Human-Computer Interaction

Interface Design, Usability,
and Design Rules

HCI course notes about interface design principles and usability rules

Author:
Luca Bianchi, PhD



HCI Lessons Notes — The Human VA Radixia

CHAPTER 1. Summary

CHAPTER 1.
1.1.
1.2.

1.3.

CHAPTER 2.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

CHAPTER 3.

3.1.

3.2.

3.3.

3.4.

................................................................................................................................................. 2
................................................................................................................................................. 5

The Evolution of Interface DeSIgN ........ooo ot 6
The Foundation of Human-Computer INteraction ..........ccccvveceeiiiieiiiiens e 6
Current Trends and Future DireCiONS ......c.oocueiiicieriiieeeeee e 7
The Human-Centered Design PhilOSOPNY ........coiiiiiiiiee e 8

The Design Process in Human-Computer Interaction ....... Error! Bookmark not defined.
Understanding the Interaction Design Process.........cc.cc.u.e... Error! Bookmark not defined.
The Cyclical Nature of DeSign .......ccceeeceeeerieerenieee e Error! Bookmark not defined.
Requirements Gathering and User Research.............ccce....... Error! Bookmark not defined.
The Role of Ethnography in Design .........ccceeevviiiieeiiieiieeeennne Error! Bookmark not defined.
Analysis and SyNthesiS ......ccveieeriiier e Error! Bookmark not defined.
Design Development and Ideation .........cccoccceeeiiiieene e, Error! Bookmark not defined.
Prototyping and TeStiNg .....cccooeceereriiniieee e Error! Bookmark not defined.
Implementation and Deployment ... Error! Bookmark not defined.
The Iterative Nature of Design Thinking ........cccoccceeviiiieennnn. Error! Bookmark not defined.
Contemporary Applications and Case Studies .........cc..c........ Error! Bookmark not defined.

Levels of Interaction and Navigation Design............ccc....... Error! Bookmark not defined.
Understanding Interaction Hierarchies...........ccccoiiieeeiiiineen. Error! Bookmark not defined.
The Four Primary Levels of Interaction.........ccccoccceeviiiineennnn. Error! Bookmark not defined.
Widget Choice and Interface Elements..........cccccocceeeeieenennenn. Error! Bookmark not defined.
Screen and Window Design PrinCiples.........ccceiveeiieereiieennns Error! Bookmark not defined.



HCI Lessons Notes — The Human VA Radixia

3.5.

3.6.

CHAPTER 4.

4.1.

4.2.

4.3.

4.4.

4.5,

4.6.

4.7.

CHAPTER 5.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

CHAPTER 6.

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

CHAPTER 7.

7.1.

7.2.

Navigation Design Strategies ........ccceeeeeeerieenrnieeeeseee e Error! Bookmark not defined.
Integration with System Environment..........cccococeiiiniiieeenee. Error! Bookmark not defined.

Layout Design and Visual Organization..........c..ccceeveeernnee. Error! Bookmark not defined.
The Foundation of Effective Layout Design.........cccccveeeveeennn. Error! Bookmark not defined.
Visual Hierarchy and Information Organization ...................... Error! Bookmark not defined.
Grid Systems and Responsive Design .........ccccecveeeieenriieeenns Error! Bookmark not defined.
Typography and Readability ..., Error! Bookmark not defined.
Spacing and White SpPace .......cccccceeeiviieee e Error! Bookmark not defined.
Case Studies in Effective Layout Design.......ccccceeeeieereiieennns Error! Bookmark not defined.
Contemporary Layout Trends and Future Directions.............. Error! Bookmark not defined.

Usability Engineering in Software Development ................ Error! Bookmark not defined.

Integration of HCI in the Software Development Lifecycle..... Error! Bookmark not defined.

Traditional Software Development and HCI Considerations.. Error! Bookmark not defined.

Usability Engineering Processes and Methods.........c............ Error! Bookmark not defined.
Testing and Evaluation TechniqQUES.........cccveevvrieeeeeieiieeeennns Error! Bookmark not defined.
Current Market Trends and Industry Applications.................. Error! Bookmark not defined.
Organizational Implementation and Best Practices ............... Error! Bookmark not defined.

Design Rules and Guidelines ..........cccevceverieennieeesseee e Error! Bookmark not defined.
Systematic Approaches to Interface Design ........ccccceveieeene Error! Bookmark not defined.
Evidence-Based Design Principles........ccccoooceeeiiiieeee e, Error! Bookmark not defined.
Creating and Implementing Design Guidelines .............ccc..... Error! Bookmark not defined.
Balancing Creativity with Consistency .........cccccceviiireiieeeenee. Error! Bookmark not defined.
Organizational Design Systems.........ccecverriirreiiee e Error! Bookmark not defined.
Contemporary Challenges and Evolution...........ccccccceriiieeene Error! Bookmark not defined.

Standards in Interface Design .........cccceeieeeriieeeeneee e Error! Bookmark not defined.
International and National Design Standards...........c.ccceen...e. Error! Bookmark not defined.
Hardware vs. Software Standards.........cccccoeeriieriiieeeieen e, Error! Bookmark not defined.



HCI Lessons Notes — The Human VA Radixia

7.3. Ergonomic Factors in Design .......ccoccceeeieiieeee e Error! Bookmark not defined.
7.4. Compliance and Accessibility Requirements.........ccccceeueeeen. Error! Bookmark not defined.
7.5. Contemporary Standards Development........ccccccoeecveeeeeennneen. Error! Bookmark not defined.
CHAPTER 8.  Golden Rules and Heuristics for Interface Design ............. Error! Bookmark not defined.
8.1. Nielsen's 10 Usability Heuristics ........ccccovveeieeniiiieee e, Error! Bookmark not defined.
8.2. Shneiderman's 8 Golden Rules .........ccooceeeiieeieiieee e Error! Bookmark not defined.
8.3. Norman's 7 Principles of DeSign .......cccccvveecieeeeiesceee e Error! Bookmark not defined.
8.4. Practical Application of HeuristicS........coovviiiiiiiiiiiiee Error! Bookmark not defined.
8.5. Heuristic Evaluation Methods...........cccoiiiiiie e, Error! Bookmark not defined.
8.6. Modern Updates and Interpretations ...........ccccoooiieeeeninnnnnnne. Error! Bookmark not defined.
CHAPTER 9. Contemporary Challenges and Future Directions............... Error! Bookmark not defined.
9.1. Al and Machine Learning in Interface Design.........ccccccveeenn. Error! Bookmark not defined.
9.2. Sustainable and Ethical Design Practices..........cccceeeeriiieennns Error! Bookmark not defined.
9.3. Emerging Interaction Paradigms ..........ccceeeiieeeienieeee e, Error! Bookmark not defined.
9.4. Cross-Platform and Multi-Device Considerations.................. Error! Bookmark not defined.
9.5. Future Research DireCtions ..........ccoeciieericiiieee e, Error! Bookmark not defined.
CHAPTER 10. Practical Applications and Case Studies..........cc.ccuuuueen. Error! Bookmark not defined.
10.1. Comprehensive Analysis of Successful Interface Designs..... Error! Bookmark not defined.
10.2. Common Design Failures and Lessons Learned.................... Error! Bookmark not defined.
10.3. Industry-Specific Considerations ..........cccocceeeriieeeieeeeseee e Error! Bookmark not defined.
10.4. Hands-On Exercises and Evaluation Methods....................... Error! Bookmark not defined.
CHAPTER 11. ReferencCes ... Error! Bookmark not defined.



HCI Lessons Notes — The Human \/A Radixia

CHAPTER 2. 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 3.

The Evolution of Interface Design

3.1. The Foundation of Human-Computer Interaction

Human-Computer Interaction (HCI) represents one of the most critical disciplines in modern technology
development, fundamentally shaping how billions of people interact with digital systems every day. At its
core, HCI is concerned with the design, evaluation, and implementation of interactive computing systems
for human use, along with the study of major phenomena surrounding them [1]. This field has evolved from

a niche academic pursuit to a central concern for any organization developing digital products or services.

The significance of HCI becomes apparent when we consider that poor interface design can render even
the most powerful technology unusable, while excellent design can make complex systems accessible to
users with varying levels of technical expertise. The cost of poor usability extends far beyond user
frustration; it encompasses lost productivity, increased support costs, user abandonment, and in critical

systems such as medical devices or aviation interfaces, it can even pose safety risks [2].

In the previous parts of this course, we introduced the fundamental components of an interactive system:
the human user, the computer system itself, and the nature of the interactive process. These three
elements form the foundation upon which all interface design decisions must be built. The human user
brings cognitive capabilities, limitations, cultural contexts, and specific goals to the interaction. The
computer system provides computational power, data processing capabilities, and various input and
output modalities. The interactive process represents the dynamic exchange between human and

machine, mediated through the interface.

