
variable labelling, and formatting that minimises the risk of misreading.

IF statement (conditional): tests a condition and executes different code depending on the
result; clinical example: IF calculatedDose > 1000 THEN set calculatedDose to 1000,
capping the dose at the maximum safe value. FOR loop: repeats a block of code a fixed
number of times; clinical example: process each of the ten elements of a blood pressure
array in turn to calculate the mean. WHILE loop: repeats as long as a condition remains
true; clinical example: keep requesting a patient weight entry until the value entered is

within a plausible range (e.g. between 1 and 300 kg).
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Introduction

When a pharmacist looks up a drug interaction in a clinical database, the system behind that
lookup is working with carefully typed data: the drug name is stored as a text string, the dosage
as a decimal number, the allergy flag as a true/false value, and the patient record as a structured
collection of all these elements together. The language in which that system is written, and the

way its data is organised, determine how reliably and efficiently it performs, whether it can



handle edge cases such as an unusual patient weight or a drug name with a non-standard spelling,

and whether a data entry error will be caught or silently propagate into a clinical decision.

The aim of this Series is to introduce you to the landscape of programming languages, the
fundamental data types that programs work with, and the data structures that organise clinical

information for reliable storage and retrieval.

We shall commence by examining the levels of programming languages, from machine code to
modern high-level languages, and introduce BASIC as a foundational example. Next, we will
explore the core data types that every program uses: integers, real numbers, characters, Booleans,
and strings, and examine how structured types such as records and files represent the complex,
multi-field data of clinical practice. Finally, we will close by examining how clinical programs
validate data, sort and search it efficiently, and represent health information using standardised

coding systems.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 3.1 describe the levels of programming languages and explain the characteristics of
BASIC and other languages relevant to clinical computing,

e SLO 3.2 define the core data types used in programming and explain the role of records
and files as structured data types,

e SLO 3.3 explain the importance of data validation and error handling in clinical
programs, and

e SLO 3.4 describe sorting and searching algorithms and explain how standardised health

data coding systems represent clinical information.



3.1 Programming Languages
3.1.1 Levels of programming languages

Programming languages exist at different levels of abstraction from the hardware they ultimately
control. At the lowest level is machine code: the binary (0 and 1) instructions that the CPU
directly executes. Machine code is processor-specific, extremely difficult for humans to read or
write, and rarely used directly. One step above this is assembly language, which replaces binary
instructions with short mnemonic codes (such as ADD, MOV, and JMP) that correspond directly
to machine instructions and are translated by a program called an assembler. Assembly language

is still processor-specific and low-level, but it is at least human-readable.

High-level languages are designed to be readable and writable by humans, using vocabulary and
syntax that abstract away the details of the underlying hardware. A single high-level language
statement may translate into many machine code instructions. Examples include BASIC,
FORTRAN, COBOL, C, Python, Java, and SQL. High-level languages are either compiled into
machine code before execution or interpreted at runtime. The advantage of high-level languages
for clinical computing is that they allow programmers to focus on the clinical logic of the
problem rather than the technical details of the hardware, making programs easier to write, read,

maintain, and validate.

Fill in the blank: language uses short mnemonic codes that correspond directly to
machine instructions and is one level above machine code, while high-level languages abstract

away hardware details entirely.
3.1.2 Introduction to BASIC programming

BASIC (Beginners All-purpose Symbolic Instruction Code) was developed in 1964 at
Dartmouth College by John Kemeny and Thomas Kurtz with the explicit goal of making
programming accessible to students and non-specialists. It uses simple, English-like syntax and
was the dominant language on early personal computers in the 1970s and 1980s. A simple
BASIC program reads a patient weight, calculates a paracetamol dose, and prints the result using

just a handful of commands: INPUT, LET, IF, PRINT, and END. This simplicity made BASIC



an effective teaching language, and its structure illustrates the fundamental concepts of
sequential execution, input/output, and conditional logic that apply to all programming

languages.

Modern variants of BASIC, most notably Visual Basic (developed by Microsoft), have extended
the language with object-oriented features and graphical interface tools, and Visual Basic has
been used to build administrative and clinical applications in hospital settings. While BASIC is
not the language in which most modern clinical systems are written (Python, Java, C#, and SQL
dominate contemporary clinical computing), understanding its structure provides a clear and
readable introduction to the essential elements of any program: declarations, input, processing,
decision-making, and output. The concepts learned in BASIC transfer directly to understanding

more complex clinical systems.

Fill in the blank: BASIC stands for Beginners All-purpose Instruction Code; it was
designed to make programming accessible and uses simple English-like syntax including

commands such as INPUT, LET, IF, PRINT, and END.
3.1.3 Other languages relevant to clinical computing

Several programming languages are particularly important in the clinical computing
environment. Python has become the dominant language for data analysis, machine learning,
and clinical research computing because of its readable syntax, vast library ecosystem, and
strong support for statistical and scientific computation. Clinical researchers use Python to
analyse electronic health record datasets, build predictive models, and process genomic data.
SQL (Structured Query Language) is not a general-purpose programming language but a
specialised language for creating, querying, and manipulating relational databases; since virtually
all clinical data ultimately lives in a database, SQL is arguably the most clinically important

language that medical students should understand at a conceptual level.

Java and C# are widely used to build the server-side components of hospital information
systems and electronic health record platforms; their object-oriented structure makes them well-
suited to large, complex systems that must be maintained and extended over many years. R is a

language specifically designed for statistical analysis, widely used in clinical and



epidemiological research. HL7 FHIR (Fast Healthcare Interoperability Resources) is a standard

that defines how clinical data is structured and exchanged between different health information

systems; while not a programming language in the traditional sense, understanding FHIR is

essential for anyone involved in health informatics or digital health development.

Fill in the blank:

is a specialised language for creating, querying, and manipulating

relational databases; since clinical data is stored in databases, it is one of the most clinically

relevant languages for health informatics.
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Figure 3.1: Levels of programming languages and their clinical relevance

Pilot questions 3.1

1.

Describe the three levels of programming languages and explain the main difference

between them.



2. Explain what BASIC stands for and describe the goal for which it was designed.

3. Name four high-level programming languages used in clinical computing and state one
clinical application of each.

4. Explain what SQL is and why it is particularly relevant to clinical computing.

5. Explain why understanding high-level programming concepts is useful for clinicians even

if they will never write code themselves.

3.2 Data Types and Data Structures

3.2.1 Data types: integers, reals, characters, and Booleans

Every value stored or processed by a program has a data type that defines what kind of value it
is and what operations can be performed on it. The four fundamental data types are: integer, a
whole number without a decimal point (e.g. patient age in years, ward bed number, tablet count);
real (or floating-point), a number with a decimal point used for values requiring fractional
precision (e.g. body weight in kilograms to one decimal place, serum creatinine in micromoles
per litre); character, a single letter, digit, or symbol (e.g. the letter M for male or F for female);
and Boolean, a value that is either true or false (e.g. is the patient allergic to penicillin? is the

result above the critical threshold?).

Choosing the correct data type matters for both correctness and safety. Storing a creatinine value
as an integer rather than a real would silently lose the decimal precision that determines whether
the value is within the normal range. Storing a Boolean allergy flag as a character (Y or N) rather
than a true Boolean introduces the risk that the program might encounter an unexpected value
such as y or Yes and behave incorrectly. In clinical computing, where data type errors can
produce wrong calculations or missed alerts, rigorous type discipline is a patient safety

requirement, not merely a programming convention.

Fill in the blank: A data type stores a value that is either true or false; in clinical
computing it is used for binary decisions such as whether a patient has a documented allergy or

whether a result exceeds a critical threshold.



3.2.2 Strings and string operations

A string is a sequence of characters treated as a single unit of data. Patient names, drug names,
diagnostic codes, and free-text clinical notes are all stored as strings. Strings are enclosed in
quotation marks in most programming languages to distinguish them from variable names and
numbers. Common string operations include concatenation (joining two strings: "John" +" " +
"Smith" produces "John Smith"), substring extraction (retrieving a portion of a string, e.g.
extracting the first three characters of an ICD-10 code to identify the disease category), length
(counting the number of characters in a string), and comparison (checking whether two strings

are identical, useful for matching drug names or patient identifiers).

String handling in clinical computing presents specific challenges. Patient names may contain
hyphens, apostrophes, or accented characters. Drug names may include Greek letters, numerals,
or specific capitalisation conventions. Free-text clinical notes may contain abbreviations, slang,
and non-standard spellings. String normalisation, the process of standardising strings before
comparison (converting all characters to the same case, removing extra spaces, replacing
abbreviations with full forms), is an important preprocessing step in clinical data analysis. In
electronic health record systems, inconsistent string formatting of drug names and diagnoses is
one of the most common sources of data quality problems that affect clinical decision support

performance.

Fill in the blank: is the string operation of joining two or more strings end to end; for

example, joining a patient first name, a space, and their surname to form a full name for display.
3.2.3 Structured data types: records and files

A record is a structured data type that groups together a set of related fields, each of a different
data type, under a single name. A patient record, for example, might contain: patientID (integer),
surname (string), dateOfBirth (date), gender (character), allergies (string), and currentDiagnosis
(string). This is the natural structure for representing a clinical entity because patients are not
single values but collections of related attributes. In most programming languages, records are

implemented as structs or objects; in databases they are represented as rows in a table.



A file is a collection of records stored together on secondary storage. A patient file would

contain all the patient records in a system, just as a physical filing cabinet contains individual

patient folders. Files can be organised in different ways. In a sequential file, records are stored

and accessed in the order they were entered. In a random access file (also called a direct access

file), any record can be reached directly using its position or a key value without reading through

all preceding records. Random access is essential for clinical systems: a physician who needs to

retrieve a specific patient record immediately cannot wait while the system reads through tens of

thousands of records sequentially.

Fill in the blank: A

file stores records that can be accessed in any order directly using

a key or position, making it essential for clinical systems where any patient record must be

retrievable without sequential scanning.
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Figure 3.2: Data types, records, and file structures in clinical computing

Pilot questions 3.2

1. Name the four fundamental data types and give one clinical example of each.

s




2. Explain why choosing the correct data type matters for patient safety in clinical
programs.

3. Define a string and name three string operations that are useful in clinical computing.

4. Define a record in programming and describe what fields a patient record might contain.

5. Distinguish between sequential and random access files and explain why random access

is essential in clinical systems.

3.3 Working with Data in Clinical Programs
3.3.1 Data validation and error handling

Data validation is the process of checking that data entered into a program meets specified
criteria before it is accepted for processing. In clinical computing, invalid data can cause
programs to crash, produce wrong results, or generate misleading alerts. Common validation
checks include: range checks (is the entered blood glucose value within a physiologically
plausible range?), type checks (is the value entered for body weight actually a number rather
than a text string?), format checks (does the date entered match the expected format
DD/MM/YYYY?), and consistency checks (is the gestational age entered consistent with the
date of last menstrual period provided?). Validation should occur as close to the point of data

entry as possible, before incorrect data is stored or used in calculations.

Error handling is the mechanism by which a program responds gracefully when something
goes wrong, rather than crashing abruptly. Well-designed clinical programs anticipate the errors
that are likely to occur (network connection lost, file not found, invalid value entered) and handle
them in a way that informs the user, logs the problem for investigation, and continues operating
safely. In a clinical context, a program that crashes when a network connection is interrupted and
loses the medication administration record it was in the process of saving is a patient safety risk.

Robust error handling is not optional in clinical software; it is a design requirement.



Fill in the blank: A check validates that an entered value falls within a physiologically
plausible range, such as confirming that an entered body temperature is between 30 and 42

degrees Celsius before accepting it.
3.3.2 Sorting and searching data

Clinical systems frequently need to present data in an organised order: patients sorted
alphabetically by surname for a clinic list, results sorted chronologically for a trend display, or
medications sorted by the time they are due for administration. Sorting is the process of
arranging a collection of items into a defined order. Common sorting algorithms include bubble
sort (repeatedly comparing adjacent elements and swapping them if they are in the wrong order,
simple but slow for large datasets), selection sort (finding the smallest remaining element and
placing it in position, one by one), and quicksort (a faster, divide-and-conquer approach suitable
for large clinical datasets). Modern programming languages and database systems include built-
in sorting functions so that clinicians writing simple scripts rarely need to implement sorting

algorithms from scratch.

