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Preface

This book is a collection of notes, providing a concise introduction to the human factors that influence
human-computer interaction. It is designed for university students studying human-computer interaction,

user experience design and does not have the goal to address a full accurate discussion on the topic.

The content focuses on core concepts and fundamental topics that explain how human perception,
memory, thinking processes, and cognitive biases affect the way people interact with technology. By
understanding these human elements, designers can create interfaces that work with—rather than

against—human capabilities and limitations.

Each chapter presents essential principles with clear explanations and practical implications for interface
design. The concepts covered in this textbook are drawn from cognitive psychology, neuroscience, and

human factors research, applied specifically to the context of human-computer interaction.

This condensed edition emphasizes definitions, key concepts, and direct applications to interface design,

providing a solid foundation for further study in the field.

The updated version of this content can be downloaded
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CHAPTER 1.

Introduction to Human-Computer Interaction

1.1. The Human Side of Interaction

Human-Computer Interaction (HCI) is a multidisciplinary field that studies the design and use of computer
technology, focusing on the interfaces between people and computers. At its core, HCI recognizes that
computers are tools created to extend human capabilities, and therefore must be designed with human

characteristics in mind.

The effectiveness of any interactive system depends on how well it accommodates human capabilities
and limitations. Unlike computers, humans have variable performance, are affected by emotions, and
possess both remarkable abilities and significant constraints. Understanding these human factors is

essential for creating interfaces that feel natural and intuitive.

1.2. Human Processing Model

A simplified model of human information processing includes four main components that parallel computer

architecture:

1. Input mechanisms (sensory systems): Eyes, ears, and other sensory organs that receive
information from the environment
2. Memory systems: Sensory memory, working memory, and long-term memory that store and
process information
Processor (brain): Interprets information, makes decisions, and initiates responses
Output mechanisms: Motor systems that execute actions (hands, voice, etc.)
This model helps designers understand how humans receive, process, and respond to information
presented through interfaces. Each component has specific characteristics that influence how interfaces

should be designed.
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1.3. Human Capabilities and Limitations

Humans possess remarkable capabilities that should be leveraged in interface design:

e Pattern recognition: Ability to quickly identify patterns and make sense of complex visual scenes
e Adaptability: Capacity to learn new systems and adjust to changing conditions
e Creativity: Ability to generate novel solutions and approaches

e Contextual understanding: Comprehension of nuance and implicit meaning

However, humans also have significant limitations:

e Attention constraints: Limited ability to focus on multiple tasks simultaneously
e Memory limitations: Restricted capacity to hold information in working memory
e Processing speed: Slower than computers for certain computational tasks

e Error-prone: Susceptible to mistakes, especially under stress or cognitive load

e Variability: Performance varies based on fatigue, motivation, and individual differences

1.4. Implications for Interface Design

Understanding human characteristics leads to several key principles for effective interface design:

e Design for human memory limitations: Minimize memory load by making information visible and

accessible

e Accommodate perceptual abilities: Present information in ways that align with human

perceptual strengths
e Support attention management: Organize information to help users focus on what's important
e Provide clear feedback: Help users understand system status and the results of their actions
e Allow for error recovery: Recognize that errors will occur and make them easy to correct

e Consider individual differences: Design for diversity in abilities, experience, and preferences

By centering design around human capabilities and limitations, interfaces become more intuitive, efficient,
and satisfying to use. The subsequent chapters will explore specific aspects of human perception,

memory, thinking, and biases that directly impact interface design decisions.
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CHAPTER 2.

Human Perception

2.1. Visual System

2.1.1. Eye Anatomy and Function

The human visual system begins with the eye, which captures light and converts it into neural signals.
Light enters through the cornea and pupil, with the iris controlling the amount of light admitted. The lens
focuses this light onto the retina, where photoreceptors (rods and cones) convert it into electrical signals

transmitted to the brain via the optic nerve.

Rods function primarily in low light conditions and provide peripheral vision, while cones enable color
vision and detailed central vision. The fovea, a small depression in the center of the retina, contains the

highest concentration of cones and provides our sharpest vision.