The field of interface design has undergone remarkable transformation since the early days of computing.
In the 1960s and 1970s, computer interaction was primarily text-based, requiring users to memorize
complex command syntaxes and navigate through hierarchical menu systems. The introduction of
graphical user interfaces (GUIs) in the 1980s, popularized by systems like the Xerox Star and later the
Apple Macintosh, revolutionized how people could interact with computers by introducing visual

metaphors, direct manipulation, and pointing devices [3].
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The 1990s brought the widespread adoption of the World Wide Web, creating new challenges and
opportunities for interface design. Web interfaces needed to accommodate users with varying levels of
technical expertise, different browsers, and diverse connection speeds. This period saw the emergence
of web usability as a distinct discipline, with pioneers like Jakob Nielsen establishing fundamental

principles that remain relevant today [4].

The 2000s introduced mobile computing as a dominant platform, fundamentally changing interface design
paradigms. Touch interfaces, gesture-based interaction, and the constraints of small screens required
designers to rethink established conventions. The introduction of the iPhone in 2007 demonstrated how
thoughtful interface design could make sophisticated technology accessible to mainstream users, setting

new standards for intuitive interaction [5].

Today, we are witnessing another transformation with the integration of artificial intelligence, voice
interfaces, augmented reality, and other emerging technologies. Modern interface design must consider
multi-modal interaction, cross-platform consistency, accessibility for diverse user populations, and the

ethical implications of persuasive design [6].

3.2. Current Trends and Future Directions

The interface design landscape in 2024 and beyond is characterized by several significant trends that
reflect both technological advancement and evolving user expectations. Artificial intelligence is
increasingly being integrated into interface design, not just as a feature but as a fundamental component
that can adapt interfaces to individual user needs and contexts [7]. This includes Al-powered
personalization, predictive interfaces that anticipate user needs, and intelligent automation that reduces

cognitive load.

Sustainability has emerged as a critical consideration in interface design, with designers focusing on
creating energy-efficient interfaces, reducing data consumption, and promoting digital wellness [8]. This
trend reflects growing awareness of technology's environmental impact and the need for more responsible

design practices.

The concept of inclusive design has gained prominence, moving beyond basic accessibility compliance
to create interfaces that work well for users with diverse abilities, cultural backgrounds, and technological
contexts [9]. This approach recognizes that designing for edge cases often results in better experiences

for all users.
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Cross-platform consistency has become increasingly important as users interact with services across
multiple devices and contexts. Design systems and component libraries have evolved to support this need,
enabling organizations to maintain coherent experiences while adapting to different platform constraints
[10].

3.3. The Human-Centered Design Philosophy

Central to modern interface design is the philosophy of human-centered design, which places human
needs, capabilities, and limitations at the center of the design process. This approach recognizes that
technology should adapt to human behavior rather than forcing humans to adapt to technological
constraints. Human-centered design involves understanding users through research, involving them in the

design process, and continuously testing and refining designs based on real-world usage [11].

The human-centered approach requires designers to develop empathy for their users, understanding not
just what they need to accomplish but also the context in which they work, their emotional states, their
cultural backgrounds, and their varying levels of expertise. This understanding informs every aspect of the

design process, from initial concept development through final implementation and ongoing refinement.

Effective human-centered design also requires interdisciplinary collaboration, bringing together expertise
from psychology, anthropology, computer science, graphic design, and domain-specific fields. This
collaborative approach ensures that interfaces are not only technically feasible and visually appealing but

also psychologically appropriate and culturally sensitive [12].
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CHAPTER 4. Interface and Usability Evaluation

4.1. Introduction to Usability Evaluation

4.1.1. What is Evaluation?

In the realm of Human-Computer Interaction (HCI), evaluation stands as a cornerstone activity, ensuring
that the digital tools and systems we design truly serve their intended users effectively and efficiently. At
its core, evaluation is the systematic process of assessing an interactive system to determine if it meets
user needs, fulfills its design objectives, and behaves as expected. It is a critical feedback loop in the
iterative design process, allowing designers and developers to identify usability issues, validate design

decisions, and ultimately enhance the user experience.

While it might seem intuitive to place evaluation at the very end of a product's development cycle, a more
enlightened approach, as emphasized in modern HCI practices, advocates for its continuous integration
throughout the entire design and development lifecycle. This means that evaluation is not merely a final
quality check but an ongoing activity that informs and refines the design from its earliest conceptual stages
to its final implementation and beyond. Potential problems can be identified and rectified by evaluating
early and often when they are still relatively inexpensive and easy to fix, preventing costly rework later in
the development process. This proactive stance ensures that usability is woven into the fabric of the

product rather than being an afterthought.

4 .1.2. Where Does Evaluation Take Place?

The environment in which an evaluation is conducted significantly influences the types of insights gained
and the validity of the findings. Generally, evaluation can take place in two primary settings: the controlled

environment of a laboratory or the dynamic, real-world context of the field.
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41.2.1. Laboratory Studies

Laboratory studies involve bringing users into a specially designed, controlled environment, often a
dedicated usability laboratory, to interact with the system under observation. This setting offers several

distinct advantages:

Controlled Variables: The laboratory environment allows researchers to meticulously control extraneous
variables that might otherwise influence user behavior. This high degree of control enables precise
manipulation of independent variables and accurate measurement of dependent variables, making it ideal

for isolating specific design elements for testing.

Specialized Equipment: Usability labs are typically equipped with sophisticated tools such as eye-tracking
devices, specialized audio and video recording equipment, and two-way mirrors. These tools facilitate
detailed data collection on user interactions, gaze patterns, facial expressions, and verbalizations,

providing rich qualitative and quantitative data.

Minimized Distractions: By removing users from their typical work or home environments, laboratory
studies can minimize interruptions and distractions, allowing for focused observation of their interaction
with the system. This uninterrupted setting can be particularly beneficial for tasks requiring high

concentration.

However, the controlled nature of laboratory studies also presents certain disadvantages:

Artificiality: The primary drawback of laboratory studies is their inherent artificiality. The unnatural setting
can influence user behavior, leading to findings that may not accurately reflect how users would interact
with the system in their everyday lives. Users might feel observed or perform differently under pressure, a

phenomenon known as the Hawthorne effect.

Limited Context: Some usability issues are deeply intertwined with the real-world context of use and may
not manifest in a sterile laboratory environment. For example, an interface designed for outdoor use might

encounter problems with glare or environmental noise that are impossible to simulate accurately in a lab.

10



HCI Lessons Notes — The Human \/A Radixia

Difficulty with Collaborative Tasks: Observing multiple users cooperating on a task can be particularly
challenging in a laboratory setting, as interpersonal communication and collaboration are highly

dependent on the natural context and social dynamics that are difficult to replicate.

Despite these limitations, laboratory studies are invaluable for specific evaluation goals. They are

particularly well-suited for:

Uncovering Specific Problems: When the objective is to identify precise usability issues related to

particular interface elements or interaction flows.

Comparing Alternative Designs: When designers need to compare the effectiveness or efficiency of
different design solutions under identical conditions, ensuring that any observed differences are

attributable to the design variations rather than external factors.

Manipulating Context: When researchers deliberately want to manipulate certain aspects of the

environment or task to observe their impact on user performance or experience.

41.2.2. Field Studies

In contrast to laboratory studies, field studies involve observing users interacting with the system in their
natural environment—their workplace, home, or any other context where the system would typically be

used. This approach offers a more authentic and ecologically valid perspective on usability:

Real-World Context: Field studies excel at capturing the nuances of real-world usage, including
interactions with other systems, environmental factors, and social dynamics. This allows evaluators to

discover problems that are highly context-dependent and might never emerge in a laboratory setting.

Authentic Behavior: Users are observed in their familiar surroundings, reducing the artificiality that can

affect behavior in a lab. This often leads to more natural and representative interactions with the system.

Discovery of Interruption-Related Issues: In real-world environments, users are frequently interrupted by
phone calls, colleagues, or other tasks. Field studies can reveal how the system handles such

interruptions, whether users can easily save and restore their work, and how they recover from disruptions.

11
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Longitudinal Studies: Field studies are particularly well-suited for longitudinal research, which involves
observing user behavior over extended periods —weeks, months, or even years. This allows for the study
of learning effects, long-term satisfaction, and the evolution of user habits, which are often impractical to

assess in short-term laboratory sessions.

However, field studies also come with their own set of challenges:

Lack of Control: The uncontrolled nature of the field environment makes it difficult to isolate variables or
replicate specific conditions. This can make it challenging to attribute observed problems directly to

specific design elements.

Environmental Noise and Distractions: Ambient noise, constant interruptions, and other real-world
complexities can make data collection and observation difficult. Evaluators may struggle to capture all

relevant interactions amidst the chaos.

Observer Effect (Heisenberg Uncertainty Principle): While less pronounced than in laboratory settings, the
presence of evaluators or recording equipment can still influence participants' behavior. Users might alter
their actions, consciously or unconsciously, due to being observed. This is sometimes referred to as the
Heisenberg Uncertainty Principle in the context of HCI evaluation, where the act of observation itself can

alter the phenomenon being observed.

Practical Difficulties: Conducting field studies can be logistically complex and time-consuming, requiring

travel, scheduling flexibility, and adaptability to unpredictable environments.