Searching is the process of finding a specific item within a collection. Linear search examines
every item in the collection in turn until the target is found; it is simple but slow for large
datasets. Binary search is much faster but requires the data to be sorted first: it repeatedly
divides the collection in half and determines which half contains the target, converging on the
result in logarithmic time. In a clinical system containing thousands of patient records, the
difference between linear and binary search determines whether a record is retrieved in
milliseconds or minutes. Database systems use sophisticated indexing structures that achieve
even faster retrieval than binary search, which is why modern electronic health record queries are

nearly instantaneous even on very large datasets.

Fill in the blank: search requires the data to be sorted and repeatedly halves the search
space to find a target efficiently; it is much faster than linear search for large collections such as

patient databases.

3.3.3 Data representation and coding in health informatics



In health informatics, standardised coding systems ensure that clinical concepts are represented
consistently across different systems, institutions, and countries, enabling data sharing, research
aggregation, and clinical decision support. ICD-10 (International Classification of Diseases, 10th
revision) is the WHO system used globally to classify and code diagnoses; every disease,
symptom, and cause of death is assigned a unique alphanumeric code (e.g. J18.0 for lobar
pneumonia). SNOMED CT (Systematised Nomenclature of Medicine Clinical Terms) is a
comprehensive clinical terminology covering diagnoses, procedures, findings, and drugs, used in
electronic health records to enable structured clinical data entry. LOINC (Logical Observation
Identifiers Names and Codes) standardises the naming of laboratory tests and clinical

observations.

These coding systems solve a fundamental problem in clinical computing: the same clinical
concept may be expressed in many different ways in natural language. Pneumonia might be
documented as "pneumonia", "chest infection", "lower respiratory tract infection", or "LRTI"
depending on the clinician and the setting. Without a coding system, none of these can be
reliably identified by a computer as representing the same diagnosis. With ICD-10 or SNOMED
CT coding, all are mapped to the same code, enabling accurate audit, research, and population
health monitoring. For the Nigerian clinical context, the adoption of ICD-10 by the Federal

Ministry of Health makes familiarity with this coding system professionally relevant to every

clinician involved in clinical documentation or health system management.

Fill in the blank: -10 is the WHO international classification system that assigns
unique alphanumeric codes to every diagnosis, symptom, and cause of death, enabling consistent

representation of clinical data across institutions and countries.
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Figure 3.3: Data validation, sorting, and health informatics coding systems

Pilot questions 3.3
1.
2.
3.
efficient for large datasets.
4,
clinical computing.
5.

Name four types of data validation check and give a clinical example of each.

Describe bubble sort and binary search in simple terms and explain which is more

Explain why robust error handling is a patient safety requirement in clinical software.

Explain what ICD-10 is and describe why standardised coding systems are important in

Explain how SNOMED CT and LOINC differ from ICD-10 in their clinical applications.



Series Summary

This Series explored the landscape of programming languages and the data structures through
which clinical programs organise and manipulate information. Programming languages were
examined at three levels: machine code, assembly language, and high-level languages, with
BASIC introduced as a readable example of high-level language structure and Python, SQL,
Java, and R identified as the languages most relevant to contemporary clinical computing. The
data types underpinning all programs were described: integers, reals, characters, Booleans, and

strings, each with specific clinical applications and safety implications when incorrectly chosen.

Structured data types, including records and files, were shown to be the natural representation of
the complex, multi-field clinical data that characterises patient records and healthcare datasets.
The Series then examined three practical dimensions of working with clinical data: validation
and error handling as patient safety requirements, sorting and searching as the operations that
make clinical data accessible and usable at scale, and standardised health informatics coding
systems (ICD-10, SNOMED CT, LOINC) as the solution to the problem of representing clinical

concepts consistently across systems, institutions, and countries.

Glossary of Terms

e Assembly language: a low-level programming language using mnemonic codes that

correspond directly to machine instructions, one step above binary machine code.

o Binary search: a fast searching algorithm that repeatedly halves a sorted dataset to locate

a target, requiring the data to be sorted in advance.

e Boolean: a data type that holds only two values: true or false; used for binary clinical

decisions such as allergy flags.

o Data validation: the process of checking that entered data meets specified criteria before

it is accepted for processing or storage.



ICD-10: the WHO International Classification of Diseases 10th revision, assigning

unique codes to every diagnosis, symptom, and cause of death.

Integer: a whole number without a decimal point; used in clinical computing for values

such as age in years or tablet count.

LOINC: Logical Observation Identifiers Names and Codes; a standardised system for

naming laboratory tests and clinical observations.

Random access file: a file in which any record can be retrieved directly using a key or

position, without reading preceding records.

Real (floating-point): a data type storing numbers with decimal points; used for values

requiring fractional precision such as body weight or serum creatinine.

Record: a structured data type grouping related fields of different types under a single

name, representing a clinical entity such as a patient.

SNOMED CT: Systematised Nomenclature of Medicine Clinical Terms; a

comprehensive clinical terminology used in EHRs for structured clinical data entry.

SQL: Structured Query Language; a specialised language for creating, querying, and

manipulating relational databases.

String: a sequence of characters treated as a single unit; used to store patient names, drug

names, diagnostic codes, and free text.



Concept Check Questions 3

Objective questions

1. language uses short mnemonic codes corresponding to machine instructions

and sits between machine code and high-level languages. (Linked to SLO 3.1)

2. BASIC stands for Beginners All-purpose Instruction Code. (Linked to SLO
3.1)
3. A data type stores only true or false values; in clinical computing it is used for

binary decisions such as allergy flags. (Linked to SLO 3.2)

4. A is a structured data type that groups related fields of different data types
under a single name, representing an entity such as a patient. (Linked to SLO 3.2)

5. A check validates that an entered value falls within a physiologically plausible
range before it is accepted for processing. (Linked to SLO 3.3)

6. -10 is the WHO international classification system that assigns unique codes to

every diagnosis, symptom, and cause of death. (Linked to SLO 3.4)

Short-answer questions

7. Explain the three levels of programming languages and describe the main advantage of
high-level languages for clinical computing. (Linked to SLO 3.1)

8. Name the four fundamental data types and explain why choosing the correct type matters
in clinical programs. (Linked to SLO 3.2)

9. Explain what ICD-10, SNOMED CT, and LOINC are, and describe the problem they
solve for clinical computing. (Linked to SLO 3.4)

Long-answer questions

10. Discuss programming languages and data types as they apply to the development and
evaluation of clinical software systems. (Linked to SLOs 3.1, 3.2)
11. Discuss data quality, sorting, and health informatics coding in the context of safe and

effective clinical computing. (Linked to SLOs 3.3, 3.4)



Answers to Concept Check Questions 3

Objective questions

A e

Assembly.
Symbolic.
Boolean.
Record.
Range.
ICD.

Short-answer questions

7.

Machine code is the binary instruction set the CPU directly executes; it is processor-
specific and unreadable by humans. Assembly language replaces binary with mnemonic
codes corresponding to machine instructions; still processor-specific but more readable.
High-level languages use syntax close to human language, with single statements
translating to many machine instructions. Advantage for clinical computing: high-level
languages allow programmers to focus on the clinical logic of the problem rather than
hardware details, making programs easier to write, read, validate, and maintain, which is
critical for systems used in patient care.

Integer: whole number without decimal (e.g. patient age). Real/float: number with
decimal precision (e.g. body weight in kg). Character: single letter, digit, or symbol (e.g.
M or F for gender). Boolean: true or false (e.g. allergy present). Choosing the correct type
matters because an integer cannot represent a value requiring decimal precision
(creatinine stored as integer loses clinical significance), and an imprecise type can cause
wrong calculations or missed safety alerts; in clinical programs, type errors are patient
safety issues.

ICD-10 is the WHO International Classification of Diseases 10th revision, assigning
unique alphanumeric codes to diagnoses, symptoms, and causes of death. SNOMED CT

is a comprehensive clinical terminology mapping clinical concepts (diagnoses,



procedures, findings, drugs) to structured codes used in EHRs. LOINC standardises the
naming of laboratory tests and clinical observations. Together they solve the problem of
natural language variability: the same diagnosis described in different words by different
clinicians is mapped to the same code, enabling consistent audit, research aggregation,

decision support, and cross-institutional data sharing.

Long-answer questions
10. Basic response

Three language levels: machine code (binary, CPU-specific, human-unreadable), assembly
language (mnemonic codes, assembler-translated, still processor-specific), high-level languages
(human-readable, compiled or interpreted, hardware-independent). BASIC: Beginners All-
purpose Symbolic Instruction Code, 1964, simple syntax, taught programming fundamentals,
still used in legacy systems. Clinically relevant languages: Python (data analysis, machine
learning, clinical research), SQL (database querying, essential since all clinical data lives in
databases), Java/C# (EHR system development), R (statistical and epidemiological analysis),
HL7 FHIR (health data interoperability standard). Four fundamental data types: integer (whole
numbers, e.g. age), real/float (decimal numbers, e.g. weight, creatinine), character (single
symbol, e.g. gender code), Boolean (true/false, e.g. allergy flag). Strings: sequences of characters
for names, drug names, free text; string operations: concatenation, substring, length, comparison;
string normalisation needed for reliable matching. Records: structured types grouping related
fields of different types (patient record with ID, name, DOB, gender, allergies, diagnosis). Files:
sequential (in-order access) versus random access (direct retrieval by key, essential for clinical

systems).
10. Value-added response

The most important language concept for clinicians is SQL, not because they will write database
queries, but because understanding that clinical data is stored in relational tables and retrieved by

structured queries allows them to understand what is and is not possible with their clinical



systems. Every report a clinician requests from a hospital information system, every audit of
prescribing patterns, every research extract from an EHR database is ultimately a SQL query. A
clinician who understands that a query retrieves only the fields and records that match specified
criteria understands why a report may not include a patient whose record was not coded
correctly, or why a drug interaction alert did not fire if the drug was entered as free text rather
than selected from a structured list. This understanding transforms the clinician from a passive

user of clinical systems into an informed participant in their governance and validation.

11. Basic response

Data validation: range checks (physiologically plausible values), type checks (correct data type
entered), format checks (correct structural format), consistency checks (related fields are
consistent with each other); validation at point of entry before storage prevents incorrect data
from propagating into calculations and alerts. Error handling: programs must anticipate and
respond gracefully to errors (network failure, invalid input, file not found) rather than crashing;
in clinical computing, a crash during record saving is a patient safety risk. Sorting: bubble sort
(adjacent element comparison and swap, simple but slow), selection sort, quicksort (divide and
conquer, fast for large data); database systems use indexing for near-instantaneous retrieval.
Searching: linear search (examines all elements, slow for large data), binary search (halves sorted
data repeatedly, logarithmic time, fast); database indexes achieve even faster retrieval. Health
informatics coding: ICD-10 (disease classification), SNOMED CT (clinical terminology for
EHRs), LOINC (laboratory test identifiers); all solve the natural language variability problem by
mapping clinical concepts to unique codes; ICD-10 adopted by Nigerian Federal Ministry of
Health.

11. Value-added response

The data quality and coding issues addressed in this Series are among the most practically
significant for clinicians in Nigeria. An electronic health record system is only as useful as the
data it contains, and data quality depends on three things: validation at entry (preventing clearly

wrong values from being stored), coding discipline (using standardised codes rather than free



text for diagnoses and procedures), and error handling (ensuring that system failures do not
silently corrupt or lose clinical data). In the Nigerian context, where EHR adoption is uneven and
many facilities are transitioning from paper to digital records, these principles are especially
important because errors introduced during data migration or inconsistent coding practices
during early system use create data quality problems that compound over time and undermine the
clinical utility of the system. A clinician who understands ICD-10 coding will ensure their
diagnoses are recorded in a form that supports audit, research, and national health statistics; one
who does not will contribute to a dataset of free-text entries that cannot be reliably queried or

analysed.

Answers to Pilot Questions 3

Part 3.1

1. Machine code: binary (0 and 1) instructions directly executed by the CPU; processor-
specific, human-unreadable. Assembly language: uses short mnemonic codes
corresponding directly to machine instructions, translated by an assembler; still
processor-specific but human-readable. High-level languages: human-readable syntax
abstracting away hardware details; a single statement translates to many machine
instructions; hardware-independent. Main difference: each higher level abstracts further
from hardware, making programming easier and more productive but further from direct
machine control.