2.1.2. Color Perception and Limitations

Human color vision relies on three types of cone cells sensitive to different wavelengths of light (roughly
corresponding to red, green, and blue). This trichromatic vision allows us to perceive approximately 10

million different colors.
However, color perception has significant limitations:

e Color blindness: Affects approximately 8% of men and 0.5% of women, most commonly as red-
green color blindness
o Context dependence: The same color can appear different depending on surrounding colors

e Cultural variations: Color associations and naming conventions differ across cultures

These limitations have important implications for interface design, particularly for conveying critical

information, where color should never be the sole indicator.
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2.1.3. Visual Attention and Gestalt Principles

Visual attention is selective—we cannot process all visual information simultaneously. Instead, we focus

on specific elements while filtering others. This selection process can be:

e Bottom-up: Driven by stimulus properties (brightness, movement, contrast)

e Top-down: Guided by goals, expectations, and prior knowledge
Gestalt principles describe how we organize visual elements into groups or unified wholes:

e Proximity: Elements close to each other appear grouped

Similarity: Similar elements appear grouped

Continuity: Elements arranged in a line or curve appear connected

Closure: We perceive complete shapes even when parts are missing

Figure-ground: We distinguish objects (figures) from their background

2.2. Auditory System

2.2.1. Ear Anatomy and Function

The auditory system converts sound waves into neural signals through three main sections of the ear:

e Outer ear: Collects sound waves and channels them to the eardrum
o Middle ear: Three small bones (ossicles) amplify vibrations from the eardrum
e Inner ear: The cochlea contains hair cells that convert vibrations into neural signals sent to the

brain

2.2.2. Sound Properties: Pitch, Loudness, and Timbre

Sound has three primary perceptual characteristics:

e Pitch: Perception of frequency (measured in Hertz), determining how "high" or "low" a sound
seems

o Loudness: Perception of amplitude (measured in decibels), determining how "soft" or "loud" a
sound seems

e Timbre: Quality that distinguishes sounds of the same pitch and loudness (e.g., different

instruments playing the same note)
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2.2.3. Auditory Processing and Limitations

The auditory system has remarkable capabilities but also significant limitations:

e Frequency range: Humans typically hear frequencies between 20Hz and 20,000Hz
e Masking: Louder sounds can make it difficult to hear softer sounds
e Cocktail party effect: Ability to focus on one conversation in a noisy environment

e Age-related hearing loss: High-frequency hearing typically declines with age

2.3. Design Implications for Perception

Understanding human perception leads to several key design principles:

2.3.1. Visual Design Guidelines

e Use sufficient contrast: Ensure text and important elements stand out from backgrounds

e Don'trely solely on color: Always use secondary cues (patterns, labels, icons) alongside color
o Apply Gestalt principles: Group related items, use alignment and proximity to show relationships
e Direct attention: Use size, contrast, and movement to guide users to important elements

¢ Accommodate visual limitations: Provide text scaling options and follow accessibility guidelines

2.3.2. Auditory Design Guidelines

e Use sound selectively: Reserve auditory feedback for important notifications or confirmations
e Provide multimodal feedback: Accompany sounds with visual cues

e Consider frequency range: Design sounds within the optimal hearing range (500-4000Hz)

¢ Allow customization: Let users adjust or disable sounds

o Test with diverse users: Ensure auditory elements work for people with different hearing abilities

By designing with human perceptual capabilities and limitations in mind, interfaces become more intuitive,

accessible, and effective for all users.
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CHAPTER 3.

Human Memory

3.1. Memory Types and Processes

Human memory is not a single system but comprises multiple interconnected systems that work together
to encode, store, and retrieve information. Understanding these systems is crucial for designing interfaces

that align with how people naturally process information.

3.1.1. Sensory Memory

Sensory memory briefly holds sensory information after the original stimulus has ended:

e Iconic memory: Visual sensory memory, lasting approximately 0.5 seconds

e Echoic memory: Auditory sensory memory, lasting 2-4 seconds

This fleeting storage allows us to perceive continuous visual scenes and understand spoken language. In
interface design, sensory memory explains why brief visual feedback (like button highlights) can be

effective even when they disappear quickly.

