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ABSTRACT

In the ever-evolving landscape of computing interfaces, the debate between Command-Line Interfaces
(CLIs) and Graphical User Interfaces (GUIs) remains a central point of discussion. This study conducts
a comprehensive comparative analysis to examine the strengths, weaknesses, and contemporary
relevance of these two paradigms. The research begins by tracing the historical evolution of CLIs and
GUIs, exploring their respective origins, milestones, and pivotal moments in the development of
human-computer interaction. It delves into the fundamental differences between the two interfaces,
emphasizing their contrasting approaches to user interaction, efficiency, and accessibility. The study
evaluates the contexts in which CLIs and GUIs excel, emphasizing their suitability for diverse computing
tasks and user profiles. It addresses the learning curves associated with each interface, considering
the implications for novice and expert users. This research reflects on the contemporary relevance of
CLls and GUIs in an era marked by rapid technological advancements, discussing their roles in modern
computing, software development, and system administration. By synthesizing historical context,
empirical evaluation, and considerations for the future, this study offers valuable insights into the
enduring debate surrounding CLIs and GUIs and provides a foundation for informed decisions in
interface design and usage.
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1. INTRODUCTION

The evolution of human-computer interaction has been marked by two prominent paradigms:
Command-Line Interfaces (CLIs) and Graphical User Interfaces (GUIs). These two interfaces represent
distinct approaches to how users interact with computer systems, and they have significantly shaped
the way individuals and organizations utilize technology. The evolution of human-computer interaction
(HCI) has been punctuated by two distinct paradigms: Command-Line Interfaces (CLIs) and Graphical
User Interfaces (GUIs). These two interaction methods have played pivotal roles in shaping the way
individuals interact with computers and software systems.
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Historical Evolution:

CLls, with their origins dating back to the earliest days of computing, represent a command-driven
approach to user-computer interaction. CLIs required users to input text-based commands, often
complex and syntax-specific, to initiate and control computer operations (Myers, 1998). Systems like
Unix shell and MS-DOS epitomized this approach, catering primarily to users with programming or
technical expertise. In stark contrast, GUIs ushered in a revolutionary shift in HCI. The introduction of
visual elements such as icons, windows, and menus made computing more accessible to a broader
user base (Johnson & Henderson, 2002). Apple's Macintosh and Microsoft's Windows operating
systems, both launched in the 1980s, were instrumental in popularizing the GUI paradigm. Users could
now interact with computers by pointing and clicking, without needing a deep understanding of
command syntax.

User Experience and Efficiency:

The CLI-GUI debate has long revolved around the trade-off between efficiency and user-friendliness.
CLls are acclaimed for their efficiency and precise control (Nielsen & Molich, 1990). Experienced users
find CLIs indispensable for tasks like system administration, coding, and automation, where command
sequences can be scripted for complex operations (Card et al., 1983). GUIs, on the other hand,
prioritize a user-friendly experience with immediate visual feedback (Shneiderman, 1997). Novice
users and a broader audience gravitate toward GUIs due to their intuitive, graphical nature. GUIs excel
in tasks like document creation, web browsing, and multimedia management.

Accessibility and Inclusivity:

Accessibility considerations have become increasingly crucial in HCI. GUIs typically offer built-in
accessibility features, such as screen readers and voice commands, making them more inclusive
(Lazar et al., 2017). However, CLIs can be made accessible through specialized tools and utilities,
raising questions about how to ensure universal access to technology (Preece et al., 2015).

Hybrid Interfaces and User Choice:

In recent years, hybrid interfaces have emerged as attempts to bridge the CLI-GUI divide (Norman,
1990). These interfaces aim to offer users the advantages of both paradigms, allowing them to choose
the interaction method that aligns with their expertise and the task at hand (Reis & Collins, 2006).
Such developments highlight the ongoing relevance of the CLI-GUI discourse in the context of evolving
technology.

As computing continues to advance, the CLI and GUI paradigms persist as influential and contrasting
models of user-computer interaction. This research endeavors to explore their contemporary roles in
modern computing, the contexts in which each excels, and their implications for user experience,
accessibility, and inclusivity. By considering historical context, empirical evaluation, and the potential
for hybrid solutions, this study seeks to contribute valuable insights for informed decision-making in
interface design and usage.

Research Motivation

The motivation for this study lies in enhancing user experiences, improving efficiency, promoting
accessibility, exploring hybrid interface development, educating users about interface choices,
understanding user preferences, adapting to evolving technology, optimizing training and
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documentation, considering cost and resource implications, addressing system administration and
automation needs, ensuring security, and embracing a user-centric approach to interface design and
selection.

Problem Statement

In the rapidly evolving landscape of human-computer interaction (HCI), the choice between Command-
Line Interfaces (CLIs) and Graphical User Interfaces (GUIs) remains a critical decision for designers,
developers, and end-users alike. However, the selection of the most suitable interface often lacks a
comprehensive framework, resulting in suboptimal user experiences, reduced efficiency, and
accessibility challenges. This study seeks to address the problem of the absence of a unified and
context-aware approach for guiding the choice between CLIs and GUIs in contemporary computing
environments. By identifying the factors influencing this decision, evaluating their impact on user
interactions, and proposing a systematic framework, this research aims to provide practical solutions
for interface design and selection that enhance user satisfaction, productivity, and inclusivity.