2. BASIC stands for Beginners All-purpose Symbolic Instruction Code. It was designed in
1964 by John Kemeny and Thomas Kurtz at Dartmouth College with the explicit goal of
making programming accessible to students and non-technical users through simple,
English-like syntax.

3. Python: data analysis and machine learning for clinical research datasets. SQL: database

querying for retrieving patient records and generating clinical reports. Java or C#:



building the server-side components of hospital information systems and EHR platforms.
R: statistical and epidemiological analysis of clinical trial and population health data.
SQL (Structured Query Language) is a specialised language for creating, querying, and
manipulating relational databases. It is particularly relevant to clinical computing because
virtually all clinical data is ultimately stored in relational databases; every patient record
lookup, clinical report, prescribing audit, and EHR data extract is implemented as a SQL
query. A clinician who understands SQL can communicate precisely about what data is
needed and why a query may not return the expected result.

Understanding high-level programming concepts helps clinicians evaluate whether a
clinical system is doing what it is supposed to do, communicate precisely with technical
teams about system requirements and errors, understand why a decision support system
fires an alert or fails to fire one, participate meaningfully in the specification and
validation of new clinical software, and recognise when a system output that seems

wrong may reflect a coding or logic error rather than an unexplained clinical finding.

Part 3.2

1.

Integer: whole number without decimal; clinical example: patient age in years (35).
Real/float: number with decimal precision; clinical example: serum sodium 138.5
mmol/L. Character: single letter, digit, or symbol; clinical example: M (male) or F
(female) for a gender field. Boolean: true or false; clinical example: penicillinAllergy =
true for a patient with a documented penicillin allergy.

Choosing the correct data type matters for patient safety because the wrong type can
silently lose precision or allow invalid values to enter calculations. Storing creatinine as
an integer rather than a real number loses the decimal precision that determines whether a
value is within the normal range or represents renal impairment. Storing a Boolean
allergy flag as a character (Y or N) introduces the risk that unexpected values (y, Yes,
YES) cause the program to fail to recognise an allergy and miss an alert, with potentially

fatal consequences.



3. Astring is a sequence of characters treated as a single data unit, used to store patient
names, drug names, diagnostic codes, and free-text clinical notes. Three clinically useful
string operations: concatenation (joining a patient first name, space, and surname to form
a full name for display); substring extraction (retrieving the first three characters of an
ICD-10 code to identify the disease category); comparison (checking whether two drug
names are identical to detect duplicate prescriptions).

4. Arecord is a structured data type that groups together a set of related fields, each of a
potentially different type, under a single name. A patient record might contain: patientID
(integer), surname (string), firstName (string), dateOfBirth (date), gender (character),
allergyFlag (Boolean), currentMedications (string), and primaryDiagnosis (string).
Together these fields represent the complete clinical entity of the patient rather than any
single isolated value.

5. Asequential file stores and accesses records in the order they were entered; to find a
specific record, every preceding record must be read in order. A random access (direct
access) file allows any record to be retrieved directly using its key or position without
reading preceding records. Random access is essential in clinical systems because a
physician retrieving a specific patient record in a busy clinic cannot wait while the system
reads through thousands of preceding records; the record must be available in

milliseconds.

Part 3.3

1. Range check: the entered blood glucose value must be between 2.0 and 30.0 mmol/L to
be physiologically plausible; values outside this range are rejected and the user is
prompted to re-enter. Type check: the field for body weight must contain a number; if the
user enters a text string such as "heavy", the program rejects it and requests a numeric
value. Format check: a date of birth must match the format DD/MM/YYY'Y; an entry of
"01-03-1990" is rejected. Consistency check: the stated gestational age must be consistent
with the date of last menstrual period provided; if they are incompatible, the program

flags the discrepancy.



2. Robust error handling is a patient safety requirement because clinical programs operate in
environments where unexpected events such as network failures, hardware faults, and
invalid inputs are routine. A program that crashes when a network connection is lost
during the saving of a medication administration record may lose that record, creating a
gap in the clinical record that could lead to a missed dose or duplicate administration. A
program that terminates without warning when it encounters an unusual input value
provides no indication to the clinician that a result is missing or unreliable. Well-designed
error handling informs the user of what went wrong, preserves existing data, logs the
error for investigation, and allows the system to continue operating safely.

3. Bubble sort repeatedly compares adjacent elements in a list and swaps them if they are in
the wrong order, continuing until no more swaps are needed; it is simple to understand
and implement but slow for large datasets because it may require many passes. Binary
search divides a sorted dataset in half repeatedly: it checks whether the target is in the
upper or lower half, discards the half that cannot contain it, and repeats until the target is
found. Binary search is far more efficient than linear search for large datasets; it finds a
record among one million entries in about twenty comparisons rather than potentially one
million.

4. 1CD-10 is the World Health Organisation International Classification of Diseases 10th
revision, which assigns a unique alphanumeric code to every recognised disease,
symptom, injury, and cause of death. It is important in clinical computing because it
provides a standardised code for every clinical concept regardless of how it is described
in natural language; lobar pneumonia is always J18.0 regardless of whether the clinician
writes "lobar pneumonia", "pneumococcal pneumonia", or "lower lobe consolidation".
This enables accurate clinical audit, research aggregation, epidemiological surveillance,
national health statistics, and cross-institutional data sharing.

5. ICD-10 is primarily a disease classification system designed for coding diagnoses and
causes of death, used for administrative, statistical, and billing purposes. SNOMED CT
(Systematised Nomenclature of Medicine Clinical Terms) is a more comprehensive
clinical terminology covering diagnoses, procedures, clinical findings, and drugs,
designed for use within electronic health records to enable structured clinical

documentation that is both human-readable and computer-processable. LOINC (Logical



Observation Identifiers Names and Codes) specifically standardises the identification of
laboratory tests and clinical observations, ensuring that a full blood count reported under
one name in one laboratory is recognised as the same test under a different name in

another, enabling reliable aggregation of laboratory data across institutions.



References and Attributions
Textual References

e Brookshear, J. G., & Brylow, D. (2018). Computer science: An overview (13th ed.).
Pearson.

e Shortliffe, E. H., & Cimino, J. J. (Eds.). (2014). Biomedical informatics: Computer
applications in health care and biomedicine (4th ed.). Springer.

o World Health Organisation. (2019). ICD-10: International statistical classification of
diseases and related health problems (10th revision). WHO Press.

e National Open University of Nigeria (NOUN). (2023). Computers in medicine course
material. NOUN Press.

Figures and Illustrations

e Figure 3.1: Levels of programming languages and their clinical relevance. Attribution: Al
generated.

o Figure 3.2: Data types, records, and file structures in clinical computing. Attribution: Al
generated.

o Figure 3.3: Data validation, sorting, and health informatics coding systems. Attribution:

Al generated.



Series 4: Database Management and File

Systems

« Part 4.1: Introduction to Databases
o Sub Part 4.1.1: What is a database and why does medicine need one?
o Sub Part 4.1.2: The relational database model
o Sub Part 4.1.3: Keys, relationships, and referential integrity
o Part 4.2: Database Management Systems
o Sub Part 4.2.1: What is a DBMS and what does it do?
o Sub Part 4.2.2: Creating and querying a database with SQL
o Sub Part 4.2.3: Database security and access control
o Part 4.3: File Systems and Clinical Data Storage
o Sub Part 4.3.1: File systems: organisation and management
o Sub Part 4.3.2: Storage technologies and clinical data volumes

o Sub Part 4.3.3: Data backup, recovery, and clinical governance

Introduction

When a clinician calls up a patient record and within seconds sees every admission, every result,
every prescription and every allergy from the past ten years, that instant access is the product of a
carefully designed database. The patient record did not arrive by chance; it was stored according
to a structure, indexed for rapid retrieval, protected by access controls, and backed up against the

risk of data loss. Understanding how databases are designed and managed is no longer optional



knowledge for healthcare professionals: it is fundamental to understanding why clinical
information systems work the way they do, what can go wrong with them, and how to use them

safely and responsibly.

The aim of this Series is to equip you with a clear understanding of database management and

file systems as they apply to the storage, retrieval, and governance of clinical data.

We shall commence by examining what a database is, why medicine needs one, and how the
relational model organises data into structured tables. Next, we will explore database
management systems, the software layer that controls access to the database, and introduce the
SQL commands used to create and query clinical data. Finally, we will close by examining file
systems, the storage technologies that underpin clinical data storage, and the governance

obligations of backup and data recovery that protect patient information.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 4.1 define a database, explain why the relational model is used in clinical
computing, and describe the role of keys and relationships,

e SLO 4.2 explain what a database management system does and describe the basic SQL
operations used to create and query a clinical database,

e SLO 4.3 explain the importance of database security and access control in clinical
systems, and

e SLO 4.4 describe file system organisation, clinical data storage technologies, and the

governance obligations of backup and data recovery.



4.1 Introduction to Databases

4.1.1 What is a database and why does medicine need one?

A database is an organised collection of structured data stored electronically so that it can be
easily accessed, managed, and updated. Before databases, hospitals kept patient information in
physical filing systems: paper records stored alphabetically or by admission date in filing
cabinets. These systems were slow to search, impossible to query across multiple records
simultaneously, prone to physical loss or damage, and could not be shared across departments or
sites. A database replaces this with a digital structure in which any authorised person can retrieve
any record instantly, run complex queries across thousands of records, and update information in

real time from multiple locations simultaneously.

Medicine generates and depends upon more data than almost any other human activity. A single
hospital admission may produce hundreds of data points: vital signs recorded multiple times
daily, dozens of laboratory results, imaging studies, drug administration records, clinical notes,
and discharge summaries. A patient with a chronic disease accumulates years of such data.
Multiply this by hundreds of thousands of patients and it becomes clear why the flat file
approach, in which all data is stored in a single large table like a spreadsheet, quickly becomes
unworkable: it is slow to search, prone to inconsistency when the same data appears in multiple
rows, and difficult to update without introducing errors. The database, and specifically the

relational database, was developed to solve precisely these problems.

Fill in the blank: A is an organised collection of structured data stored electronically
so that it can be quickly accessed, managed, updated, and queried across multiple records

simultaneously.
4.1.2 The relational database model

The relational database model, proposed by Edgar Codd in 1970, organises data into tables
(also called relations), each of which represents a specific entity such as patients, medications,
or laboratory results. Each table consists of rows (records representing individual instances of

the entity) and columns (fields representing the attributes of that entity). A Patients table would



have one row per patient, with columns for patientID, surname, firstName, dateOfBirth, and
gender. A Medications table would have one row per prescribed drug, with columns for

prescriptionID, patientID, drugName, dose, and frequency.

The power of the relational model lies in the ability to join tables: combining rows from two or
more tables based on a shared value to answer questions that span multiple entities. A query that
asks "which patients currently prescribed metformin have an eGFR below 30?" must join the
Patients table, the Medications table, and the LaboratoryResults table. This cannot be answered
from any single table; it requires the relational structure. The relational model also eliminates
data redundancy by storing each piece of information in only one place: the patient name is
stored once in the Patients table and referenced by all other tables through a unique identifier, so

a name change requires updating only one row.

Fill in the blank: The relational database model organises data into , each representing
a specific entity; rows represent individual instances and columns represent attributes of that

entity.
4.1.3 Keys, relationships, and referential integrity

Every table in a relational database must have a primary key: a column or combination of
columns whose value uniquely identifies each row. Patient IDs, prescription numbers, and
laboratory result identifiers are typical primary keys in clinical databases. The primary key
ensures that every record can be unambiguously retrieved and that no two records are
accidentally treated as the same entity. A foreign key is a column in one table that contains
values matching the primary key of another table, creating a link between the two. The
prescriptionID in a drug administration record links to the primary key of the Prescriptions table;

the patientID in the Prescriptions table links to the primary key of the Patients table.

Referential integrity is the rule that every foreign key value must match an existing primary key
value in the referenced table. A database enforcing referential integrity will refuse to create a
prescription record with a patientID that does not exist in the Patients table, preventing the kind
of orphaned records that leave clinical data in an inconsistent state. Relationships between tables

are classified as one-to-one (one patient has one unique NHS or hospital number), one-to-many



(one patient may have many prescriptions), or many-to-many (many patients may receive many
drugs; represented through a linking table). Understanding these relationships is fundamental to

understanding how clinical data is structured in any modern electronic health record system.