Despite these challenges, field studies are indispensable for understanding how users interact with a
system in their everyday context, especially for long-term usage patterns and behaviors influenced by
environmental factors. They provide a rich, holistic understanding of usability that complements the

controlled insights gained from laboratory studies.

12
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4.1.3. Main Groups of Evaluation Techniques

Evaluation techniques can be broadly categorized based on the primary participants involved in the
assessment. This distinction helps in selecting the most appropriate method for a given evaluation goal

and stage of the design process.

Expert Analysis (Inspection Methods): These techniques rely on the knowledge and experience of usability
specialists or HCI experts to identify potential usability problems. Experts apply their understanding of
cognitive principles, usability heuristics, and design guidelines to evaluate the system. A significant
advantage of expert analysis is that it can be performed early in the design process, even on prototypes
or design specifications, without requiring a fully functional system or direct user involvement. This makes
them relatively cost-effective and time-efficient. However, a limitation is that experts, despite their
expertise, may not always perfectly predict actual user behavior or identify all problems that real users

would encounter.

User Involvement (User-Based Methods): These techniques directly involve actual users interacting with
the system. They are crucial for gaining authentic insights into user experience, preferences, and real-
world usability issues. User-based methods typically require a working prototype or a functional product.
While often more resource-intensive than expert analysis, they provide invaluable data on how the target
audience truly interacts with and perceives the system. This category encompasses a range of methods,

including experimental studies, observational techniques, and various query methods.

It is important to note that while this distinction is useful for categorization, the boundaries between expert
analysis and user involvement are not always clear-cut. Some methods may incorporate elements of both,

or their application might blur these lines depending on the specific context and goals of the evaluation.

4.1.4. Goals of Evaluation

Regardless of the chosen method or setting, usability evaluation aims to achieve several fundamental
goals, each contributing to a comprehensive understanding of the system's effectiveness and user

experience:

13
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Verify System Functionality and Accessibility: One primary goal is to ascertain whether the system's
features and functionalities are not only present but also accessible and usable by the target audience.
This involves answering questions such as: Can users perform all the intended tasks? Can they do so
easily and in the manner they expect? Is the system effective in helping users achieve their goals? This
goal focuses on the system's capability to support user tasks and the ease with which those capabilities

can be leveraged.

Assess Interface Effect on User: Beyond mere functionality, evaluation seeks to understand the qualitative
impact of the interface on the user's experience. This involves exploring aspects like: Is the system easy
to learn for new users? Does it provide a sense of satisfaction or frustration? Does it induce stress or
enjoyment? This goal delves into the emotional and cognitive responses of users to the interface, providing

insights into user satisfaction, learnability, and overall user experience.

Identify Specific Problems: A crucial objective of evaluation is to pinpoint specific usability issues or design
flaws within the system. This involves identifying instances where: The user is overloaded with information
or options? Are there unexpected results or system behaviors that confuse the user? Are there ambiguities
in the interface that lead to errors or misunderstandings? This diagnostic goal helps prioritize areas for

improvement and guides iterative design refinements.

By systematically addressing these goals, usability evaluation provides actionable insights that drive the
continuous improvement of interactive systems, ultimately leading to more effective, efficient, and

satisfying user experiences.

4.2. Evaluation by Experts

Expert evaluation methods are a category of usability assessment techniques that rely on the knowledge

and experience of usability specialists or HCI experts to identify potential problems in an interactive

14
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system. Unlike user-based methods, these techniques do not require direct involvement of end-users,
making them generally more cost-effective and time-efficient. They can be applied early in the design
process, even when only prototypes or design specifications are available, rather than a fully functional
system. This allows for the identification and rectification of usability issues at a stage where changes are
less expensive and easier to implement. However, a key limitation of expert evaluation is that experts,
despite their deep understanding of usability principles, may not always perfectly predict actual user

behavior or identify all the nuanced problems that real users would encounter in their natural contexts.

4.2.1. Cognitive Walkthrough

Cognitive walkthrough is an expert-based evaluation method specifically designed to assess the

learnability of a system, particularly for new or infrequent users. The core idea is for an expert evaluator to

simulate a user's step-by-step interaction with the interface to complete a specific task, identifying
potential usability problems based on psychological principles of learning and problem-solving. The
evaluator meticulously steps through the design, putting themselves in the shoes of a novice user to
understand the cognitive processes required and anticipate any learning difficulties that might arise. This
method is particularly useful for tasks that users will perform for the first time or infrequently, as it highlights

areas where the interface might be confusing or difficult to navigate without prior instruction.

4.2.1.1. Elements Required for Cognitive Walkthrough

To conduct a cognitive walkthrough effectively and systematically, four key elements are essential:

System Specification or Prototype: A detailed representation of the system is necessary. This doesn't have
to be a fully functional product; even a comprehensive paper prototype, wireframes, or detailed design
specifications can suffice. The level of detail should be sufficient to allow the evaluator to simulate user

actions and system responses accurately.

User Profile: A clear and precise definition of the target users is crucial. This includes their assumed
experience, knowledge, and typical behaviors. The use of personas—fictional, yet realistic,

representations of target users—is highly recommended. Personas help evaluators maintain a consistent

15
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perspective and empathize with the intended user group. It is important to note that if the system is
intended for diverse user groups, the walkthrough might need to be repeated for each distinct persona,

as different users will approach tasks with varying levels of prior knowledge and expectations.

Task Description: A specific, representative task that the majority of users would typically want or need to
perform with the system. The task should be clearly defined, outlining the user's goal. For example, for a

new mobile banking application, a task might be

"transfer money from savings to checking account." The task should be realistic and reflect common user

goals.

Action List: A complete, written, step-by-step list of the actions a user would need to perform to complete
the specified task using the proposed system. This list serves as a guide for the evaluator, detailing the
expected interaction sequence. For instance, if the task is to set up dual monitors on a Windows computer,
the action list would enumerate each click, menu selection, and input required, similar to how a help

system might guide a user.

421.2. Four Questions for Evaluators

Once these four elements are in place, the evaluators step through the action sequence, critically
assessing the system at each step by answering four fundamental questions. These questions are

designed to uncover potential learnability issues and cognitive friction points for new users:

Is the effect of the action the same as the user’s goal at that point? This question probes whether the user
understands why a particular action is necessary to achieve their overall goal. Does the system clearly
communicate the purpose and consequence of each step? For example, if a user wants to enable
Bluetooth on their computer, is it intuitively clear that they first need to navigate to the settings panel? If
the user perceives a mismatch between their immediate goal and the required action, they might become

confused or abandon the task.

16
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Will users see that the correct action is available? This question focuses on the visibility of the necessary
commands or controls. Can the user easily locate the required action within the interface, or is it hidden,
requiring them to search for it? Problems arise when menu items are buried in submenus, buttons are not
clearly distinguishable, or gestures are not obvious (as can be the case with some gestural user interfaces
like those on an iPad). If users cannot readily perceive the correct action, they may become stuck or
frustrated. A classic real-world example is a TV remote control with a flap covering rarely used features;
while intended to simplify the interface, users might not realize they need to lift the flap to access those

functions when needed.

Once users have found the correct action, will they know it is the one they need? Even if an action is
visible, its label, icon, or overall presentation might be ambiguous or misleading. This question addresses
whether the user can correctly inferpret the meaning of the control and recognize it as the appropriate
choice for their current task. For instance, a button with an unclear label or an icon that could be interpreted
in multiple ways might lead users to select the wrong command, even if the correct one is visually present.
This highlights issues with jargon, inconsistent terminology, or controls that appear to be a better choice

but are not.

After the action is taken, will users understand the feedback they get? Users rely on system feedback to
understand the consequences of their actions and to confirm that they are progressing towards their goal.
This question assesses whether the feedback provided by the system is sufficient, timely, and clear
enough for the user to understand what has happened. Inadequate feedback can leave users uncertain
about the system's state, leading to errors or a lack of confidence. A common example is a public toilet
door that fails to provide clear feedback on whether it is locked or unlocked, potentially leading to privacy
breaches. Users need appropriate feedback to determine if they have made progress toward their

intended outcome.

17
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The cognitive walkthrough is a powerful tool for identifying learnability issues, particularly for systems
where new users are expected to operate without extensive training or documentation. It forces evaluators
to adopt a novice user's perspective, revealing design flaws that might be overlooked by experienced

designers familiar with the system.

4.2.2. Heuristic Evaluation

Heuristic evaluation is a more general and widely applicable expert-based usability inspection method
compared to the cognitive walkthrough. It involves one or more usability experts examining an interface
and judging its compliance with a set of recognized usability principles, known as heuristics. These
heuristics are broad, empirical rules of thumb that encapsulate best practices in user interface design. The
expert systematically goes through the interface, identifies violations of these heuristics, notes the

problems, and assesses their severity.

This method is highly flexible, as the set of heuristics can be adapted or augmented with domain-specific
guidelines if necessary. A significant advantage of heuristic evaluation, similar to cognitive walkthrough, is
its cost-effectiveness and efficiency. It does not require direct user involvement, making it suitable for
application at various stages of product development, from early conceptual designs and prototypes to
fully functional systems. ldentifying usability issues early in the design process, before significant

development resources are committed, can lead to substantial cost and time savings.