3.1.2. Working Memory
Working memory (formerly called short-term memory) temporarily holds and manipulates information

needed for complex cognitive tasks. Key characteristics include:

e Limited capacity: Can hold approximately 4-7 chunks of information
¢ Limited duration: Information decays within approximately 20 seconds without rehearsal

e Active processing: Allows manipulation of information, not just storage
Working memory has multiple components:

¢ Phonological loop: Holds and processes speech-based information
e Visuospatial sketchpad: Holds and processes visual and spatial information

e Central executive: Controls attention and coordinates the other components

10
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Working memory limitations directly impact interface design—users cannot remember complex

sequences of steps or large amounts of information between screens.

3.1.3. Long-term Memory

Long-term memory stores information for extended periods—potentially a lifetime. It has:

e Virtually unlimited capacity
e Persistent duration

e Multiple types:
o Explicit memory: Conscious recollection (facts, events)
o Implicit memory: Unconscious memory (skills, habits)
o Semantic memory: General knowledge
o Episodic memory: Personal experiences

o Procedural memory: Skills and procedures

3.2. Memory Limitations and Cognitive Load

Despite its impressive capabilities, human memory has significant limitations:

e Encoding failures: Not all information we encounter gets stored in memory

e Retrieval failures: Stored information may be inaccessible when needed

¢ Interference: New information can disrupt existing memories

e Reconstructive nature: Memories are not exact recordings but reconstructions

o Cognitive load: Mental effort required for processing information
Cognitive load comes in three forms:

¢ Intrinsic load: Inherent complexity of the material
e Extraneous load: Unnecessary cognitive effort due to poor presentation

e Germane load: Productive effort that contributes to learning

Excessive cognitive load leads to errors, frustration, and abandonment of tasks.

11
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3.3. Design Principles for Memory Constraints

Effective interfaces work with human memory limitations rather than against them:

e Minimize memory load: Don't require users to remember information between screens
o Display necessary information where and when it's needed
o Use recognition rather than recall (menus vs. commands)
o Provide context and reminders
e Chunk information: Group related items to increase effective memory capacity
o Organize phone numbers as 555-123-4567 rather than 5551234567
o Group related controls and information
e Leverage existing knowledge: Connect new information to what users already know
o Use familiar metaphors and conventions
o Build on established patterns and standards
e Provide external memory aids: Help users offload memory requirements
o Offer persistent navigation cues showing location
o Implement history mechanisms and breadcrumbs
o Use autocomplete and suggestions
¢ Reduce cognitive load: Minimize extraneous processing
o Eliminate unnecessary information and decoration
o Present information in the most direct format

o Maintain consistency across the interface

By designing with memory limitations in mind, interfaces become more intuitive and require less mental

effort, allowing users to focus on their actual goals rather than struggling with the interface itself.

12



HCI Lessons Notes — The Human \//\ Radixia

CHAPTER 4.
Human Thinking

4.1. Reasoning and Problem Solving

Human thinking encompasses the mental processes we use to understand the world, make decisions,
and solve problems. In the context of human-computer interaction, understanding these processes helps

us design interfaces that align with how people naturally think.

4.1.1. Types of Reasoning

Humans employ several types of reasoning:

¢ Deductive reasoning: Drawing specific conclusions from general principles
¢ Inductive reasoning: Forming general conclusions from specific observations

e Abductive reasoning: Generating the most likely explanation from incomplete information

Problem solving involves applying these reasoning processes to overcome obstacles and achieve goals.

Common problem-solving strategies include:

e Trial and error: Testing different solutions until finding one that works

e Algorithm: Following a step-by-step procedure guaranteed to solve the problem
e Heuristic: Using rules of thumb or shortcuts that often (but not always) work

¢ Insight: Sudden understanding of a solution after a period of impasse

e Analogy: Applying solutions from familiar problems to new situations

Different interfaces may support different problem-solving approaches, depending on the task and user

expertise.