Fill in the blank: integrity is the database rule that every foreign key value must match
an existing primary key in the referenced table, preventing orphaned records and maintaining

data consistency.

CLINICAL DATABASE SCHEMA & JOIN QUERY
1 1

PK | PatientlD | INT 7 m PK | PrescriptionlD | INT = b +q PK | LabResultlD | INT
FirstName | VARCHAR FK | PatientID INT & |oo FK | PatientID INT %
LastName | VARCHAR & MedicationName | VARCHAR = TestName | VARCHAR
DOB DATE Dosage VARCHAR ResultValue | VARCHAR
Gender VARCHAR PrescribedDate | DATE TestDate DATE

DoctorlD INT Status VARCHAR

EXAMPLE SQL JOIN QUERY

SELECT P.FirstName, P.LastName, PR.MedicationName, LR.TestName, LR.ResultValue
FROM PATIENTS P

LEFT JOIN PRESCRIPTIONS PR ON P.PatientID = PR.PatientID

LEFT JOIN LABORATORYRESULTS LR ON P.PatientID = LR.PatientID

WHERE P.DOB >= '1980-01-01";

Figure 4.1: Relational database structure with clinical tables

Pilot questions 4.1

1. Define a database and explain why clinical medicine requires database technology rather
than flat-file storage.

Explain the relational database model and describe the role of rows and columns.
Explain what a primary key is and why every table must have one.

Explain what a foreign key is and describe how it creates a link between two tables.

A

Define referential integrity and explain its importance in a clinical database.



4.2 Database Management Systems
4.2.1 What is a DBMS and what does it do?

A database management system (DBMS) is the software layer that sits between users or
applications and the database itself, managing all access to, modification of, and retrieval from
the stored data. Users and programs do not interact directly with the raw data files; they send
requests to the DBMS, which interprets those requests, checks that the user has permission to
perform the requested operation, retrieves or modifies the data accordingly, and returns the
result. The DBMS also enforces the structural rules of the database: primary keys, referential
integrity, and data type constraints. Examples of widely used relational DBMS software include

MySQL, PostgreSQL, Microsoft SQL Server, and Oracle Database.

The DBMS provides several critical functions beyond simple data storage. Concurrency control
ensures that when multiple users access or modify the same data simultaneously, their changes
do not conflict or corrupt each other: if two nurses simultaneously attempt to update the same
medication administration record, the DBMS ensures only one update succeeds at a time.
Transaction management ensures that a series of related changes either all succeed or all fail
together: if a drug order entry involves writing to both the Prescriptions table and the
StockLevels table, and the system fails after writing one but before writing the other, the DBMS
rolls back both changes to maintain consistency. This property, known as atomicity, is essential

in clinical computing where partial updates can leave data in a dangerous inconsistent state.

Fill in the blank: management ensures that a series of related database changes either
all succeed or all fail together, preventing partial updates that could leave clinical data in an

inconsistent state.
4.2.2 Creating and querying a database with SQL

SQL (Structured Query Language) is the standard language for communicating with relational
databases. It has four main categories of commands. Data Definition Language (DDL)
commands create and modify the structure of the database itself: CREATE TABLE defines a
new table and its columns; ALTER TABLE modifies an existing table structure; DROP TABLE



removes a table entirely. Data Manipulation Language (DML) commands work with the data
stored in the tables: INSERT adds new records; UPDATE modifies existing records; DELETE
removes records; SELECT retrieves records. The SELECT statement is the most frequently used
SQL command in clinical computing because it is the means by which data is queried and

reported.

A basic SELECT statement has the form: SELECT columns FROM table WHERE condition.
For example, SELECT surname, dateOfBirth FROM Patients WHERE gender = "F" retrieves the
surnames and dates of birth of all female patients. Adding a JOIN clause links multiple tables:
SELECT surname, drugName FROM Patients JOIN Prescriptions ON Patients.patientID =
Prescriptions.patientID retrieves each patient name alongside every drug they have been
prescribed. These capabilities allow clinicians and administrators to generate audit reports,
identify patients due for screening, flag abnormal results, and extract research datasets directly

from clinical databases, without the need to manually review individual records.

Fill in the blank: The SQL statement retrieves data from one or more tables; in its
basic form it specifies which columns to return, which table to look in, and which condition the

returned records must satisfy.
4.2.3 Database security and access control

A clinical database contains some of the most sensitive personal information in existence.
Appropriate access control is therefore a legal requirement and a professional obligation, not
merely a technical convenience. Access control in database systems operates through user
authentication (verifying that the person requesting access is who they claim to be, through
passwords, biometric identifiers, or identity tokens) and authorisation (defining what operations
each authenticated user is permitted to perform). A ward nurse may be authorised to read and
update medication administration records for patients in their ward but not to read psychiatric
records; a clinical researcher may be authorised to run read-only queries on anonymised data but

not to modify any records.

Encryption protects data from being read by unauthorised parties even if they gain access to the

storage medium: data is stored in an unreadable form that can only be decoded with the correct



key. Audit trails record every access and modification to the database, including who accessed
what data, when, and what changes were made. Audit trails are required under Nigerian data
protection law and are essential for detecting unauthorised access, investigating data breaches,
and demonstrating compliance with governance requirements. In a clinical database, the audit
trail also provides a chronological record of who entered which clinical data and when, which is

important for medico-legal purposes.

Fill in the blank: trails record every access and modification to a clinical database,
including who accessed which data, when, and what changes were made, providing evidence for

security investigations and medico-legal review.
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SQL OPERATIONS: DDL & DML CLINICAL EXAMPLES

SQL CATEGORY COMMANDS CLINICAL EXAMPLE

CREATE CREATE TABLE Patients (PatientID INT PRIMARY KEY, ...);
ALTER ALTER TABLE Patients ADD COLUMN PhoneNumber VARCHAR(15);
DROP DROP TABLE Auditlogs;
SELECT SELECT * FROM Patients WHERE DOB < '1985-01-01';
INSERT INSERT INTO Visits (VisitID, PatientID, Diagnosis) VALUES (501, 104, 'Hypertension');
UPDATE UPDATE Medications SET Dosage = '10mg' WHERE MedName = 'Lisinopril';
DELETE DELETE FROM Appointments WHERE Status = 'Cancelled';

Figure 4.2: DBMS architecture and SQL operations

Pilot questions 4.2

1. Define a DBMS and explain two critical functions it provides beyond simple data
storage.

2. Explain what transaction atomicity means and give a clinical example of why it matters.



3. Explain the difference between DDL and DML commands in SQL and give one example
of each.

4. Write a simple SQL SELECT statement that would retrieve the names and dates of birth
of all patients over 60 years old.

5. Explain the difference between authentication and authorisation in database access

control.

4.3 File Systems and Clinical Data Storage

4.3.1 File systems: organisation and management

A file system is the software layer of an operating system that manages how files are stored,
named, organised, and retrieved on a storage device. Without a file system, storage would be a
formless collection of binary data with no means of identifying where one file ends and another
begins. The file system provides directories (also called folders) that organise files into a
hierarchical structure, like the folders and subfolders in a clinical document management system.
It also maintains metadata about each file: its name, size, type, creation date, last modified date,
and access permissions. This metadata allows users and programs to find, open, and manage files

efficiently.

In a clinical computing environment, file system organisation directly affects operational
efficiency and data security. A hospital imaging department might organise its PACS image files
in a directory structure by year, month, patient ID, and study type, so that any image can be
located quickly without searching through hundreds of thousands of files. File permissions
control who can read, write, or execute each file: in a shared clinical system, patient images
should be readable by the clinical team but writable only by the imaging system that created
them. The NTFS file system used by Windows and the ext4 file system used by Linux servers

both support fine-grained permissions essential for clinical data security.

Fill in the blank: A file system maintains about each file, including its name, size,

type, creation date, and access permissions, allowing files to be found and managed efficiently.



4.3.2 Storage technologies and clinical data volumes

Clinical data is among the most voluminous data generated by any human enterprise. A single
high-resolution CT scan may produce files of several gigabytes; a cardiac MRI with dynamic
sequences may be larger still. A hospital imaging department performs hundreds of studies per
day, and images must be retained for years under clinical governance requirements. Laboratory
results, electronic health record data, and video recordings from endoscopic procedures add
further to the storage burden. Understanding the technologies available for clinical data storage

and their relative strengths and limitations is therefore practically important.

Hard disk drives (HDDs) offer large capacity at low cost but are mechanically fragile. Solid-
state drives (SSDs) are faster and more robust but more expensive per gigabyte. Network-
attached storage (NAS) provides shared storage accessible to multiple systems over a network,
suitable for department-level file sharing. Storage area networks (SANs) provide high-
performance shared storage for enterprise applications such as hospital information systems.
Cloud storage offers virtually unlimited scalable capacity with anywhere-access and built-in
redundancy, and is increasingly used for both primary clinical data storage and off-site backup.
The choice between these technologies involves trade-offs between cost, speed, capacity,

reliability, and the compliance requirements of clinical data governance.

Fill in the blank: storage provides virtually unlimited scalable capacity with built-in
redundancy and anywhere-access, and is increasingly used for clinical data storage and off-site

backup.
4.3.3 Data backup, recovery, and clinical governance

Data backup is the process of creating copies of data so that the original can be restored if lost,
corrupted, or destroyed. In clinical computing, data loss is not merely an inconvenience; it
represents the loss of irreplaceable patient records that may be essential for safe ongoing clinical
care and for medico-legal purposes. Backup strategies are characterised by their frequency (how
often data is backed up), their scope (full backup of all data versus incremental backup of only
changes since the last backup), and the location of the backup copy (on-site for fast recovery

versus off-site or cloud-based for protection against local disasters such as fire or flooding).



Disaster recovery is the broader process of restoring normal system operation after a failure.
The key metrics are the recovery point objective (RPQO), which defines the maximum
acceptable amount of data loss measured in time (e.g. no more than four hours of data loss), and
the recovery time objective (RTO), which defines the maximum acceptable time the system
may be unavailable (e.g. no more than two hours of downtime). Clinical governance requires that
these objectives be formally defined, tested regularly, and met reliably. The Nigerian Health
Management Information System guidelines and data protection regulations place specific
obligations on healthcare institutions regarding the retention, protection, and recovery of patient
data, and clinicians in leadership and management roles must understand and enforce these

requirements.

Fill in the blank: The point objective defines the maximum acceptable amount of data
loss measured in time, while the recovery time objective defines the maximum acceptable

duration of system unavailability after a failure.
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Pilot questions 4.3

1. Define a file system and explain two functions it performs.

2. Explain why file permissions are important in a clinical computing environment.

3. Describe three storage technologies and state one clinical advantage and one limitation of
each.

4. Explain the difference between full and incremental backup and describe when each is
appropriate.

5. Define RPO and RTO and explain why both must be formally defined for a clinical

information system.



Series Summary

This Series examined the database and file system infrastructure that underpins clinical
information management. The relational database model was shown to solve the fundamental
problems of flat-file storage by organising data into structured tables, linked through primary and
foreign keys, with referential integrity maintaining consistency between related records. The
ability to join tables using SQL makes it possible to answer complex clinical queries that span
patients, prescriptions, and laboratory results simultaneously, enabling audit, research, and

decision support at a scale that no paper system could approach.

Database management systems were examined as the software layer that controls all database
access, enforcing permissions, managing concurrent users, and ensuring that transactions either
complete fully or are rolled back entirely to preserve data integrity. SQL was introduced through
its DDL and DML command categories, with the SELECT statement identified as the primary
tool for clinical data querying. The Series concluded with file systems and clinical data storage,
covering the range of storage technologies from HDDs to cloud, the governance requirements of
backup and disaster recovery, and the specific clinical implications of data loss for patient safety

and medico-legal accountability.

Glossary of Terms

e Atomicity: the database property ensuring that a group of related changes either all

succeed or all fail together, preventing partial updates.

e Audit trail: a chronological record of every access and modification to a database,

including who, what, and when.

o Backup: the process of creating copies of data for restoration if the original is lost,

corrupted, or destroyed.

e Concurrency control: the DBMS mechanism ensuring that simultaneous access by

multiple users does not cause conflicts or data corruption.



Database: an organised collection of structured data stored electronically for rapid

access, management, and querying.