Aim and objectives

The primary aim of this research is to conduct a comprehensive comparative analysis of Command-
Line Interfaces (CLIs) and Graphical User Interfaces (GUIs) to inform interface selection and design in
contemporary computing environments. To achieve the aims, the following objectives are specified;

Evaluate Efficiency:
e To assess the efficiency of CLIs and GUIs in performing various computing tasks.
o To identify tasks and scenarios where CLIs outperform GUIs in terms of speed and precision.

To Examine User Experience:
e To analyze user experiences with CLIs and GUIs, considering factors such as ease of use and
satisfaction.

o To investigate the learning curves associated with each interface for novice and experienced
users.

Assess Accessibility and Inclusivity:
e To evaluate the accessibility features inherent in both CLI and GUI environments.
e To explore methods for enhancing the inclusivity of CLIs and GUIs for users with disabilities.

Investigate Hybrid Interfaces:
e To examine the potential of hybrid interfaces that combine elements of CLIs and GUIs.
e To assess the usability and user preferences for hybrid interfaces in specific contexts.

Provide Interface Selection Guidance:
e To develop a framework for guiding the selection of CLIs or GUIs based on task requirements,
user expertise, and accessibility considerations.
e To create clear recommendations for designers, developers, and users when choosing
between the two interfaces.
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Research questions
The following research questions were raised:

1. Isthere a difference in task completion between CLI and GUI?

2. Does user satisfaction differ between CLI and GUI interfaces for specific computing task?
3. Does user make fewer errors when performing tasks using CLI compare to GUI??

4. Does the choice of interface affect user performance in multitasking scenarios?

Research Hypotheses
The following null hypotheses were formulated:

1. There is no significant difference in task completion time between CLI and GUI for common
computing tasks

2. There is no significant difference in user satisfaction ratings between CLI and GUI.

3. Thereis no significant difference in the error rates between CLI and GUI when performing tasks.

4. There is no significant difference in user performance.

Significance of the Study
The significance of a study comparing Command-Line Interfaces (CLIs) and Graphical User Interfaces
(GUlIs) lies in its potential to offer valuable insights, benefits, and contributions in several key areas:

» Improved User Experience: Understanding the strengths and weaknesses of CLIs and GUIs can
lead to interface designs that enhance the overall user experience. This is significant because
user satisfaction and ease of use are paramount in technology adoption.

» Enhanced Efficiency: By identifying the scenarios in which CLIs excel in terms of speed and
precision and where GUIs offer advantages in usability, the study can help users and
organizations make more informed choices. This can lead to increased efficiency in performing
tasks.

» Accessibility and Inclusivity: The study's evaluation of accessibility features and inclusivity
considerations is significant in promoting technology that is accessible to users with
disabilities. It contributes to a more inclusive digital environment.

» Guidance for Interface Selection: The development of a framework for guiding interface
selection based on specific task requirements, user expertise, and accessibility needs is highly
valuable. It offers clear and practical guidance to users and organizations when choosing
between CLIs and GUIs.

Scope of Study

The scope of this study encompasses a comprehensive comparative analysis of Command-Line
Interfaces (CLIs) and Graphical User Interfaces (GUIs) within contemporary computing environments.
It includes the evaluation of efficiency, user experiences, accessibility, and inclusivity of both interface
types. This study explores the emerging field of hybrid interfaces and aims to develop a framework for
guiding interface selection based on task requirements, user expertise, and accessibility
considerations. The research was carried out in five Tertiary Institution in Edo State area, Nigeria.
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The schools are;

University of Benin, Benin City.
Ambrose Ali University, Ekpoma
Benson Idahosa University, Benin City.
Well Spring University, Benin City.

Edo University Ozarue

arwnNE

2. REVIEW OF LITERATURE

2.1Command Line Interface Vs Graphical User Interface

In the realm of human computer interaction, the debate between Command-Line Interfaces (CLIs) and
Graphical User Interfaces (GUIs) has been a subject of extensive research and discussion. in the field
of human-computer interaction continues to evolve with the changing technology landscape.
Researchers have conducted studies to examine and investigate the strengths, weakness, usability,
efficiency, and suitability of these interface types in contemporary contexts, aiming to uncover the
contexts in which one excels over the other. Below are key studies and findings by researchers. Teixeira
et al. (2016), Teixeira and his team explored the user experience aspects of CLIs and GUIs in the
context of mobile applications. Their research revealed that GUIs were more intuitive and preferred by
users, especially in consumer-oriented apps. However, CLIs showed promise in niche applications,
particularly for expert users who valued speed and precision. This study demonstrated the adaptability
of each interface type to different contexts and user groups.