4.2. Mental Models

Mental models are internal representations that allow people to understand, explain, and predict system

behavior. These models:

13
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o Are often incomplete or inaccurate
e Evolve with experience
e Influence how users approach and interact with systems

e May differ significantly between designers and users
Users develop mental models through:

e Direct interaction with systems
e Prior experience with similar systems
e Documentation and training

e Cultural knowledge and metaphors
Effective interfaces help users build accurate mental models by:

e Making system states and processes visible
e Providing clear cause-and-effect relationships
e Using consistent behaviors and patterns

e |leveraging familiar metaphors and analogies

V Radixia

When users' mental models align with how systems actually work, interactions become more intuitive and

successful.

4.3. Dual Process Theory

Kahneman's dual process theory distinguishes between two modes of thinking:

4.3.1. System 1: Fast, Intuitive Thinking

System 1 thinking is:

e Automatic and effortless

e Rapid and parallel

e Unconscious

e Based on associations, habits, and emotions

e Prone to biases and heuristics

In interface design, System 1 thinking relates to:

14
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e Immediate visual impressions
e Habitual interactions
e Emotional responses

e Automatic behaviors

4.3.2. System 2: Slow, Deliberate Thinking

System 2 thinking is:

e Controlled and effortful

e Slow and sequential

e Conscious and deliberate
e Rule-based and analytical

e Resource-intensive
In interface design, System 2 thinking relates to:

e |learning new interfaces
e Problem-solving complex tasks
e Making careful decisions

e Comprehending complex information

Both systems have strengths and limitations. System 1 is efficient but error-prone; System 2 is accurate

but demanding.

4.4. Implications for Interface Design

Understanding human thinking processes leads to several design principles:

e Support both thinking systems: Design for both intuitive use (System 1) and deliberate analysis
(System 2)
o Provide quick, familiar paths for routine tasks
o Offer detailed information and controls for complex decisions
e Align with mental models: Design interfaces that match users' expectations
o Use familiar metaphors and conventions
o Make system behavior predictable and consistent

o Provide clear conceptual frameworks

15
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e Scaffold problem solving: Help users apply effective strategies
o Break complex tasks into manageable steps
o Provide examples and templates
o Offer appropriate guidance without overwhelming users
¢ Reduce cognitive barriers: Minimize obstacles to effective thinking
o Eliminate unnecessary complexity
o Present information in the most usable format
o Support recognition rather than recall
e Account for different knowledge levels: Design for both novices and experts
o Provide progressive disclosure of complexity
o Offer shortcuts for experienced users

o Support learning through exploration

By designing with human thinking processes in mind, interfaces can better support users in achieving their

goals efficiently and effectively.

16
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CHAPTER 5.

Cognitive Biases in HCI

5.1. Understanding Cognitive Biases

Cognitive biases are systematic patterns of deviation from norm or rationality in judgment. These mental
shortcuts (heuristics) help us process information quickly but can lead to irrational decisions and
perceptual distortions. In human-computer interaction, cognitive biases affect both users and designers,

influencing how interfaces are created and used.
Key characteristics of cognitive biases include:

e They operate largely unconsciously

e They persist even when we're aware of them

e They evolved as mental shortcuts to aid quick decision-making
e They can lead to significant errors in judgment and perception

e They affect everyone, regardless of intelligence or expertise

Understanding these biases is crucial for designing interfaces that work with human psychology rather

than against it.