42.21. Number of Evaluators

While a single expert can conduct a heuristic evaluation, it is generally recommended to involve multiple
evaluators to maximize the number of identified usability problems. Research, notably by Jakob Nielsen,
suggests that the number of errors detected does not increase linearly with the number of evaluators. A
common recommendation is to use between 3 to 5 evaluators, as this range typically uncovers a significant
proportion of usability problems without incurring excessive costs. It is crucial that each evaluator works
independently during their initial assessment to avoid biasing each other's findings. After individual

evaluations, the findings are aggregated and discussed to create a comprehensive list of usability issues.

4.2.2.2. Severity Assessment

Not all usability problems identified during a heuristic evaluation are equally critical. To prioritize
remediation efforts, it is essential to assess the severity of each problem. Nielsen proposes four criteria

for evaluating the importance of a usability problem:

18
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Frequency: How common is the problem? Does it occur frequently or rarely?

Impact: How easy is it for the user to overcome the problem? Does it cause minor annoyance or significant

frustration and task failure?
Persistence: How long does the problem persist? Is it a momentary glitch or a recurring obstacle?

Scope: How seriously will the problem be perceived by the user? Does it affect a small part of the interface

or a critical user flow?

Based on these criteria, problems are typically assigned a severity rating, which also indicates the urgency

with which they should be addressed. A common severity scale might include:

Score 4 (Catastrophic): Usability catastrophe. These are critical problems that prevent users from

completing essential tasks or lead to significant data loss. They must be fixed immediately.

Score 3 (Major): Major usability problem. These issues significantly hinder user performance or satisfaction

but do not completely block task completion. They are important to correct as soon as possible.

Score 2 (Minor): Minor usability problem. These are annoying but do not significantly impede task

completion. Fixing them has a low priority.

Score 1 (Cosmetic): Cosmetic problem only. These are minor aesthetic issues or very small usability

glitches that do not affect usability significantly. They should be fixed only if extra time is available.

This systematic approach to severity assessment helps design teams allocate resources effectively,

ensuring that the most impactful usability issues are addressed first.

4.2.2.3. Nielsen's 10 Usability Heuristics

Jakob Nielsen's ten usability heuristics are perhaps the most widely recognized and applied set of

principles for heuristic evaluation. These general empirical rules serve as a checklist for evaluators and
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can also guide designers in creating more usable interfaces. They are not specific usability guidelines but
rather broad principles that encompass various aspects of user experience. Below is a detailed

explanation of each heuristic, accompanied by real-world examples to illustrate their application:

Visibility of System Status: The system should always keep users informed about what is going on, through
appropriate feedback within reasonable time. This principle emphasizes the importance of clear and
continuous communication between the system and the user. Users need to know the current state of the
system, what action is being performed, and what the outcome of their input is. Lack of feedback can lead

to uncertainty, frustration, and errors.

Example: When uploading a file to a cloud storage service, a progress bar or percentage indicator that
updates in real-time informs the user about the upload status. Without this, the user might wonder if the
upload is stuck or if their action was registered. Another example is a password strength indicator that
dynamically updates as a user types their password, providing immediate feedback on its security. This

builds trust and transparency.

Match Between System and the Real World: The system should speak the users' language, with words,
phrases, and concepts familiar to the user, rather than system-oriented terms. It should follow real-world
conventions, making information appear in a natural and logical order. This heuristic advocates for
designing interfaces that align with users' existing mental models and real-world experiences. Using jargon

or technical terms unfamiliar to the target audience can create cognitive load and confusion.

Example: A music application that organizes content into

categories like "music," "movies," and "audiobooks" rather than technical file formats like "mp3," "mpeg,"

or "wav." This mirrors how a physical library organizes its collection, making it intuitive for users. Similarly,
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an e-commerce site that clearly labels its sections as "Library" for owned content and "Store" for

purchasing new content aligns with familiar real-world concepts.

User Control and Freedom: Users often choose system functions by mistake and will need a clearly
marked "emergency exit" to leave the unwanted state without having to go through an extended dialogue.
Support undo and redo. This heuristic emphasizes the importance of giving users a sense of control over
the system and the ability to recover from errors or unintended actions. Users should feel that they can

explore the interface without fear of irreversible consequences.

Example: A word processing application that provides readily accessible "Undo" and "Redo" functions,
allowing users to revert changes or reapply them. Another example is a remote control with a dedicated
"Exit" or "Back" button that quickly takes the user out of a menu or information screen, preventing them
from getting lost in complex navigation. In web forms, clear "Cancel" buttons or options to discard

changes provide users with an emergency exit.

Consistency and Standards: Users should not have to wonder whether different words, situations, or
actions mean the same thing. Follow platform conventions. This principle highlights the importance of
maintaining consistency both within a single product (internal consistency) and across different products
or platforms (external consistency). Inconsistent design can lead to confusion, increase cognitive load,

and hinder learnability.

Example: The consistent use of icons, terminology, and layout across different applications within a
software suite (e.g., Microsoft Office applications like Word, Excel, and PowerPoint sharing similar toolbars
and menu structures). This allows users to transfer their knowledge from one application to another,
improving efficiency and perceived intuitiveness. Following established industry conventions, such as the
standard placement of navigation menus or the use of common symbols (e.g., a shopping cart icon for e-

commerce), also contributes to external consistency.
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Error Prevention: Even better than good error messages is a careful design which prevents a problem from
occurring in the first place. Either eliminate error-prone conditions or check for them and present users
with a confirmation option before they commit to the action. This heuristic emphasizes proactive design
to minimize the occurrence of errors. It distinguishes between two types of errors: slips (unconscious
errors due to inattention) and mistakes (conscious errors based on a mismatch between the user’s mental

model and the design).

Example: In an online forum, disabling the "Submit" button after a user clicks it once prevents accidental
double-posting (a slip). Another example is a banking application that requires users to confirm a large
transaction before processing it, preventing a costly mistake. Auto-suggest features in search bars (like
Google Auto Recommend) help prevent misspellings, and automatically focusing the cursor on an input

field when a page loads prevents users from typing without realizing the field doesn't have focus.

Recognition Rather Than Recall: Minimize the user's memory load by making objects, actions, and options
visible. The user should not have to remember information from one part of the dialogue to another.
Instructions for use of the system should be visible or easily retrievable whenever appropriate. This
heuristic is based on the cognitive principle that it is easier for humans to recognize something they have
seen before than to recall it from memory. Interfaces should provide cues and context to reduce the burden

on the user's memory.

Example: A code editor that provides "type-ahead" suggestions or auto-completion as a developer types,
allowing them to recognize available functions or variables rather than having to recall their exact names.
Similarly, a presentation software (like Keynote) that previews fonts directly in the font selection menu,
rather than just listing their names, enables users to recognize the desired font style without having to

remember what each font looks like.
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Flexibility and Efficiency of Use: Accelerators—unseen by the novice user—may often speed up the
interaction for the expert user such that the system can cater to both inexperienced and experienced
users. Allow users to tailor frequent actions. This heuristic recognizes that users have varying levels of
expertise and different interaction patterns. An efficient interface should provide shortcuts and

customization options for experienced users while remaining intuitive for novices.

Example: Keyboard shortcuts (e.g., Ctrl+C for copy, Ctrl+V for paste) are accelerators that significantly
speed up tasks for expert users but are not necessary for novices. Customization options, such as allowing
users to rearrange toolbar icons or create personalized dashboards, enable them to tailor the interface to
their specific workflows and preferences. Providing touch gestures for mobile applications also caters to

efficient interaction for experienced users.

Aesthetic and Minimalist Design: Dialogues should not contain information which is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes with the relevant units of information and
diminishes their relative visibility. This principle advocates for clean, uncluttered interfaces that focus on
essential content and functionality. Unnecessary elements, text, or visual noise can distract users and

make it harder to find important information.

Example: A website design that prioritizes clear navigation and content over excessive advertisements or
decorative elements. In a mobile application, ensuring that only relevant information is displayed on a
screen, avoiding extraneous details that could overwhelm the user. The visual layout should also adhere
to design principles such as contrast, repetition, alignment, and proximity to enhance readability and visual

hierarchy.

23



HCI Lessons Notes — The Human \/A Radixia

Help Users Recognize, Diagnose, and Recover from Errors: Error messages should be expressed in plain
language (no codes), precisely indicate the problem, and constructively suggest a solution. This heuristic
emphasizes the importance of user-friendly error handling. When errors occur, the system should provide
clear, understandable feedback that helps users identify what went wrong, why it happened, and how to

fix it. Technical jargon or cryptic error codes are unhelpful and can increase user frustration.

Example: Instead of a generic "Error 404" message, a well-designed website's "Page Not Found" error
page might humorously acknowledge the issue, explain that the page could not be found, and then
suggest concrete actions like checking the URL, navigating to the homepage, or using the search bar. An
online form that highlights specific fields with invalid input and provides clear instructions on how to correct

them (e.g., "Please enter a valid email address") is another effective example.