DBMS (Database Management System): software that manages all access to and

modification of a database, enforcing structure, security, and integrity rules.

Foreign key: a column in one table whose values match the primary key of another table,

creating a link between them.

Primary key: a column or combination of columns whose values uniquely identify each

row in a table.

Recovery point objective (RPO): the maximum acceptable amount of data loss after a

failure, measured in time.

Recovery time objective (RTO): the maximum acceptable duration of system

unavailability after a failure.

Referential integrity: the database rule that every foreign key value must match an

existing primary key in the referenced table.

Relational database: a database organised into tables (relations) linked by keys,

allowing complex multi-table queries through joins.

SQL (Structured Query Language): the standard language for creating, querying, and

manipulating relational databases.



Concept Check Questions 4
Objective questions

I. A is an organised collection of structured data stored electronically for rapid
access, management, and querying across multiple records. (Linked to SLO 4.1)

2. In arelational database, a key uniquely identifies each row in a table, while a
foreign key links one table to another. (Linked to SLO 4.1)

3. integrity is the rule that every foreign key value must match an existing
primary key in the referenced table. (Linked to SLO 4.1)

4. management ensures that a group of related database changes either all
succeed or all fail together. (Linked to SLO 4.2)

5. The SQL statement retrieves data from one or more tables based on specified
columns and conditions. (Linked to SLO 4.2)

6. The recovery objective defines the maximum acceptable amount of data loss

measured in time after a system failure. (Linked to SLO 4.4)

Short-answer questions

7. Explain the relational database model and describe why the ability to join tables is
important in clinical computing. (Linked to SLO 4.1)

8. Explain what a DBMS does and describe two of its critical functions beyond data storage.
(Linked to SLO 4.2)

9. Explain the difference between RPO and RTO and describe why both must be defined for
a clinical information system. (Linked to SLO 4.4)

Long-answer questions

10. Discuss relational database design and SQL as they apply to the management of clinical

data, covering tables, keys, relationships, and querying. (Linked to SLOs 4.1, 4.2)



11. Discuss the governance of clinical data storage, covering storage technologies, backup
strategies, disaster recovery, and the implications of data loss for patient safety. (Linked

to SLOs 4.3, 4.4)

Answers to Concept Check Questions 4

Objective questions

1. Database.
2. Primary.

3. Referential.
4. Transaction.
5. SELECT.
6. Point.

Short-answer questions

7. The relational database model organises data into tables, each representing a specific
entity (patients, prescriptions, laboratory results). Rows represent individual records and
columns represent attributes. Tables are linked through primary and foreign keys. The
ability to join tables is critical in clinical computing because many important clinical
queries span multiple entities: identifying patients on a specific drug who also have a
renal function result below a threshold requires joining the Patients, Prescriptions, and
LaboratoryResults tables simultaneously. No single table contains all the needed
information, and the join makes it retrievable in a single query.

8. A DBMS is software that manages all access to and modification of a database. Two
critical functions: concurrency control ensures that simultaneous access by multiple users

does not cause data conflicts or corruption (e.g. two nurses updating the same medication



record simultaneously); transaction management ensures that groups of related changes
either all succeed or all fail together, preventing partial updates that leave data in an
inconsistent state (e.g. if a drug order must be written to both the Prescriptions table and
the StockLevels table, and the system fails between the two, both changes are rolled
back).

9. The recovery point objective (RPO) defines the maximum acceptable amount of data that
may be lost after a failure, measured in time: if the RPO is two hours, the backup system
must ensure that no more than two hours of data can be lost. The recovery time objective
(RTO) defines the maximum acceptable time the system may be unavailable: if the RTO
is four hours, the system must be restored to operation within four hours of a failure. Both
must be defined for a clinical system because data loss means loss of patient records that
may be essential for safe ongoing care and medico-legal accountability, and system

unavailability disrupts clinical operations with direct patient safety consequences.

Long-answer questions

10. Basic response

Relational model: data organised into tables (entities), rows (records), columns (attributes);
tables linked through primary keys (unique row identifiers) and foreign keys (linking to another
table primary key); referential integrity enforces that foreign key values match existing primary
keys. Relationships: one-to-one, one-to-many (one patient many prescriptions), many-to-many
(linking table required). Flat file problems solved: redundancy eliminated (patient name stored
once, referenced everywhere), inconsistency prevented, complex queries enabled through joins.
SQL DDL: CREATE TABLE (define structure), ALTER TABLE (modify), DROP TABLE
(remove). SQL DML: SELECT (retrieve), INSERT (add records), UPDATE (modify records),
DELETE (remove records). SELECT syntax: SELECT columns FROM table WHERE
condition; JOIN links tables on shared key. Clinical applications: audit queries (all patients on a
drug with low eGFR), research extracts, alert generation, population health reporting. DBMS

functions: concurrency control, transaction management (atomicity), access control, audit trails.



10. Value-added response

The clinical significance of understanding database joins and SQL is that it transforms the
clinician from a passive recipient of pre-built reports into someone who can ask precise,
clinically meaningful questions about their patient population. Every clinical audit, every quality
improvement project, and every research study based on electronic health record data depends on
someone being able to formulate the correct query. A clinician who understands that a query
retrieves only records meeting the specified criteria will also understand why a report may miss
patients whose data was entered in a non-standard way, or why an alert failed to fire for a patient
whose drug was prescribed under a different name than the one in the database. This
understanding is the difference between using clinical systems intelligently and using them

blindly.

11. Basic response

Storage technologies: HDDs (large capacity, low cost, mechanically fragile), SSDs (fast, robust,
expensive per GB), NAS (shared network storage, department-level access), SANs (high-
performance enterprise storage for HIS), cloud (scalable, redundant, anywhere-access,
compliance considerations). Clinical data volumes: single CT scan several GB, cardiology MRI
larger; hundreds of studies per day; years of retention required; multiplied by thousands of
patients creates petabyte-scale storage needs. File systems: organise files in hierarchical
directories; maintain metadata (name, size, type, dates, permissions); file permissions control
clinical data access by role. Backup strategies: full backup (all data, slow, storage-intensive,
complete recovery), incremental backup (only changes since last backup, fast, less storage,
slower recovery requiring all increments), differential backup (changes since last full, medium
speed and storage). Backup tiers: primary storage (active data), on-site backup (fast recovery,
local disaster risk), off-site/cloud (protected from local disaster, slower recovery). RPO:
maximum acceptable data loss in time. RTO: maximum acceptable downtime. Clinical

governance: data loss = loss of irreplaceable patient records; safety and medico-legal



implications; Nigerian Health Management Information System guidelines and data protection

regulations mandate formal RPO/RTO definition and testing.

11. Value-added response

The governance of clinical data storage is ultimately a clinical responsibility, not only a technical
one. When a hospital experiences a storage failure and patient records from the past 24 hours
cannot be recovered because the backup system had not been tested, the consequences fall on
patients: drug histories are unavailable, allergy records cannot be confirmed, and clinical
decisions must be made without complete information. A clinician in a management or clinical
governance role who does not understand RPO and RTO cannot meaningfully oversee or
challenge the adequacy of the hospital backup strategy. The principle that clinical data is as
important as any physical clinical asset, and that its loss constitutes a patient safety incident,

should inform how every clinical system is governed, funded, and maintained.

Answers to Pilot Questions 4

Part 4.1

1. A database is an organised collection of structured data stored electronically so that it can
be quickly accessed, managed, updated, and queried. Clinical medicine requires database
technology rather than flat-file storage because the volume and complexity of clinical
data is too great for flat files to manage efficiently: flat files cannot be queried across
multiple entities simultaneously, lead to redundancy and inconsistency when the same
data appears in multiple rows, and become prohibitively slow to search as data volumes
grow.

2. The relational database model organises data into tables, each representing a specific
entity. A row (record) represents one instance of that entity: one patient, one prescription,
or one test result. A column (field) represents one attribute of that entity: a patient table

column might hold the surname, date of birth, or gender of each patient. The model



allows tables to be linked through shared key values and queried together using join
operations.

A primary key is a column or combination of columns whose values uniquely identify
each row in the table. Every table must have one because without a unique identifier, two
records representing different patients with the same name, or two prescriptions for the
same drug, cannot be distinguished from each other. The primary key ensures that every
record can be unambiguously retrieved, updated, or deleted.

A foreign key is a column in one table that contains values matching the primary key of
another table, creating a link between them. In a clinical database, the Prescriptions table
contains a patientID column that matches the patientID primary key of the Patients table;
this link means that every prescription is associated with a specific patient record.
Without foreign keys, the data in different tables would be unconnected islands of
information.

Referential integrity is the database rule that every foreign key value must match an
existing primary key value in the referenced table. Its importance in clinical databases is
that it prevents orphaned records: a medication record that references a patientID which
does not exist in the Patients table cannot be linked to any patient, making it effectively
useless and potentially misleading. By enforcing referential integrity, the DBMS ensures

that all relationships between clinical data remain valid and consistent.

Part 4.2

1.

A DBMS is software that manages all access to and modification of a database, sitting
between users or applications and the stored data. Two critical functions beyond data
storage: concurrency control, which ensures that simultaneous access by multiple users
does not cause conflicting changes or data corruption; and transaction management,
which ensures that groups of related changes either all succeed or all fail together,
preventing the partial updates that leave clinical data in a dangerous inconsistent state.
Transaction atomicity means that a group of related database changes is treated as a

single indivisible unit: either all the changes succeed and are committed, or none of them



are applied and all are rolled back. Clinical example: when a new prescription is entered,
the system must write a record to the Prescriptions table and deduct the quantity from the
PharmacyStock table. If the system fails after writing to Prescriptions but before updating
PharmacyStock, the stock figure will be wrong. Atomicity ensures that if the second write
fails, the first is also undone, keeping both tables consistent.

DDL (Data Definition Language) commands define and modify the structure of the
database itself: CREATE TABLE defines a new table and its column names and data
types; ALTER TABLE modifies an existing table (adding a column, for example); DROP
TABLE removes a table. DML (Data Manipulation Language) commands work with the
data in the tables: SELECT retrieves records; INSERT adds new records; UPDATE
modifies existing records; DELETE removes records.

A simple SQL SELECT for patients over 60: SELECT surname, dateOfBirth FROM
Patients WHERE dateOfBirth <"1965-01-01". (Using today as approximately 2025,
patients born before 1965 are over 60. The exact date would be calculated at runtime in
practice.)

Authentication is the process of verifying that a user is who they claim to be, typically
through a password, biometric identifier, or security token. Authorisation is the process of
determining what operations an authenticated user is permitted to perform on the
database. Authentication asks "who are you?" and authorisation asks "what are you
allowed to do?" Both are required: authentication without authorisation would allow any
verified user to perform any operation, while authorisation without authentication would

have no way of knowing which user is making a request.

Part 4.3

1.

A file system is the software layer of an operating system that manages how files are
stored, named, organised, and retrieved on a storage device. Two functions: it provides a
hierarchical directory structure (folders and subfolders) that organises files logically so

users and programs can locate them efficiently; and it maintains metadata about each file



(name, size, type, creation and modification dates, permissions) that allows the system to
manage files without reading their full contents.

File permissions control who can read, write, or execute each file in a shared clinical
computing environment. They matter because clinical data is highly sensitive and access
must be role-appropriate: patient imaging files should be readable by the clinical team but
writable only by the imaging system; psychiatric records should be readable only by
mental health staff; audit logs should be readable by administrators but not modifiable by
anyone. Without file permissions, any user of the system could read, modify, or delete
any clinical file, which would violate patient confidentiality, data integrity, and clinical
governance requirements.

HDDs: large capacity at low cost; suitable for bulk storage of archival clinical data;
limitation is mechanical fragility and relatively slow access speed, making them
unsuitable where rapid retrieval of large imaging files is required. SSDs: fast and
mechanically robust; suitable for primary storage of active clinical databases where
access speed is critical; limitation is higher cost per gigabyte, making large-scale storage
expensive. Cloud storage: scalable capacity with built-in redundancy and anywhere-
access, suitable for off-site backup and for systems where clinical data must be accessed
from multiple locations; limitation is dependence on reliable internet connectivity and
compliance complexity around data sovereignty and privacy regulations.