Table 1: Result For CLI

Activity critical value Calculated value (chi square)
Task Completion 9.49 X2=31.67
User Satisfaction 9.49 X2=83.13
Error Rating during  tasks | 9.49 X2=20.62
performance
User performance 9.49 X2=21.66
Table 2: Result For GUI
Activity critical value  calculated value (chi square)
Task completion 9.49 X2=55.78
User satisfaction 9.49 X2=77.64
Error rating during task | 9.49 X2=1410.3
performance
User performance 9.49 X2=175.1

Xie and Wang, (2017), Xie and Wang explored the usability and efficiency of CLIs and GUIs in the
context of cybersecurity tools. Their research focused on tasks that required precision and quick
command entry. They found that CLIs were favored by cybersecurity experts for tasks like network
analysis and scripting due to their speed and flexibility.
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However, GUIs were preferred for tasks involving complex visualizations and real-time monitoring.
Lopes et al. (2017), Lopes and his colleagues investigated the efficiency and correctness of software
testing using CLIs and GUIs. They found that CLIs allowed testers to perform tasks more quickly and
accurately, especially for repetitive and scripted testing procedures. GUIs, on the other hand, were
helpful for exploratory testing and visually identifying issues.

Table 3: Interpretation
Activity

CLI

GUI

Task Completion

The lower completion rate
(31.67) reflects that the
CLI is more challenging for
users, likely due to the
need for precise command
syntax and a steeper
learning curve.

Users are more successful in
completing tasks with the GUI, as
indicated by the higher percentage
(55.78 compared to 31.67 for CLI).

User Satisfaction

Despite the lower task
completion rate, the higher
user satisfaction score for
CLI (83.13) suggests that
users who are proficient
with CLI find it highly
satisfying to use.

The satisfaction score for GUI
(77.64) is also quite high, indicating
that most users find GUIs to be user-
friendly and effective for their
needs.

Error rating during
performance

task

The lower chi-square value
for CLI suggests that once
users are well-trained and
experienced, they make
fewer errors. This
highlights the importance
of adequate training and
practice for users to
become proficient with CLI

Errors in GUIs might be more
frequent but less severe, as users
can often quickly correct mistakes
with visual feedback. The higher
error rate could also be due to the
varied and sometimes complex
graphical elements that can confuse
users.

User performance

This lower value could
imply that proficient CLI
users, who are familiar
with command syntax and
operations, can complete
tasks faster and with fewer
errors, leading to higher
performance efficiency.

This higher performance value could
be due to the diverse skill levels
among GUI users. While GUIs are
designed to be intuitive, they might
not always be as efficient for
experienced users compared to the
precision and speed offered by CLI.
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3. KEY FINDINGS

This comparative analysis of Command-Line Interfaces (CLIs) and Graphical User Interfaces (GUIs)
reveals distinct strengths and weaknesses that influence user experience, performance, and
satisfaction. Here's a summary of the key findings and conclusions:

Task Completion Rates
CLI: Task completion rate is 31.67%. While lower, this reflects the steep learning curve and the need
for precise command syntax.

GUI: Task completion rate is 55.78%. This higher rate indicates that GUIs are generally more accessible
and easier for a wider range of users to complete tasks.

User Satisfaction

CLI: User satisfaction score is 83.13. This high satisfaction suggests that proficient users appreciate
the efficiency and control offered by CLI.

GUI: User satisfaction score is 77.64. Although slightly lower than CLI, this still reflects a positive
experience, indicating that GUIs are user-friendly and effective.

Error Rates

CLI: Chi-square value for error rate is 20.62, indicating fewer errors. Proficient users make fewer
mistakes due to familiarity and expertise.

GUI: Chi-square value for error rate is 1410.3, showing more frequent errors. This higher rate may be
due to the diverse skill levels of users and the complexity of graphical elements.

User Performance

CLI: Performance value is 21.66. This low value suggests high performance efficiency for experienced
users who can complete tasks quickly and accurately.

GUI: Performance value is 175.1. The higher value indicates lower efficiency, likely due to the broader
range of user skills and the need for navigating graphical interfaces.

4. SUMMARY

In modern computing, both CLIs and GUIs play essential roles, each catering to different user needs
and contexts. CLIs offer unparalleled efficiency and control for experienced users, while GUIs provide
a more intuitive and accessible experience for a broader audience. Balancing these interfaces based
on the task requirements and user proficiency can lead to optimal performance, user satisfaction, and
overall system effectiveness. Effective training and design improvements can further enhance the
strengths of each interface, ensuring they meet the diverse needs of contemporary users.

5. RECOMMENDATION

Based on the comparative analysis of Command-Line Interfaces (CLIs) and Graphical User Interfaces
(GUls), the following recommendations aim to optimize user experience, performance, and satisfaction
across different user bases and contexts:
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For Organizations

Assess User Needs and Skill Levels:

Conduct assessments to understand the skill levels and interface preferences of your users.
Tailor interface choices to match user capabilities and task requirements.

Invest in Comprehensive Training

For Developers and Interface Designers

Incorporate User Feedback:

Regularly collect and analyze user feedback to identify pain points and areas for
improvement.

Implement updates and enhancements based on this feedback to continuously improve
usability.

Optimize Performance:

Ensure both interfaces run efficiently across various systems.
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