Help and Documentation: Even though it is better if the system can be used without documentation, it
may be necessary to provide help and documentation. Any such information should be easy to search,
focused on the user's task, list concrete steps to be carried out, and not be too large. This final heuristic
acknowledges that even the most intuitive interfaces might require some form of assistance. Effective help

systems are not just repositories of information but are designed to support users in their tasks.

Example: A software application that offers context-sensitive help, where clicking a "Help" icon next to a
specific feature opens documentation directly relevant to that feature. Online help guides that are easily
searchable, organized by common user tasks, and provide step-by-step instructions rather than lengthy
theoretical explanations. The goal is to provide just-in-time, relevant assistance that helps users overcome

obstacles quickly and efficiently.

4.2.3. Reuse of Previous Work

Beyond conducting new expert evaluations, another valuable approach involves leveraging the extensive
body of existing research and evaluation results. This method, often referred to as meta-analysis or

literature review, entails using findings from previous studies conducted by other experts to inform or
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validate design decisions. The technical literature is rich with insights into the usability of various interface

elements, interaction patterns, and design choices.

For instance, research on the usability of different menu types (e.g., dropdowns vs. mega-menus), the
recall rates of command names, or the effectiveness of various icon designs can be directly applied to a
new project. This approach can significantly reduce the need for redundant experimentation, thereby
saving considerable time and resources. Instead of conducting a new experiment to determine the optimal
number of items in a menu, designers can consult existing research that has already explored this

question.

However, applying this method is not without its challenges and requires a high degree of expertise. A
critical consideration is ensuring the applicability of previous findings to the current context. The usability
of a design element can be highly dependent on the specific user group, task, and environment. Therefore,
an expert is needed to critically evaluate whether the conditions under which the previous research was
conducted are sufficiently similar to the current project to warrant the direct application of its findings.
Without careful consideration, misapplying research findings can lead to suboptimal design decisions.
This method underscores the importance of a well-informed and experienced evaluator who can discern

the relevance and limitations of existing knowledge.

4.3. Evaluation with Users

While expert evaluations offer valuable insights into potential usability problems based on established
principles, they cannot fully capture the nuances of real-world user interaction and experience. To gain a
comprehensive understanding of how a system performs in the hands of its intended audience, it is
essential to involve actual users in the evaluation process. User-based evaluation methods provide direct
feedback on user behavior, preferences, and the effectiveness of the interface in supporting their tasks.
These methods are crucial for identifying issues that experts might overlook, understanding user mental
models, and validating design decisions against real-world usage patterns. Evaluation with users can be
broadly categorized into several approaches, including experimental methods, observational methods,

and query techniques, each offering unique perspectives on usability.
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4.3.1. Evaluation Styles: Laboratory vs. Field Studies

User-based evaluations can be conducted in two distinct environments: the controlled setting of a
laboratory or the natural context of the field. Each environment offers unique advantages and

disadvantages, influencing the type of data collected and the generalizability of the findings.

4.3.1.1. Laboratory Studies

In laboratory studies, users are brought into a controlled environment, often a dedicated usability
laboratory, to interact with the system under observation. This setting is specifically designed to minimize
external variables and distractions, allowing researchers to focus on specific aspects of user interaction.

The advantages of conducting user evaluations in a laboratory include:

Controlled Environment: The laboratory provides a highly controlled setting where researchers can
manipulate specific variables and isolate their effects on user behavior. This allows for precise
measurement and comparison of different design alternatives under identical conditions. For example, if
comparing two different icon designs, a lab setting ensures that other factors like lighting, noise, or

interruptions do not influence the results.

Specialized Equipment: Usability labs are typically equipped with advanced tools such as eye-tracking
devices, screen recording software, audio and video recording systems, and one-way mirrors. These tools
enable detailed data collection on user gaze patterns, mouse movements, keystrokes, verbalizations, and

facial expressions, providing rich qualitative and quantitative data about user interactions.

Minimized Distractions: By removing users from their typical work or home environments, laboratory
studies can eliminate external distractions such as phone calls, colleagues, or personal interruptions. This
allows users to concentrate fully on the task at hand, leading to more focused and uninterrupted

observation of their interaction with the system.

However, the controlled nature of laboratory studies also presents certain limitations:

Artificiality: The primary drawback of laboratory studies is their inherent artificiality. The unnatural setting

can influence user behavior, potentially leading to findings that do not accurately reflect how users would
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interact with the system in their everyday lives. Users might feel observed, leading to self-consciousness
or altered behavior (the Hawthorne effect). For instance, a user might be more careful or less prone to

errors in a lab setting than they would be in their usual environment.

Limited Context: Some usability issues are deeply intertwined with the real-world context of use and may
not manifest in a sterile laboratory environment. For example, a mobile application designed for outdoor
navigation might encounter problems with glare on the screen or difficulty with touch input in cold weather,

conditions that are challenging to simulate accurately in a lab.

Difficulty with Collaborative Tasks: Observing multiple users cooperating on a task can be particularly
challenging in a laboratory setting. Interpersonal communication and collaboration are highly dependent

on the natural context and social dynamics that are difficult to replicate in an artificial environment.

Despite these limitations, laboratory studies are invaluable for specific evaluation goals. They are

particularly well-suited for:

Uncovering Specific Problems: When the objective is to identify precise usability issues related to
particular interface elements or interaction flows. The controlled environment allows for focused

investigation of specific design aspects.

Comparing Alternative Designs: When designers need to compare the effectiveness or efficiency of
different design solutions under identical conditions, ensuring that any observed differences are

attributable to the design variations rather than external factors.

Manipulating Context: When researchers deliberately want to manipulate certain aspects of the
environment or task to observe their impact on user performance or experience. This allows for systematic

testing of hypotheses about user interaction.

4.31.2. Field Studies

In contrast to laboratory studies, field studies involve observing users interacting with the system in their
natural environment—their workplace, home, or any other context where the system would typically be
used. This approach offers a more authentic and ecologically valid perspective on usability, as it captures
the system's performance under real-world conditions. The advantages of conducting user evaluations in

the field include:
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Real-World Context: Field studies excel at capturing the nuances of real-world usage, including
interactions with other systems, environmental factors, and social dynamics. This allows evaluators to
discover problems that are highly context-dependent and might never emerge in a laboratory setting. For
example, a system designed for a noisy factory floor might reveal usability issues related to audio feedback

that would be missed in a quiet lab.

Authentic Behavior: Users are observed in their familiar surroundings, reducing the artificiality that can
affect behavior in a lab. This often leads to more natural and representative interactions with the system,

as users are performing tasks in their usual manner, with their typical interruptions and distractions.

Discovery of Interruption-Related Issues: In real-world environments, users are frequently interrupted by
phone calls, colleagues, or other tasks. Field studies can reveal how the system handles such
interruptions, whether users can easily save and restore their work, and how they recover from disruptions.

This provides valuable insights into the system's robustness and user coping strategies.

Longitudinal Studies: Field studies are particularly well-suited for longitudinal research, which involves
observing user behavior over extended periods —weeks, months, or even years. This allows for the study
of learning effects, long-term satisfaction, the evolution of user habits, and the emergence of new usage

patterns, which are often impractical to assess in short-term laboratory sessions.

Despite their advantages, field studies also come with their own set of challenges:

Lack of Control: The uncontrolled nature of the field environment makes it difficult to isolate variables or
replicate specific conditions. This can make it challenging to attribute observed problems directly to

specific design elements, as many confounding factors might be at play.

Environmental Noise and Distractions: Ambient noise, constant interruptions, and other real-world
complexities can make data collection and observation difficult. Evaluators may struggle to capture all

relevant interactions amidst the chaos, and the presence of distractions can affect user performance.

Observer Effect (Heisenberg Uncertainty Principle): While generally less pronounced than in laboratory

settings, the presence of evaluators or recording equipment can still influence participants' behavior.
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Users might alter their actions, consciously or unconsciously, due to being observed. This phenomenon,
sometimes referred to as the Heisenberg Uncertainty Principle in HCI evaluation, suggests that the act of
observation itself can alter the phenomenon being observed. Users might also try to justify their actions

post-hoc, providing rationalizations that were not their original intent.

Practical Difficulties: Conducting field studies can be logistically complex and time-consuming, requiring
travel, scheduling flexibility, and adaptability to unpredictable environments. Gaining access to real-world

settings and ensuring user cooperation can also be challenging.

Field studies are indispensable for understanding how users interact with a system in their everyday
context, especially for long-term usage patterns and behaviors influenced by environmental factors. They
provide a rich, holistic understanding of usability that complements the controlled insights gained from
laboratory studies. Often, a combination of both laboratory and field studies provides the most

comprehensive evaluation, leveraging the strengths of each approach.

Field Studies

4.3.2. Experimental Methods

Experimental evaluation is one of the most powerful and rigorous methods for assessing a design or a
specific aspect of a design. It involves using controlled experiments to provide empirical evidence to
support or refute a particular hypothesis about user interaction with a system. The strength of controlled
experiments lies in their ability to isolate variables, allowing researchers to determine cause-and-effect

relationships between design choices and user behavior.