A full backup copies all data in the system and provides a complete restore point, but it is
slow to perform and requires large storage capacity; it is appropriate for weekly or
monthly scheduled backups when a complete restore point is needed. An incremental
backup copies only the data that has changed since the last backup of any kind, making it
faster and less storage-intensive than a full backup; however, restoring from an
incremental backup requires the last full backup plus all subsequent incrementals, which
can be slow. Incremental backups are appropriate for daily or more frequent scheduled
backups between full backup cycles.

The recovery point objective (RPO) defines the maximum amount of data that can
acceptably be lost after a failure, measured as a time period: an RPO of two hours means
the system must be backed up at least every two hours so that no more than two hours of

data can ever be lost. The recovery time objective (RTO) defines the maximum time the



system can remain unavailable after a failure: an RTO of four hours means the system
must be restored to operation within four hours. Both must be formally defined for a
clinical information system because data loss means loss of patient records with direct
patient safety and medico-legal implications, and system unavailability disrupts clinical
operations. Without defined RPO and RTO, there is no basis for evaluating whether the

backup and recovery infrastructure is adequate.
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Introduction

The preceding Series of this course established the technical foundations of computing: how
computers work, how programs are written, how data is structured and stored. This final Series
brings all of that foundation together by showing how it is applied in the clinical environment

you are entering. Computers are no longer peripheral tools in medicine; they are embedded in the



diagnostic process, the prescription workflow, the communication between specialists, the
monitoring of critically ill patients, and the training of the next generation of clinicians.
Understanding these applications does not merely make you a more informed user; it makes you

a safer one.

The aim of this Series is to survey the major applications of computers in medicine and to equip
you with the conceptual understanding needed to use, evaluate, and advocate for digital health

tools in Nigerian clinical practice.

We shall commence by examining the clinical information systems that underpin institutional
healthcare delivery: electronic health records, hospital information systems, and laboratory and
imaging systems. Next, we will turn to clinical decision support and telemedicine, exploring how
computers actively assist clinical reasoning and extend care across geographic distances. Finally,
we will close by examining the role of computers in medical research and education, the
emerging applications of artificial intelligence in clinical medicine, and the specific opportunities

and challenges of digital health in the Nigerian context.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

e SLO 5.1 describe the functions of electronic health records, hospital information systems,
and laboratory and imaging information systems,

e SLO 5.2 explain what clinical decision support systems do and describe the applications
of telemedicine and remote patient monitoring,

e SLO 5.3 describe the use of computers in medical research and explain the current and
emerging applications of artificial intelligence in clinical medicine, and

e SLO 5.4 discuss the opportunities and challenges of digital health in Nigeria and describe

the future directions of computing in medical education and practice.



5.1 Clinical Information Systems
5.1.1 Electronic health records

The electronic health record (EHR) is the digital version of the patient clinical record, storing
all health information generated during a patient interaction with the healthcare system. A
comprehensive EHR contains demographic data, clinical history, current and past medications,
allergy records, laboratory results, imaging studies, clinical notes, discharge summaries, and
immunisation records, all linked to a unique patient identifier and accessible in real time to any
authorised clinician across any location within the system. This replaces the physical paper
folder that could only be in one place at a time, could be lost, damaged, or illegibly written, and

could not be searched, analysed, or queried.

The benefits of EHRs extend beyond convenience. Well-implemented EHR systems generate
automatic alerts when a prescribed drug interacts with an existing medication in the record,
when a critical laboratory value requires urgent action, or when a patient is overdue for a
scheduled review. They enable population health management by allowing queries across all
patients in the system: identifying every diabetic patient with a missing annual foot examination,
or every hypertensive patient whose last recorded blood pressure was above target. In the
Nigerian context, EHR adoption has been uneven: well-resourced teaching hospitals have
implemented systems of varying sophistication, while many primary and secondary facilities

continue to use paper records, creating gaps in information continuity that affect care quality.

Fill in the blank: A well-implemented EHR generates alerts when a prescribed drug
interacts with an existing medication, when a laboratory value is critical, or when a patient is

overdue for a scheduled clinical review.
5.1.2 Hospital information systems

A hospital information system (HIS) is an integrated software platform that manages the
administrative, clinical, and financial information needs of a hospital. It coordinates the flow of
information between departments: admissions and discharge, ward management, theatre

scheduling, pharmacy, laboratory, radiology, and billing are all handled through modules of the



HIS that share a common patient database. When a patient is admitted, their record is created
once and flows automatically through every department they interact with; the HIS eliminates

the need for the same demographic information to be entered repeatedly at each stop.

The architecture of a HIS typically consists of a central database server, departmental software
modules, and a network that connects clinical workstations, nursing stations, and diagnostic
equipment throughout the facility. Interoperability, the ability of different systems and modules
to exchange data reliably, is one of the most important and most challenging requirements of any
HIS. In Nigeria, HIS implementations face specific challenges: unreliable electricity requires
robust provision for uninterrupted power supply; network infrastructure in older hospital
buildings may be inadequate; and the large number of patients seen in major teaching hospitals
creates demands for system performance and concurrent user capacity that must be carefully

planned.

Fill in the blank: is the ability of different systems and software modules within a HIS
to exchange data reliably, enabling information to flow seamlessly between departments without

re-entry.
5.1.3 Laboratory and imaging information systems

The laboratory information system (LIS) manages the complete workflow of laboratory
testing: test ordering by clinicians, specimen collection and tracking, result entry by laboratory
scientists, quality control, and result reporting back to the ordering clinician. A well-
implemented LIS ensures that every ordered test is tracked from request to result, that critical
values are automatically flagged and communicated urgently, and that result trends for individual
patients can be displayed graphically over time. Integration between the LIS and the EHR means
that laboratory results appear automatically in the patient electronic record without manual re-

entry, eliminating a major source of transcription error.

Radiology information systems (RIS) manage the administrative workflow of the imaging
department: appointment scheduling, study tracking, report distribution, and billing. They work
alongside picture archiving and communication systems (PACS), which store, manage, and

transmit digital imaging data. PACS replaced physical X-ray films with digital images accessible



from any networked workstation in the hospital, enabling a clinician in the emergency
department to view a CT scan reported by a radiologist working remotely. In Nigeria, the
availability of digital imaging and PACS is concentrated in tertiary centres; many secondary and
primary facilities lack digital imaging capability, and teleradiology, in which images are sent
digitally to a remote reporting centre, offers a practical solution for extending specialist

radiology reporting to under-resourced facilities.

Fill in the blank: A archiving and communication system stores and transmits digital
imaging data, allowing radiological images to be viewed from any networked workstation and

enabling remote reporting by radiologists.
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Figure 5.1: Clinical information systems and their integration

Pilot questions 5.1

1. Define an EHR and describe three benefits it offers over a paper patient record.
2. Explain what automatic alerts in an EHR system do and give two clinical examples.

3. Define a hospital information system and explain the role of interoperability.



4. Explain what a laboratory information system does and describe how it improves patient
safety.
5. Explain what PACS is and describe how teleradiology extends specialist radiology

reporting in Nigeria.

5.2 Clinical Decision Support and Telemedicine

5.2.1 Clinical decision support systems

A clinical decision support system (CDSS) is software that analyses patient data and clinical
knowledge to provide clinicians with patient-specific, evidence-based guidance at the point of
care. CDSS functions range from simple alerts (warning of a drug-drug interaction) to complex
recommendations (suggesting a differential diagnosis based on a constellation of symptoms and
results, or recommending a specific antibiotic regimen based on local resistance patterns and
patient allergy status). Unlike a textbook or guideline, a CDSS applies the knowledge to the
specific patient data in front of the clinician in real time, without requiring the clinician to

perform the lookup and mental calculation themselves.

CDSS can be broadly categorised into passive (presenting information the clinician must
actively seek, such as drug information databases) and active (automatically analysing data and
generating alerts without the clinician requesting them, such as a sepsis alert that fires when vital
signs and laboratory results meet specified criteria). The main challenge with active CDSS is
alert fatigue: when alerts fire too frequently or for conditions that are rarely clinically
significant, clinicians begin dismissing them without reading them, defeating the purpose of the
system. Designing CDSS alerts that are specific enough to be actionable, rather than merely
sensitive, is one of the most important and most difficult challenges in clinical informatics. In the
Nigerian context, CDSS tools must be calibrated to local disease patterns and drug availability
rather than imported wholesale from high-income country settings where different epidemiology

and resources apply.



Fill in the blank: fatigue occurs when CDSS alerts fire too frequently or for conditions
rarely clinically significant, causing clinicians to dismiss alerts without reading them and

defeating the safety purpose of the system.
5.2.2 Telemedicine and remote care

Telemedicine is the delivery of clinical services across geographic distances using
telecommunications technology. It encompasses synchronous telemedicine (real-time video
consultations between patient and clinician), asynchronous telemedicine (store-and-forward
transmission of clinical data, images, or recordings for later review by a specialist), and remote
patient monitoring (continuous or periodic transmission of physiological data from a patient at
home or in a peripheral facility to a monitoring centre). Each modality addresses a different

clinical need and requires a different technical infrastructure.

For Nigeria, telemedicine is not a future aspiration; it is a present necessity. With specialist
clinical expertise concentrated in a small number of urban tertiary centres, and with millions of
Nigerians living far from the nearest specialist, telemedicine is potentially the most impactful
clinical computing application in the country. A patient in Adamawa State with suspected
cardiac disease can have an ECG transmitted digitally to a cardiologist in Abuja for
interpretation. A midwife in a rural health centre in Kebbi State can share an ultrasound image
with an obstetrician at a regional hospital for remote assessment. The barriers to broader
telemedicine adoption in Nigeria are primarily infrastructural: reliable electricity and internet
connectivity are prerequisites that many facilities still lack, and regulatory and reimbursement

frameworks for telemedicine services are still developing.

Fill in the blank: telemedicine involves real-time video consultation between patient
and clinician, while asynchronous telemedicine transmits clinical data for later review by a

specialist without requiring both parties to be online simultaneously.
5.2.3 Wearable devices and remote patient monitoring

Wearable devices are sensor-equipped electronic devices worn on the body that continuously or

periodically measure physiological parameters and transmit the data to a smartphone, tablet, or



clinical monitoring system. Consumer wearables such as smartwatches can measure heart rate,
blood oxygen saturation, step count, sleep patterns, and, in some models, detect atrial fibrillation
from a single-lead ECG. Clinical-grade wearables go further, measuring continuous blood
pressure, blood glucose, respiratory rate, and skin temperature, with the data transmitted in real

time to clinical monitoring platforms that alert clinicians when values exceed defined thresholds.

Remote patient monitoring (RPM) systems use wearable or home-based devices to collect
clinical data outside the hospital environment and transmit it to healthcare providers. This is
particularly valuable for patients with chronic conditions such as heart failure, hypertension, or
diabetes, where daily physiological trends determine the need for treatment adjustment between
clinic visits. In Nigeria, RPM faces the same infrastructural barriers as telemedicine but also
offers unique opportunities: community health workers equipped with tablet computers and
simple diagnostic devices can capture and transmit clinical data from remote communities,
extending the clinical reach of the health system far beyond the capacity of traditional facility-

based care.

Fill in the blank: patient monitoring uses wearable or home-based devices to collect
physiological data outside the hospital and transmit it to clinicians, enabling trend monitoring

and early intervention between clinic visits.
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Figure 5.2: Clinical decision support, telemedicine, and remote monitoring
Pilot questions 5.2

1. Define a clinical decision support system and distinguish between passive and active
CDSS.

2. Explain what alert fatigue is and describe its consequences for patient safety.

3. Explain the three modalities of telemedicine and give a Nigerian clinical example of
each.

4. Describe two specific clinical applications of telemedicine that could address healthcare
access gaps in rural Nigeria.

5. Explain what remote patient monitoring is and describe one chronic disease application in

the Nigerian context.



5.3 Computers in Research and Education

5.3.1 Computers in medical research

Computers have transformed the scale, speed, and scope of medical research. Statistical analysis
that would have taken months of manual calculation can now be performed in seconds, enabling
clinical trials to enrol larger numbers of patients, to collect more variables, and to apply more
sophisticated analytical methods than was previously possible. Statistical software packages
such as SPSS, Stata, SAS, and R provide clinician-researchers with tools for regression analysis,
survival analysis, meta-analysis, and complex modelling without requiring them to program the
underlying algorithms from scratch. Electronic data capture (EDC) systems allow research
data to be entered directly into a validated database at the point of collection, reducing

transcription errors and enabling remote monitoring of multi-site trials.