5.2. Key Biases Affecting Users

5.2.1. Confirmation Bias

Confirmation bias is the tendency to search for, interpret, and recall information in a way that confirms

existing beliefs while giving disproportionately less attention to alternative possibilities.
Interface implications:

e Users may ignore important warning messages that contradict their expectations
e Search behavior is influenced by preexisting beliefs

e Users may interpret ambiguous feedback as confirming their assumptions

17
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e Error messages may be misinterpreted or dismissed
Design strategies:

e Present balanced information
e Make contradictory information highly visible
e Use clear, unambiguous language

e Provide specific evidence rather than general statements

5.2.2. Anchoring Bias

Anchoring bias is the tendency to rely too heavily on the first piece of information encountered (the

"anchor") when making decisions.
Interface implications:

e Initial values in forms strongly influence user input
o First options in a list receive disproportionate attention
e Price perceptions are influenced by initially presented figures

e Default settings tend to be maintained
Design strategies:

e Set thoughtful defaults that benefit most users
e Consider the order of presented options carefully
e Use neutral starting points when user input is required

o Be aware of how initial information frames subsequent choices

5.2.3. Availability Heuristic
The availability heuristic is a mental shortcut that relies on immediate examples that come to mind when
evaluating a specific topic, concept, or decision.

Interface implications:

e Users overestimate the probability of events they can easily recall
e Recent or vivid experiences disproportionately influence decisions
e Rare but memorable errors may cause excessive user caution

e Easily imagined scenarios seem more likely than abstract statistics

18
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Design strategies:

e Provide frequency information rather than just examples
e Balance anecdotes with statistical information
e Use visualization to make abstract data more concrete

e Present balanced examples that represent actual probabilities

5.2.4. Framing Effect

The framing effect is the tendency to draw different conclusions from the same information when

presented differently.

Interface implications:

How choices are presented significantly affects user decisions

Positive framing ("90% success") vs. negative framing ("10% failure") leads to different choices

The context around information influences its interpretation

e Language choice affects perceived value and risk
Design strategies:

e Consider ethical implications of framing choices
e Present balanced framing for important decisions
e Be consistent in how similar information is presented

o Test different framings to understand their impact

5.3. Biases Affecting Designers

Designers themselves are not immune to cognitive biases, which can significantly impact the design

process and outcomes.

5.3.1. Overconfidence Effect

The overconfidence effect is the tendency to overestimate one's abilities, knowledge, and the accuracy of

one's beliefs.
Design implications:

e Overestimating user understanding of technical concepts

19
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e Underestimating the difficulty of tasks for first-time users
e Excessive confidence in design decisions without sufficient testing

e Resistance to changing designs based on feedback
Mitigation strategies:

e Regularly test designs with actual users
e Seek diverse perspectives on design decisions
e Question assumptions about user knowledge and abilities

e Use data rather than intuition for key decisions

5.3.2. Status Quo Bias

Status quo bias is the preference for the current state of affairs, with changes perceived as losses.
Design implications:

e Resistance to exploring radically different design approaches
e Incremental changes favored over potentially better redesigns
e Existing patterns maintained even when problematic

e |legacy features preserved despite limited utility
Mitigation strategies:

e Periodically question established patterns and processes
e FEvaluate designs based on user needs rather than precedent
o Test alternative approaches even when current solutions seem adequate

e Balance innovation with consistency

5.4. Designing to Mitigate Biases

While cognitive biases cannot be eliminated, thoughtful design can help mitigate their negative effects:

¢ Increase awareness: Understand common biases and how they affect interaction
e Design for transparency: Make important information clearly visible
e Provide balanced options: Present alternatives fairly

o Use multiple representations: Show information in different formats

20
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e Encourage deliberation: Support System 2 thinking for important decisions
e Test with diverse users: |dentify how biases manifest in different contexts

e Ethical considerations: Consider whether designs exploit or mitigate biases

By understanding cognitive biases, designers can create interfaces that help users make better decisions

and have more successful interactions with technology.

21
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CHAPTER 6.

Applying Human Factors in Interface Design

6.1. User-Centered Design Principles

User-centered design (UCD) is an approach that places users at the center of the design process. This
methodology integrates knowledge about human perception, memory, thinking, and biases to create

interfaces that align with how people naturally interact with technology.
Core principles of user-centered design include:

e Early and continuous user involvement: Engaging users throughout the design process
o Empirical measurement: Testing designs with actual users and measuring performance
e lterative design: Refining solutions based on user feedback

e Holistic design: Considering the entire user experience, not just the interface
The UCD process typically follows these stages:

Understand users and context: Research user needs, goals, and environments
Specify requirements: Define what the system must accomplish for users

Design solutions: Create designs that address requirements

N~

Evaluate designs: Test with users against requirements
5. IRterate: Refine based on evaluation results
By applying human factors knowledge throughout this process, designers can create interfaces that feel

intuitive and natural to users.