4.3.2.1. Basic Form of an Experiment

Every controlled experiment in HCI generally follows a systematic structure:

Hypothesis Formulation: The evaluation begins with the formulation of a clear and testable hypothesis. A
hypothesis is a precise prediction about the outcome of the experiment, framed in terms of the
independent and dependent variables. For example, a hypothesis might state: "Error rate increases when
font sizes decrease." The aim of the experiment is to show that this prediction is correct, or conversely, to

disprove the null hypothesis (which states there is no difference between the conditions being tested).
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Definition of Experimental Conditions: A set of experimental conditions are carefully defined. These
conditions differ only in the value of the independent variables—the factors that the experimenter
intentionally manipulates or changes. All other factors are kept constant to ensure that any observed

differences in user behavior can be attributed solely to the manipulated variables.

Measurement of Behavioral Measures: Changes in dependent variables —the measures of user behavior
or system performance—are recorded and attributed to the different experimental conditions. These

measures quantify the effects of the independent variables on user experience.

4.3.2.2. Key Factors in Experimental Design

Several critical factors must be carefully considered during the design of an experiment to ensure its

reliability and validity:

Participants: The selection of participants is paramount to the generalizability of the experimental findings.
Participants should be chosen to match the expected user population as closely as possible. Ideally, this
involves testing with actual users of the system. If actual users are not available, participants should be
selected to be representative of the target user group in terms of age, education level, relevant experience,
and other demographic characteristics. For instance, using computer science students as participants for
a general consumer product might not yield representative results, as their technical background could

significantly differ from the average user.

Another important consideration is the sample size. While pragmatic considerations often
dictate the number of participants, for controlled experiments intended for statistical
analysis, a minimum of 10 participants per condition is generally recommended to
achieve statistically significant results. A larger sample size helps to mitigate the impact
of individual differences among participants and increases the statistical power of the
experiment.
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Variables: Experiments fundamentally involve manipulating and measuring variables under controlled

conditions to test the hypothesis.

Independent Variables: These are the variables that the experimenter intentionally manipulates or changes.
They represent the different conditions or treatments being compared. Each specific value or setting of an
independent variable is known as a level. For example, in an experiment investigating the effect of menu
size on search speed, the independent variable might be "number of menu items," with levels such as

"five items," "seven items," and "nine items." More complex experiments can involve multiple independent

variables, and the total number of experimental conditions is the product of the levels of each independent

variable.

Dependent Variables: These are the variables that are measured to observe the effect of the independent
variables. They quantify the user's performance or experience. Examples of objectively measurable

dependent variables include:

Time to complete a task: The duration a user takes to successfully finish a predefined task.
Error rate: The number of mistakes or incorrect actions a user makes during a task.
Number of clicks/actions: The total interactions required to achieve a goal.

Task success rate: The percentage of users who successfully complete a task.

Other dependent variables, particularly those related to user satisfaction or subjective experience, may

require specially designed scales (e.g., Likert scales in questionnaires) for measurement.
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Hypothesis: As mentioned, a hypothesis is a prediction of the experiment's outcome, stating that a
variation in the independent variable will cause a difference in the dependent variable. A well-formulated
hypothesis is crucial for guiding the experimental design and analysis. It should be clear, specific, and
testable. Sometimes, experiments aim to disprove the null hypothesis, which posits that there is no
statistically significant difference in the dependent variable between the different levels of the independent
variable. If the null hypothesis can be rejected with a high degree of confidence, it provides support for

the alternative hypothesis (the researcher's prediction).

4.3.2.3. Experimental Designs

The way participants are assigned to different experimental conditions is a critical aspect of experimental

design. Two main methods are commonly employed:

Between-Subjects (Randomized) Design: In a between-subjects design, each participant is assigned to
only one experimental condition. This means that different groups of participants are exposed to different
levels of the independent variable. For example, if an experiment compares two interface designs
(Interface A and Interface B), one group of participants would use only Interface A, and another group

would use only Interface B.

Advantages:

Controls for Learning Effects: A significant advantage of this design is that it controls for learning effects
(also known as transfer effects or carryover effects). Since each participant experiences only one
condition, there is no risk of their performance in one condition influencing their performance in another.
For instance, if a user learns strategies or becomes fatigued while using Interface A, this will not affect

their performance when evaluating Interface B, as a different user group is involved.

Disadvantages:
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Requires More Participants: This design typically requires a larger number of participants compared to
within-subjects designs, as each condition needs its own independent group. This can lead to higher costs

and more time for recruitment and data collection.

Individual Differences: Individual differences among participants (e.g., prior experience, cognitive abilities,
motivation) can introduce variability into the results. While random assignment to groups helps to distribute
these differences evenly, a small sample size might still lead to one group having a disproportionate
number of highly skilled or less skilled individuals, potentially biasing the results. Careful participant

selection and matching across groups can help mitigate this issue.

Within-Subjects (Repeated Measures) Design: In a within-subjects design, each participant experiences
all experimental conditions. This means the same group of participants is exposed to all levels of the
independent variable. For example, if comparing Interface A and Interface B, the same group of

participants would use both Interface A and Interface B.

Advantages:

Fewer Participants Required: This design requires significantly fewer participants than a between-subjects
design, as each participant contributes data to all conditions. This can lead to substantial savings in time

and cost.

Reduced Impact of Individual Differences: Since the same participants are used across all conditions,
individual differences are inherently controlled. Each participant serves as their own control, reducing
variability in the data and increasing the statistical power of the experiment. If a participant is naturally
slow with Interface A, they are likely to be slow with Interface B as well, meaning their individual speed

does not confound the comparison between the interfaces.
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Disadvantages:

Transfer of Learning Effects: The primary disadvantage is the potential for transfer of learning effects.
Participants' experience in one condition might influence their performance in subsequent conditions. This
can manifest as practice effects (improved performance due to familiarity) or fatigue effects (decreased
performance due to tiredness). To mitigate this, counterbalancing is often employed, where the order in
which conditions are presented is varied across participants (e.g., half the participants use A then B, the

other half use B then A).

Mixed Design: A mixed design combines elements of both between-subjects and within-subjects designs.
It is used when an experiment has more than one independent variable, and one variable is assigned
between-groups while another is assigned within-groups. This approach allows researchers to leverage

the advantages of both designs while minimizing their respective disadvantages.

Example: Consider an experiment investigating the effect of both "command set type" (e.g., a verbose
command set vs. a concise command set) and "menu size" (e.g., 5, 7, or 9 items) on user performance. A
mixed design might split participants into two groups, one for each command set type (between-subjects
variable). Within each group, participants would then perform tasks with menus of all three sizes (within-

subjects variable). This allows for efficient testing of multiple factors.

4.3.2.4. Data Analysis

Once experimental data has been collected, the next crucial step is to analyze the results to draw
meaningful conclusions. This typically involves statistical analysis, which helps determine if observed
differences are statistically significant or merely due to chance. While a deep dive into statistical analysis

is beyond the scope of this chapter, some fundamental principles are essential:
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Examine and Save Data: Before applying any statistical tests, it is imperative to visually inspect the data.
Creating graphs, histograms, or scatter plots can reveal patterns, trends, and crucially, outliers. Outliers
are data points that are significantly different from the rest of the data and can disproportionately influence
statistical results. For example, if one participant took three times longer than others to complete a task,
further investigation might reveal an external factor (e.g., iliness, technical issue) that warrants excluding
their data. It is equally important to save the raw data meticulously. This allows for re-analysis using

different methods if initial approaches prove inconclusive or if new questions arise later.

Understand Variable Types: The choice of appropriate statistical tests depends heavily on the type of data

collected. Variables can generally be classified as:

Discrete Variables: These variables can only take a finite humber of distinct values or levels. Examples
include screen color (red, green, blue), gender (male, female, non-binary), or the number of errors made
0, 1, 2, etc.).

Continuous Variables: These variables can take any value within a given range, limited only by the precision
of measurement. Examples include time taken to complete a task, a person's height, or temperature.
Continuous variables can sometimes be converted into discrete categories by grouping them into classes

(e.g., dividing heights into "short," "medium," and "tall").

Parametric vs. Non-Parametric Tests:

Parametric Tests: These statistical tests are used when the data is assumed to follow a specific probability
distribution, most commonly the normal distribution (the familiar bell-shaped curve). Parametric tests are

generally more powerful, meaning they are more likely to detect a true effect if one exists. Many common
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statistical tests, such as t-tests and ANOVA, are parametric. They are robust even if the data deviates

slightly from normality, especially with larger sample sizes.

Non-Parametric Tests: These tests are used when the data does not meet the assumptions of parametric
tests (e.g., not normally distributed, or dealing with ordinal data). Non-parametric tests make no
assumptions about the underlying data distribution and are often based on the ranking of the data rather
than its raw values. While less powerful than their parametric counterparts, they are more flexible and can

be applied to a wider range of data types.

Contingency Tables: A third type of statistical analysis involves contingency tables, which are used to
examine the relationship between two or more categorical (discrete) variables. Data is classified by several

discrete attributes, and the number of data items falling into each combination of attributes is counted.