Bibliographic databases such as PubMed, Cochrane Library, Embase, and HINARI have made
the entire body of published medical literature searchable and accessible within seconds. The
ability to perform a systematic literature review, to track all publications on a specific clinical
question over decades, and to download and manage full-text articles digitally has accelerated
the pace of evidence synthesis and enabled the evidence-based medicine movement. Clinical
trial registries such as ClinicalTrials.gov and the WHO International Clinical Trials Registry
Platform ensure transparency by requiring prospective registration of trial protocols before
recruitment begins, preventing selective reporting of results. For Nigerian researchers, access to
HINARI, which provides free access to thousands of biomedical journals for researchers at

qualifying institutions in low-income countries, is a particularly important resource.

Fill in the blank: data capture systems allow research data to be entered directly into a
validated database at the point of collection, reducing transcription errors and enabling remote

monitoring of multi-site clinical trials.
5.3.2 Artificial intelligence and machine learning in medicine

Artificial intelligence (AI) in medicine refers to the use of computer algorithms to perform tasks

that would normally require human intelligence, including pattern recognition, prediction, and



recommendation. Machine learning (ML) is the dominant approach to Al in current clinical
applications: rather than being explicitly programmed with rules, machine learning systems learn
patterns from large datasets of examples, improving their performance as they are exposed to
more data. Deep learning, a form of machine learning using multi-layered neural networks
inspired by the structure of the brain, has produced particularly striking results in tasks involving

pattern recognition in images and sequences.

Clinical applications of Al that are already deployed or undergoing clinical evaluation include:
analysis of retinal photographs for diabetic retinopathy detection, achieving accuracy
comparable to trained ophthalmologists; detection of skin lesions from clinical photographs;
classification of pathological tissue samples from histological slides; interpretation of chest
radiographs for tuberculosis, pneumonia, and pulmonary nodules; early warning systems that
predict clinical deterioration from vital sign trends in electronic records; and natural language
processing tools that extract structured clinical information from free-text clinical notes. In the
Nigerian context, Al tools for chest X-ray interpretation and malaria diagnosis from blood slide
images are of particular relevance, given the high burden of tuberculosis and malaria and the

shortage of specialist radiologists and laboratory scientists.

Fill in the blank: learning is a form of machine learning using multi-layered neural
networks that has achieved clinical accuracy comparable to trained specialists in tasks such as

diabetic retinopathy detection and chest X-ray interpretation.
5.3.3 Computers in medical education and the future of digital health in Nigeria

Computers have transformed medical education at every level. Computer-based simulation
allows students to practise clinical skills on virtual patients and high-fidelity mannequins without
risk to real patients. Virtual reality (VR) platforms enable the practice of surgical procedures
and clinical examinations in immersive three-dimensional environments. E-learning platforms
such as the NOUN virtual learning environment deliver course content, assignments, and
assessments digitally, enabling distance learning that expands access to medical education

beyond the capacity of physical campus infrastructure. Video-based learning and clinical skills



apps allow students to review procedural techniques and clinical reasoning processes at any time

and in any location.

The future of digital health in Nigeria depends on resolving the infrastructural, regulatory, and
workforce challenges that currently limit adoption. Reliable electricity and internet connectivity
must be extended to health facilities at all levels. Data protection legislation must be
implemented and enforced to govern the use of patient data in digital health systems and Al
development. The clinical workforce must be trained not only to use digital tools but to evaluate
them critically: to ask whether an Al tool was validated on data representative of Nigerian
patients, whether its performance degrades in the local clinical environment, and whether its
recommendations are appropriate for the available resources. The clinician who graduates today
will practise through decades of further digital transformation; the conceptual foundations built
in this course are the starting point for a lifetime of informed engagement with an evolving

technology.

Fill in the blank: The future of digital health in Nigeria depends on extending reliable
and internet connectivity to all facility levels, implementing data protection legislation, and

training clinicians to evaluate digital tools critically rather than adopting them uncritically.



p
Al CLINICAL APPLICATIONS PIPELINE: W MM}
DEVELOPMENT & DEPLOYMENT (g SN i

(é B &mo'.ocv DIAGNOSIS ]
VALIDATION
CAUTION NOTE: USE CASE
T f*“:.,é"“s.,.m" )
ESSENTIAL TO ENSURE (e
G gl mmzs )
DEPLOYMENT.
1. DATA COLLECTION 2. MODEL TRAINING 3. CLINICAL 4. REGULATORY 5. CLINICAL [§ ‘ ]
& PREPARATION & DEVELOPMENT VALIDATION APPROVAL INTEGRATION "“""°R"‘°”R"°€
& TESTING & DEPLOYMENT
o
[ DIGITAL HEALTH IN NIGERIA: LANDSCAPE & ECOSYSTEM ]
INFRASTRUCTURE REGULATION & POLICY ‘ HEALTH WORKFORCE
((( 1)) OPPORTUNITIES: . OPPORTUNITIES: v‘ b OPPORTUNITIES:
panding mobile network coverage ~t * National Digital Health Strategy = Growing pool of young tech talent
Cloud adoption « Data privacy laws (NDPR) NIGERIA « Tele-training programs
Telehealth platforms ) > * Regulatory sandboxes > ﬂl&mli « Capacity building initiatives
A CHALLENGES: '\ ECOSYSTEM CHALLENGES: ECOSYSTEM CHALLENGES:
! N « Unstable power supply « Complex legal framework = Brain drain of skilled professionals
« Interoperability issues « Enforcement gaps + Digital literacy gap
» Last-mile connectivity & ™ - Bureaucracy « Resistance to change
8 7

Figure 5.3: Al in medicine and the digital health landscape in Nigeria

Pilot questions 5.3

1. Describe two ways computers have transformed medical research.

2. Explain what machine learning is and describe how it differs from traditional rule-based
programming.

3. Name three clinical applications of artificial intelligence that are particularly relevant to
the Nigerian disease burden.

4. Describe two applications of computers in medical education.

5. Identify three challenges that must be addressed for digital health to fulfil its potential in

Nigeria.



Series Summary

This final Series brought the technical foundations of the course to life by surveying the major
applications of computers in medicine. Clinical information systems, including EHRs, hospital
information systems, laboratory information systems, and PACS, were shown to form an
integrated infrastructure for clinical data management that replaces paper with real-time digital
access, eliminates transcription errors, and enables population-level queries. Clinical decision
support systems extend this further by applying clinical knowledge to individual patient data at
the point of care, while telemedicine and remote patient monitoring extend clinical reach across

geographic distances that would otherwise exclude rural populations from specialist expertise.

Computers in medical research have accelerated evidence generation through statistical software,
electronic data capture, and global access to bibliographic databases. Artificial intelligence,
particularly machine learning and deep learning, is producing tools that match or approach
specialist performance in image analysis, prediction, and clinical documentation, with
applications in tuberculosis and malaria diagnosis that are directly relevant to Nigeria. The Series
concluded by examining computers in medical education and the specific challenges and
opportunities of digital health in Nigeria: the infrastructural, regulatory, and workforce
conditions that must be met to realise the transformative potential of digital tools for Nigerian

patients and clinicians alike.

Glossary of Terms

o Alert fatigue: the tendency of clinicians to dismiss CDSS alerts without reading them

when alerts fire too frequently or for clinically insignificant conditions.

o Artificial intelligence (AI): the use of computer algorithms to perform tasks normally

requiring human intelligence, including pattern recognition and prediction.

o CDSS (Clinical Decision Support System): software that analyses patient data against
clinical knowledge to provide patient-specific, evidence-based guidance at the point of

care.



Deep learning: a form of machine learning using multi-layered neural networks,
producing strong performance in image recognition tasks such as radiology and

pathology.

EHR (Electronic Health Record): a digital patient record storing all clinical
information generated during healthcare interactions, accessible in real time to authorised

clinicians.

HIS (Hospital Information System): an integrated platform managing the
administrative, clinical, and financial information needs of a hospital across all

departments.

Interoperability: the ability of different systems to exchange data reliably, enabling

information to flow between departments and institutions without re-entry.

LIS (Laboratory Information System): software managing the complete laboratory

testing workflow from test ordering through result reporting.

Machine learning: a form of Al in which systems learn patterns from large datasets of

examples rather than being explicitly programmed with rules.

PACS (Picture Archiving and Communication System): a system for storing and
transmitting digital imaging data, enabling images to be viewed from any networked

workstation.

Remote patient monitoring (RPM): the use of wearable or home-based devices to

collect physiological data outside the hospital and transmit it to clinicians.

Telemedicine: the delivery of clinical services across geographic distances using

telecommunications technology.



Concept Check Questions 5

Objective questions

1. A well-implemented EHR generates alerts when a prescribed drug interacts
with an existing medication or when a laboratory value requires urgent action. (Linked to
SLO 5.1)

2. is the ability of different systems and modules within a HIS to exchange data
reliably without re-entry of information. (Linked to SLO 5.1)

3. A archiving and communication system stores and transmits digital imaging
data, enabling images to be viewed from any networked workstation. (Linked to SLO
5.1)

4. fatigue occurs when CDSS alerts fire too frequently, causing clinicians to
dismiss them without reading them. (Linked to SLO 5.2)

5. learning is a form of machine learning using multi-layered neural networks
that has matched specialist accuracy in tasks such as diabetic retinopathy detection.
(Linked to SLO 5.3)

6. The future of digital health in Nigeria depends critically on extending reliable electricity
and connectivity to health facilities at all levels. (Linked to SLO 5.4)

Short-answer questions

7. Describe three benefits of EHRs over paper records and explain one challenge of EHR
adoption in Nigeria. (Linked to SLO 5.1)

8. [Explain what alert fatigue is, describe its causes, and explain how it can be reduced
through better CDSS design. (Linked to SLO 5.2)

9. Describe three clinical applications of artificial intelligence that are particularly relevant
to the Nigerian disease burden and explain the key validation challenge for each. (Linked

to SLO 5.3)



Long-answer questions

10. Discuss clinical information systems and clinical decision support as they apply to
medical practice in Nigeria, covering EHRs, HIS, LIS, PACS, and CDSS. (Linked to
SLOs 5.1, 5.2)

11. Discuss the applications of artificial intelligence and telemedicine in medicine, with
particular reference to the opportunities and challenges in the Nigerian healthcare

context. (Linked to SLOs 5.2, 5.3, 5.4)

Answers to Concept Check Questions 5
Objective questions

1. Automatic.

2. Interoperability.
3. Picture.

4. Alert.

5. Deep.

6. Internet.

Short-answer questions

7. Three benefits of EHRs over paper: real-time access by multiple authorised users
simultaneously across departments; automatic alerts for drug interactions, critical values,
and overdue reviews; ability to query across all patients for population health
management. One Nigerian challenge: uneven adoption across facility levels means that
information continuity is disrupted when a patient moves between a tertiary centre with
EHR and a primary facility still using paper, undermining the main purpose of having a

digital record.



8. Alert fatigue is the tendency of clinicians to dismiss CDSS alerts without reading them,
which occurs when alerts fire too frequently or for conditions that are rarely clinically
significant. Causes include: alerts calibrated to high sensitivity at the expense of
specificity, generating large numbers of false positives; and failure to customise alert
thresholds to the specific clinical environment. It can be reduced through: careful
calibration of alert thresholds to maximise specificity in the local patient population;
differentiating alert severity so that only truly critical alerts require immediate action;
providing concise, actionable alert messages rather than lengthy justifications; and
regularly reviewing alert performance data to retire alerts that are consistently overridden.

9. Chest X-ray interpretation for tuberculosis: Nigeria has one of the highest TB burdens
globally and a severe shortage of specialist radiologists; Al tools that screen chest X-rays
for TB-suggestive changes could extend the reach of diagnostic capacity; validation
challenge: the tool must be trained and validated on X-rays from Nigerian patients, as
image characteristics may differ from training datasets drawn from high-income
countries. Al malaria diagnosis from blood slides: microscopy remains the gold standard
for malaria diagnosis but requires trained microscopists; Al image analysis of Giemsa-
stained slides could support or replace expert microscopy at peripheral facilities;
validation challenge: parasite density thresholds and species distribution in Nigerian
samples must be represented in the training data. Diabetic retinopathy screening: Nigeria
has a growing epidemic of type 2 diabetes with low rates of regular retinal screening; Al
retinal image analysis could enable primary care screening without specialist
ophthalmologists; validation challenge: retinal image quality from low-cost cameras in

resource-limited settings may be lower than that used in training.