6.2. Accessibility and Universal Design

Accessibility ensures that interfaces can be used by people with diverse abilities, including those with
disabilities. Universal design extends this concept by creating solutions that work for everyone, regardless

of age, ability, or situation.

22
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Key accessibility considerations include:

e Visual accessibility: Supporting users with blindness, low vision, or color blindness
o Text alternatives for images
o Sufficient contrast
o Resizable text
o Screen reader compatibility
e Auditory accessibility: Supporting users with hearing impairments
o Captions for audio content
o Visual alternatives for auditory feedback
o Volume control
e Motor accessibility: Supporting users with physical limitations
o Keyboard accessibility
o Adjustable timing
o Target size and spacing
o Alternative input methods
e Cognitive accessibility: Supporting users with cognitive differences
o Clear language
o Consistent navigation
o Error prevention and recovery

o Minimal distractions
Universal design principles that benefit all users include:

e Equitable use: Useful for people with diverse abilities

e Flexibility: Accommodates a wide range of preferences

e Simple and intuitive: Easy to understand regardless of experience

e Perceptible information: Communicates effectively regardless of sensory abilities
e Tolerance for error: Minimizes adverse consequences of mistakes

e Low physical effort: Can be used efficiently with minimal fatigue

e Size and space for approach and use: Appropriate size and space for use

23
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6.3. Evaluation Methods

Evaluation is essential for ensuring that interfaces effectively apply human factors principles. Common

evaluation methods include:

e Heuristic evaluation: Experts assess interfaces against established usability principles
o Advantages: Quick, relatively inexpensive
o Limitations: May miss issues that only appear during actual use
o Cognitive walkthrough: Experts simulate users working through tasks
o Advantages: Focuses on learnability, requires minimal resources
o Limitations: Limited to evaluator's ability to model user thinking
e Usability testing: Observing actual users completing tasks
o Advantages: Reveals real usage patterns and problems
o Limitations: Requires more resources, artificial setting may affect behavior
e A/B testing: Comparing two versions with real users
o Advantages: Quantitative data, tests with actual users
o Limitations: Only compares specific variations, may miss broader issues
e Analytics: Analyzing usage data from deployed interfaces
o Advantages: Large sample sizes, real-world usage

o Limitations: Shows what happened but not why, privacy concerns

Effective evaluation combines multiple methods and focuses on how well the interface accommodates

human capabilities and limitations.

6.4. Future Directions in HCI

Human-computer interaction continues to evolve as technology advances and our understanding of

human factors deepens. Key trends include:

e Multimodal interfaces: Combining multiple input and output methods (touch, voice, gesture)
o Aligns with natural human communication
o Accommodates different contexts and preferences
o Provides redundancy for accessibility

e Adaptive interfaces: Systems that adjust to individual users

o Personalizes experiences based on user behavior

24
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o Accommodates changing contexts and needs
o Reduces cognitive load through customization
e Augmented and virtual reality: Immersive interfaces that blend digital and physical
o Creates new challenges for perception and interaction
o Requires deeper understanding of spatial cognition
o Offers potential for more intuitive interactions
e Al-enhanced interfaces: Systems that anticipate user needs
o Reduces cognitive load through prediction
o Creates new challenges for user control and transparency

o Requires balancing automation with user agency

As these technologies develop, the fundamental principles of human perception, memory, thinking, and
bias remain relevant. The most successful interfaces will continue to be those that align with human

capabilities and limitations, regardless of the specific technology used.

By applying human factors knowledge throughout the design process, evaluating interfaces against
human-centered criteria, and adapting to new technological possibilities, designers can create interfaces

that feel like natural extensions of human capabilities rather than technological barriers to be overcome.
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