Statistical analysis helps answer fundamental questions about the data:

Is there a difference? This is addressed through hypothesis testing, which determines if an observed
difference between groups or conditions is statistically significant or likely due to chance. The answer is
typically probabilistic, expressed as a confidence level (e.g., "we are 99% certain that selection from

menus of five items is faster than that from menus of seven items").

How big is the difference? This is addressed through point estimation, often calculated using averages or

means. For example, "selection from five items is 260 ms faster than from seven items."

How accurate is the estimate? This is addressed by providing measures of variation, such as standard
deviation or confidence intervals. Confidence intervals provide a range within which the true population
parameter is likely to fall (e.g., "we are 95% certain that the difference in response time is between 230
and 290 ms").
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While statistical analysis can be complex, understanding these basic concepts allows evaluators to
interpret experimental results effectively and make data-driven design decisions. For complex or critical

analyses, consulting with an experienced statistician is always advisable.

4.4. Observational Methods

Observational methods in usability evaluation involve directly watching users interact with a system to
gather information about its actual use. This approach provides rich qualitative data about user behavior,
challenges, and successes in a natural or simulated environment. Typically, users are given a set of
predetermined tasks to complete, while evaluators meticulously record their actions, verbalizations, and
reactions. While simple observation can provide some insights, it is often insufficient on its own, as it may
not reveal the underlying reasons for user actions or their cognitive processes. Therefore, specific

techniques are employed to gain deeper insights into user decision-making and attitudes.

4.4.1. Thinking Aloud

Thinking aloud is a widely used and highly effective observational technique where users are asked to
verbalize their thoughts, beliefs, and intentions as they interact with the system. As they perform tasks,
users are encouraged to describe what they are doing, what they believe is happening on the screen, why
they are taking a particular action, and what they are trying to achieve. This continuous stream of
consciousness provides evaluators with direct access to the user's mental model and problem-solving

strategies.

4.4.1.1. Advantages of Thinking Aloud:

Simplicity: The technique is relatively straightforward to implement and requires minimal specialized
training for the evaluator. The primary skill needed is to encourage the user to keep talking without leading

them.

Insightful: Thinking aloud provides invaluable qualitative insights into the user's cognitive processes,
revealing their assumptions, confusions, and decision-making rationale. This can uncover usability

problems that might not be apparent from mere observation of actions.

Versatility: It can be employed at various stages of the design process, from early conceptual designs
using paper prototypes or simulated mock-ups to evaluating fully functional systems. This flexibility makes

it a powerful tool throughout the development lifecycle.
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Direct Access to Mental Model: By hearing the user's thoughts, evaluators can gain a direct understanding
of their mental model of the system, identifying discrepancies between the user's expectations and the

system's behavior.

4.4.1.2. Disadvantages of Thinking Aloud:

Subjectivity and Selectivity: The information provided by users can be subjective and may not always be
complete or accurate. Users might omit details they deem unimportant or struggle to articulate complex

thoughts in real-time.

Observer Effect (Reactivity): The very act of verbalizing thoughts can alter how users perform tasks. This
phenomenon, known as reactivity, means that the process of thinking aloud might interfere with the natural
flow of interaction, potentially biasing the results. For instance, a user might perform a task more slowly
or deliberately when asked to verbalize their thoughts, or they might simplify their thought process to make
it easier to articulate. It can be challenging for users to perform a demanding physical or cognitive task

and simultaneously describe it effectively.

Analysis Complexity: While simple to perform, analyzing the rich qualitative data generated from thinking
aloud sessions can be complex and time-consuming, often requiring detailed transcription and thematic

analysis.

4.4.2. Cooperative Evaluation

Cooperative evaluation is a variation of the thinking aloud technique that aims to mitigate some of its
limitations by fostering a more collaborative relationship between the user and the evaluator. In this
approach, the user is encouraged to see themselves as a partner or collaborator in the evaluation process,
rather than just a passive experimental participant. The session typically begins with the user thinking
aloud, but the evaluator actively participates by asking clarifying questions (e.g., "Why did you do that?"
or "What were you expecting to happen?") when user behavior is unclear or when a potential usability

issue is observed.

4.4.21. Advantages of Cooperative Evaluation over Thinking Aloud:

Less Constrained: The interactive nature of cooperative evaluation makes the process less rigid and easier

for evaluators to learn and manage. It allows for more natural dialogue and clarification in real-time.

Encourages Criticism: By positioning the user as a collaborator, they are often more comfortable and
encouraged to openly criticize the system, providing more candid and critical feedback than they might in

a traditional thinking aloud session.
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Immediate Clarification: Evaluators can clarify points of confusion or probe deeper into observed
behaviors as they occur. This real-time interaction maximizes the effectiveness of identifying problem
areas and understanding the underlying reasons for user actions, preventing misinterpretations by the

evaluator.

Richer Data: The dialogue between the user and evaluator can lead to a richer understanding of the user's

experience, including their expectations, frustrations, and suggestions for improvement.

4.4.3. Recording Methods (Protocols)

The effectiveness of observational methods, including thinking aloud and cooperative evaluation, is heavily
dependent on the quality of data capture and subsequent analysis. The record of an evaluation session is
known as a protocol. Various methods can be employed to create these protocols, each with its own

trade-offs:

Paper and Pencil: This is the most primitive and least expensive recording method. The evaluator manually
notes down user actions, verbalizations, and observations. While cheap, it is limited by the analyst's writing
speed and can make it difficult to capture detailed or rapid interactions. Developing coding schemes for

frequent activities beforehand can improve the rate of recording, but this requires preparation.

Audio Recording: Useful for capturing the user's verbalizations during thinking aloud sessions. It provides
a complete record of spoken thoughts and comments. However, it can be challenging to synchronize
audio recordings with specific on-screen actions or other forms of protocol (e.g., handwritten notes or

video), making detailed analysis difficult without additional tools.

Video Recording: Video recording offers a comprehensive visual record of the evaluation session.
Typically, two video cameras are used: one focused on the computer screen to capture system
interactions, and another with a wider focus to capture the user's face, hands, and body language. This
allows evaluators to see what the participant is doing and how they are reacting. Careful positioning of
cameras is crucial to ensure all relevant actions are captured. In some cases, if the computer system is

being logged (see below), a separate screen camera might not be strictly necessary.
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Computer Logging: This method involves automatically recording user actions at a keystroke and mouse-
click level directly by the computer system. It can capture precise timing data and sequences of actions.
Computer logging is highly efficient, unobtrusive, and cost-effective (in terms of human effort, though it
requires storage). It is particularly well-suited for longitudinal studies, where user behavior is tracked over
extended periods (weeks or months), as it can continuously collect data without constant human
intervention. However, implementing computer logging can be challenging with proprietary software
where source code is not available, although some modern software includes built-in logging and playback

features.

User Notebooks: In this method, participants themselves are asked to keep a log of their activities,
problems encountered, and general impressions. This provides a user-centric perspective on their
experience. The level of detail is typically coarse-grained, with entries made every few minutes or hours.

While it provides

interpreted records (which has both advantages and disadvantages), it is especially useful for longitudinal
studies and for capturing information about unusual or infrequent tasks and problems that might not be

observed during a typical evaluation session.

Modern usability testing software, such as Morae (which was mentioned in the slides as a tool used in the
author's lab), often integrates several of these recording methods. For example, such software can
simultaneously record screen video, user audio and video (via webcam), and a chronicle of system events
(like mouse clicks and keystrokes), all automatically synchronized. Observers can even watch the session
remotely and set markers with text notes to flag important moments, facilitating later analysis and the

creation of highlight videos to share with stakeholders.

4.4.4. Post-Task Walkthrough

Data obtained from direct observation, even with thinking aloud, can sometimes lack a complete

interpretation of why certain actions were performed. Users might describe what they are doing (e.g.,
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"and now I’'m selecting the undo menu") but not why that action was necessary (e.g., what mistake they
made that required undoing). Additionally, observational methods may not capture information about

alternative actions the user considered but did not pursue.

A post-task walkthrough attempts to address these limitations by reflecting the participants’ actions back
to them after the evaluation session has concluded. The recorded protocol (e.g., video recording,
computer log, or even a detailed transcript) is replayed to the participant, who is then invited to comment

on their actions or is directly questioned by the analyst about specific behaviors or decisions.

This walkthrough can be conducted immediately after the task, when the participant's memory of their
thought processes is still fresh, or after an interval. While immediate walkthroughs are generally preferred
for accuracy, delayed walkthroughs might lead to more reflective or post-hoc interpretations from the

participant.

4.4.41. Advantages of Post-Task Walkthrough:

Subjective Viewpoint: It provides a valuable subjective understanding of the user's behavior, especially in
situations where real-time verbalization during the task is difficult or disruptive (e.g., during critical, time-
sensitive, or highly intensive tasks). In such cases, a post-task walkthrough might be the only way to obtain

the user's perspective on their actions.

Non-Interruptive: The analyst does not need to continuously interrupt the user's session with questions
about major incidents or confusing behaviors, allowing for a more natural task performance during the

observation phase.