Long-answer questions

10. Basic response

EHR: digital patient record containing demographics, clinical history, medications, allergies,

laboratory results, imaging, notes; real-time multi-user access; automatic alerts for drug



interactions, critical values, overdue reviews; population health queries; Nigerian context:
uneven adoption, tertiary centres most advanced, primary facilities often still paper. HIS:
integrated platform managing administrative, clinical, and financial information across all
hospital departments; patient record created once and flows through all departments; key
requirement is interoperability between modules; Nigerian challenges: electricity reliability,
network infrastructure, concurrent user capacity. LIS: manages laboratory workflow from test
ordering to result reporting; critical value flagging; integration with EHR eliminates transcription
errors; automatic trend display. PACS: stores and transmits digital imaging; images viewable
from any networked workstation; teleradiology extends specialist reporting to remote facilities.
CDSS: analyses patient data against clinical knowledge to provide patient-specific guidance;
passive (information on request) versus active (automatic alerts); clinical applications: drug
interaction alerts, sepsis early warning, guideline-based recommendations; alert fatigue as main
challenge; must be calibrated to local disease patterns and resource availability for Nigerian

settings.

10. Value-added response

The integrated architecture of clinical information systems reveals an important principle for
Nigerian health system development: each component is only as valuable as its integration with
the others. An EHR that does not receive automatic laboratory results from the LIS requires
manual transcription and loses much of its safety benefit. A CDSS that cannot access the full
medication list from the EHR cannot check for drug interactions reliably. A HIS that cannot
communicate with the LIS forces staft to enter patient demographics twice. The investment
required to implement any one of these systems is therefore not fully realised unless all are
implemented together and integrated properly. This has significant implications for how
healthcare digital investment should be planned and sequenced in Nigeria: point solutions for
individual departments will deliver less value than coordinated enterprise-wide implementations,

even if the latter are more complex and expensive to deploy initially.

11. Basic response



Telemedicine modalities: synchronous (real-time video consultation, e.g. cardiology
teleconsultation from rural facility to Abuja teaching hospital), asynchronous (store-and-forward,
e.g. teleradiology for X-ray reporting), remote patient monitoring (continuous vital signs or
blood glucose transmission for chronic disease management). Nigerian opportunity: specialist
expertise concentrated in urban tertiary centres; telemedicine extends reach to millions in rural
and remote communities. Nigerian barriers: electricity reliability, internet connectivity,
regulatory frameworks, reimbursement structures. Al and ML: machine learning learns from
large labelled datasets rather than explicit programming rules; deep learning uses multi-layered
neural networks for image recognition. Clinical Al applications relevant to Nigeria: TB chest X-
ray interpretation, malaria blood slide analysis, diabetic retinopathy screening, clinical
deterioration prediction, NLP for clinical note extraction. Validation challenge: tools trained on
non-representative data may perform poorly on Nigerian patients. Medical education: computer
simulation, VR surgical training, e-learning platforms, video learning, clinical skills apps. Future
digital health in Nigeria: infrastructure (electricity, connectivity), regulation (data protection,
telemedicine framework, Al governance), workforce (digital literacy, critical evaluation of Al
tools). Clinicians must ask: was this tool validated on Nigerian patients, does it perform
adequately with locally available data quality, are its recommendations appropriate for local

resources?

11. Value-added response

The most important contribution a Nigerian clinician can make to the digital health
transformation of their country is not to adopt every new technology uncritically but to ask the
right questions about each one. Al tools developed in high-income settings using patient data
from those settings may perform well in their validation environment and poorly in Nigeria,
where the patient population, disease mix, image quality, and clinical documentation practices
differ. The responsibility for ensuring that clinical Al is validated in the local environment before
deployment falls partly on regulators, partly on developers, and partly on the clinicians who
accept or reject these tools in practice. A clinician who understands machine learning well
enough to ask whether the training data represented the population being served, what the false

positive and false negative rates were in the validation study, and whether the study was



conducted in a comparable clinical environment, is equipped to make that evaluation. The course

you have just completed provides that foundation.

Answers to Pilot Questions 5

Part 5.1

1. Three benefits of EHRs over paper: real-time access by multiple authorised users
simultaneously from different locations and departments, compared to a paper record that
can only be in one place; automatic generation of drug interaction alerts, critical value
notifications, and overdue review reminders that paper systems cannot produce; the
ability to query across the entire patient population to identify groups needing specific
interventions, such as all diabetic patients with a missing annual HbAlc.

2. Automatic EHR alerts analyse patient data in real time and notify the clinician when a
specified condition is met, without requiring manual review. Two clinical examples: a
drug interaction alert fires when a clinician attempts to prescribe warfarin to a patient
already taking aspirin, displaying both drugs and the nature of the interaction before the
prescription is confirmed; a critical value alert fires when a laboratory result for a patient
returns with a potassium of 6.8 mmol/L, immediately notifying the responsible clinician
and requiring them to acknowledge the alert before continuing.

3. Ahospital information system is an integrated software platform managing the
administrative, clinical, and financial information needs of a hospital, with all
departments sharing a common patient database. Interoperability is the ability of different
systems and software modules within and between institutions to exchange data reliably.
It is important because without interoperability, patient demographic information must be
re-entered at each department, results must be manually transcribed into clinical records,
and information does not flow seamlessly between the HIS, LIS, PACS, and EHR
modules, creating gaps in the clinical record and opportunities for transcription error.

4. A laboratory information system manages the complete workflow of clinical laboratory

testing: clinicians enter test requests electronically, specimens are tracked from collection



to analysis, laboratory scientists enter or receive automated results, the system applies
quality control rules and flags critical values, and results are reported automatically to the
requesting clinician and into the patient EHR. Patient safety is improved by eliminating
manual transcription of results (a common source of error), automatically flagging critical
values that require urgent clinical action, and tracking every specimen so that no test is
lost or unreported.

5. PACS (Picture Archiving and Communication System) stores digital medical images and
transmits them to any authorised workstation on the hospital network, replacing physical
X-ray films that could only be viewed in one location. Teleradiology uses PACS and
network infrastructure to transmit imaging studies to radiologists at remote locations for
reporting; a secondary hospital in rural Nigeria with a functioning CT scanner but no on-
site radiologist can transmit CT images to a specialist radiology reporting centre in Lagos
or Abuja, receiving a formal report within hours rather than waiting days for a visiting

radiologist or transferring the patient.

Part 5.2

1. A CDSS is software that analyses patient data against a clinical knowledge base to
provide patient-specific, evidence-based guidance at the point of care. Passive CDSS
presents information the clinician must actively seek, such as a drug dosing reference or
differential diagnosis tool that the clinician opens and queries manually. Active CDSS
automatically analyses incoming patient data and generates alerts without the clinician
requesting them, such as a sepsis screening system that continuously monitors vital signs
and laboratory results and alerts the team when scoring criteria are met.

2. Alert fatigue is the tendency of clinicians to dismiss CDSS alerts without reading or
acting on them, because alerts fire too frequently or for conditions that are rarely
clinically significant. Its consequence for patient safety is that important alerts, such as a
genuine drug interaction or a critical laboratory value, may be dismissed along with the
inconsequential ones, removing the safety net the CDSS was designed to provide. When

clinicians learn from experience that the vast majority of alerts require no action, they



develop a habit of override that persists even when an alert genuinely requires immediate
response.

Synchronous telemedicine: real-time video consultation; Nigerian example: a patient with
suspected heart failure at a secondary hospital in Benue State has a video consultation
with a cardiologist at the University of Abuja Teaching Hospital, who reviews the history,
examination findings, ECG, and chest X-ray transmitted digitally and advises on
management. Asynchronous telemedicine: store-and-forward; Nigerian example: a health
worker at a rural primary health centre photographs a patient skin lesion and transmits the
image with clinical notes to a dermatologist who reviews and reports within 24 hours.
Remote patient monitoring: continuous physiological data transmission; Nigerian
example: a patient with hypertension after discharge uses a home blood pressure monitor
that transmits daily readings to their primary care clinician for remote monitoring and
drug adjustment.

Teleradiology: the vast majority of secondary hospitals in Nigeria lack on-site
radiologists; a telemedicine programme that connects functioning CT and MRI scanners
in these hospitals to a pool of specialist radiologists who report remotely would provide
formal radiological interpretation to patients who currently receive none, improving
diagnostic accuracy for stroke, cancer, and trauma without requiring radiologists to
relocate to under-served areas. Telecardiology: specialist cardiologists are almost
exclusively in major urban centres; a telecardiology service that allows ECGs,
echocardiogram images, and clinical histories from peripheral facilities to be reviewed
remotely would extend access to cardiac diagnosis and treatment recommendation to
patients across the country who currently have no realistic access to cardiology expertise.
Remote patient monitoring uses wearable or home-based devices to collect physiological
data outside the hospital and transmit it to healthcare providers. In the Nigerian context,
one practical application is monitoring of patients with hypertension after discharge from
hospital. Many Nigerian patients are prescribed antihypertensive medication but attend
clinic irregularly, and uncontrolled hypertension accumulates end-organ damage between
visits. A home blood pressure monitor that transmits daily readings via a basic mobile

phone to a community health worker or primary care clinician allows drug doses to be



adjusted remotely based on real trends, reducing the proportion of patients with

persistently uncontrolled blood pressure between clinic visits.

Part 5.3

1.

Two ways computers have transformed medical research: statistical software packages
(SPSS, Stata, R) perform complex analyses in seconds that would previously have
required months of manual calculation, enabling larger trials with more variables and
more sophisticated methods; electronic data capture systems allow research data to be
entered directly into validated databases at the point of collection, eliminating
transcription errors and enabling real-time remote monitoring of multi-site clinical trials.
Machine learning is a form of artificial intelligence in which a computer system learns to
perform a task by identifying patterns in large labelled datasets of examples, rather than
being explicitly programmed with rules for every possible situation. In traditional rule-
based programming, a programmer specifies every condition and corresponding action;
the program can only handle situations explicitly anticipated by its rules. A machine
learning system trained on thousands of chest X-rays labelled as normal or abnormal
learns the visual features that distinguish the two categories and can apply this learning to
new images it has never seen, including images that do not match any single rule it was
explicitly taught.

Chest X-ray interpretation for tuberculosis: Nigeria has one of the highest TB burdens
globally and a shortage of trained radiologists; Al tools for screening chest X-rays can
support case detection at peripheral facilities. Malaria parasite detection from blood slide
images: automated image analysis of Giemsa-stained blood films can support microscopy
diagnosis where trained microscopists are unavailable or overloaded. Diabetic
retinopathy screening: Al analysis of retinal photographs enables diabetic retinopathy
screening in primary care without specialist ophthalmologists, important given the
growing diabetes epidemic in Nigeria.

Computer-based simulation: students practise clinical skills including resuscitation,

airway management, and emergency scenarios on high-fidelity patient simulators without



any risk to real patients; errors become learning opportunities rather than patient safety
incidents. E-learning platforms: digital delivery of course content, assessments, and
interactive learning materials through platforms such as the NOUN virtual learning
environment enables distance education, extending access to medical education beyond
the physical capacity of campus infrastructure and allowing students to learn at times and
locations that fit their clinical schedules.

Reliable electricity: most digital health applications, from EHR workstations to
telemedicine platforms and remote monitoring devices, require reliable power; frequent
outages disrupt clinical systems at critical moments and damage equipment; extending
stable electricity supply to all health facilities is a prerequisite for digital health adoption.
Internet connectivity: telemedicine, cloud-based EHRs, and Al-assisted diagnosis all
require reliable broadband or mobile data connectivity; many rural facilities lack this, and
the digital divide between urban and rural healthcare compounds existing geographic
health inequalities. Data protection and Al governance: as patient data is collected
digitally at scale and used to train Al systems, regulatory frameworks are needed to
govern consent, data use, cross-border data sharing, and the liability for Al-generated
clinical recommendations; Nigeria is still developing these frameworks, and their absence

creates legal uncertainty that slows responsible adoption.
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