Deeper Insights: By reviewing their actions, users can often recall more details about their thought
processes, alternative strategies they considered, and the reasons behind their decisions, leading to richer

insights than might be obtained from thinking aloud alone.

4.4.4.2. Disadvantages of Post-Task Walkthrough:

Memory Decay: If the walkthrough is conducted too long after the task, the participant's memory of the
event may not be fresh, and they might struggle to recall the exact reasons for their actions. This can lead

to less accurate or incomplete information.
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Rationalization (Post-Hoc Justification): Participants might, consciously or unconsciously, try to make a
good impression by justifying their actions with reasoning that they did not actually have at the time of the

interaction. This post-hoc rationalization can distort the true understanding of their cognitive processes.

Despite these potential drawbacks, the post-task walkthrough is a valuable complementary technique to
direct observation, helping to fill in the gaps in understanding user behavior and providing a richer, more

nuanced interpretation of the observed interactions.

4.5. Query Techniques

Query techniques represent a distinct category of usability evaluation methods that involve directly asking
users about their experiences, perceptions, and preferences regarding an interface. These methods are
invaluable for gathering subjective data, understanding user requirements, and collecting feedback on
specific aspects of a system. They can be employed both during the formal evaluation phase to identify
usability issues and more broadly to gather insights for user research and design. The two primary
interrogation techniques are interviews and questionnaires, each offering unique advantages and

considerations.

4.5.1. Interviews

Interviews involve a one-to-one, direct conversation between an analyst (interviewer) and a user
(interviewee). These sessions typically begin with a set of central questions, planned in advance, to guide
the discussion. The interviewer then follows a top-down approach, starting with general inquiries about a
task or experience and progressively moving to more specific or leading questions, often in the form of
"why?" or "what if?" to encourage the user to elaborate on their responses and delve deeper into particular

aspects of their interaction.

4.5.1.1. Advantages of Interviews:

Flexibility: Interviews are highly flexible and adaptable to the specific context and the flow of the
conversation. Unlike structured questionnaires, interviewers can deviate from the pre-planned questions
to explore unexpected issues or interesting points that emerge during the discussion. This adaptability
allows for a deeper investigation of complex problems or nuanced user experiences that might not be

captured by other methods.
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Rich Qualitative Data: Interviews excel at eliciting rich, detailed qualitative data, including user preferences,
impressions, attitudes, motivations, and emotional responses. The direct interaction allows for clarification

of ambiguous responses and probing for underlying reasons behind user behaviors or opinions.

Discovery of Unanticipated Problems: Due to their flexible nature, interviews can reveal usability problems
or design flaws that were not anticipated by the designer or that did not occur during observational studies.
Users might articulate frustrations or suggest improvements that were not part of the initial evaluation

scope.

High-Level Evaluation: They are particularly effective for high-level evaluations, providing insights into

overall user satisfaction and general perceptions of the system.

4.5.1.2. Disadvantages of Interviews:

Subjectivity: The information gathered from interviews can be highly subjective, influenced by both the
interviewer's questioning style and the interviewee's willingness to share. This subjectivity can make it

challenging to generalize findings across a larger user population.

Time-Consuming: Interviews are generally more time-consuming to conduct and analyze compared to
questionnaires, especially when dealing with a large number of participants. Each interview requires

dedicated time for preparation, execution, and transcription/analysis.

Interviewer Bias: The interviewer's presence, demeanor, or leading questions can inadvertently influence

the user's responses, potentially introducing bias into the data.

4.5.2. Questionnaires

Questionnaires, also known as surveys, are an alternative method of querying users that involve
administering a fixed set of written questions to a group of participants. Unlike interviews, questionnaires
are less flexible as the questions are predetermined, and there is typically no opportunity for real-time
clarification or follow-up. However, this structured approach offers distinct advantages, particularly for

reaching a wider audience and facilitating more rigorous data analysis.

4.5.2.1. Advantages of Questionnaires:

Wider Reach: Questionnaires can be distributed to a large number of participants efficiently, making them

suitable for gathering data from a diverse and geographically dispersed user base.

Efficiency: They are generally less time-consuming to administer and analyze, especially when using

closed-ended questions that can be easily quantified.
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Anonymity: Participants may feel more comfortable providing honest feedback in an anonymous

questionnaire compared to a face-to-face interview, potentially leading to more candid responses.

Rigorous Analysis: Well-designed questionnaires, particularly those with structured response options,

allow for more rigorous quantitative analysis, including statistical comparisons and trend identification.

4.5.2.2. Disadvantages of Questionnaires:

Lack of Flexibility: The fixed nature of questions means that questionnaires cannot easily explore
unexpected issues or delve deeper into nuanced responses. If a significant problem is not covered by a

pre-defined question, it may go undetected.

Limited Qualitative Data: While open-ended questions can be included, questionnaires are generally less

effective at capturing rich qualitative insights compared to interviews.

Response Bias: Response rates can be low, and the self-selected nature of respondents (especially in
online surveys) can introduce bias, as those with strong opinions (either positive or negative) are often

more likely to participate.

4.5.2.3. Types of Questions in Questionnaires

Questionnaires can incorporate various question styles, each designed to elicit specific types of

information:

General Questions: These questions are used to collect demographic or background information about
the user, such as age, gender, occupation, or prior experience with similar systems. This data helps in

segmenting responses and understanding the user context.

Open-Ended Questions: These questions allow users to provide free-form text responses, expressing their
opinions, suggestions, or detailed descriptions of their experiences. Examples include: "Can you suggest
any improvements to the interface?" or "Describe any difficulties you encountered." While valuable for
gathering general subjective information and unexpected insights, open-ended responses can be

challenging and time-consuming to analyze systematically.
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Scalar Questions: Also known as rating scale questions, these ask users to judge a specific statement on
a numerical scale, typically representing a measure of agreement or disagreement, satisfaction, or
frequency. The most common type is the Likert scale, often ranging from 1 to 5 or 1 to 7 (e.g., 1 = Strongly
Disagree, 5 = Strongly Agree). When designing scalar questions, a consideration is whether to use an odd
or even number of scale points. An odd number typically includes a neutral midpoint, while an even number
forces respondents to lean towards either agreement or disagreement, which can be useful if the goal is

to avoid neutral responses.

Multi-Choice Questions: These questions offer respondents a predefined set of explicit response options.
Users may be asked to select only one option (e.g., using radio buttons for mutually exclusive choices like
"Yes/No") or to select all applicable options (e.g., using checkboxes for non-exclusive choices). Multi-

choice questions are easy to answer and analyze, making them efficient for collecting quantifiable data.

Ranked Questions: These questions require users to place items in a list in a specific order of preference
or importance. For example, users might be asked to rank a list of features from most to least important.
From a cognitive perspective, ranking tasks can be quite demanding for users, especially with longer lists.
In computer-based questionnaires, drag-and-drop mechanisms can facilitate this process. For
accessibility or mobile users, alternative implementations like ranking grids (where users select numeric

ranks from a table of radio buttons) can be used.

Video Sentiment Questions: A more specialized type of question, video sentiment questions allow survey
respondents to provide continuous feedback while watching a video. This is typically achieved by dragging
a slider along a range (e.g., from negative to positive) as the video plays, capturing real-time emotional or

cognitive responses to specific moments in the content.
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4.5.2.4. Questionnaire Design Considerations

Effective questionnaire design is crucial for obtaining valid and reliable data. Several key considerations

should guide the development process:

Prioritize Closed Questions: To minimize the burden on respondents and encourage higher completion
rates, it is generally advisable to use closed-ended questions (scalar, multi-choice, ranked) as much as
possible. These questions require less effort from the user and are significantly easier to analyze

quantitatively.

Include Redundant Questions (Carefully): Occasionally, including a few redundant questions that measure
the same construct in different ways can help verify the consistency and seriousness of the respondent's

answers. However, this should be done sparingly to avoid frustrating the user.

Pilot Study: Before distributing a questionnaire to a large audience, it is imperative to conduct a pilot study

with a small group of representative users (e.g., 4-5 participants). The pilot study helps to:

o ldentify any ambiguities or confusing wording in the questions.

o Check if the questions are comprehensible and interpreted as intended.

o \Verify that the response options are appropriate and comprehensive.

o Assess the time required to complete the questionnaire.

o Ensure that the collected data can be analyzed in the desired manner. Debugging the
questionnaire with a small group can prevent significant issues when it is deployed to

hundreds or thousands of users.

Consider Online Distribution: While online questionnaires offer broad reach and efficiency, it is vital to be
cautious about the representativeness of the results, especially if participation is optional. Online
respondents, particularly those actively seeking out surveys, may often represent the extremes of opinion
(either highly satisfied or highly dissatisfied) and may not represent the entire user population. Therefore,

conclusions drawn from such surveys should be interpreted with this potential bias in mind.

By carefully designing and implementing query techniques, evaluators can gather valuable subjective
insights directly from users. This complements the objective data obtained from other evaluation methods

and contributes to a holistic understanding of usability.
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