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Gitit: An Interactive Online Platform for Teaching Command Line
Based Skills Through Visualizations

Tyler P. Buxton

(ABSTRACT)

We developed Gitit, the infrastructure to teach command line and version control skills

which are essential for academia and industry. The tool provides an accessible, engaging

experience that supports learners in developing early practical computer skills. Gitit is a

web-based interactive platform designed to teach command line and Git through interactive

visualizations, scaffolded exercises, and real-time feedback. Gitit is influenced by other tools

that emphasize low cognitive load, learning by exploration, and progressive learning. The

development of Gitit was motivated by our prior work on a longitudinal study examining stu-

dents’ perception of early exposure to practical computing skills. This study revealed that

students value learning early computing skills, but their long-term perception diminishes

over time. Gitit enables exercise and classroom management for instructors and student

progress metrics. The system was evaluated through an expert evaluation and a pilot com-

parative study between beginner and expert user. We found that our system achieved a

System Usability Scale (SUS) score of 82.5, indicating excellent usability. Additionally, the

pilot comparative study demonstrates the tool’s ability to support customized learning and

identify differences between students. Thus, Gitit offers a scalable and adaptable solution

for practical computing education through a learning platform with the potential to improve

instructional outcomes and better prepare students’ practical computing skills.



Gitit: An Interactive Online Platform for Teaching Command Line
Based Skills Through Visualizations

Tyler P. Buxton

(GENERAL AUDIENCE ABSTRACT)

We developed Gitit, the infrastructure to teach command line and version control skills which

are essential for academia and industry. Command line refers to text-based user interface

that allows users to interact with computers through commands. Version control, in this

case Git, is a system used to track changes in developing computer programs. The tool

provides an accessible, engaging experience that supports learners in developing early prac-

tical computer skills. Gitit is a web-based interactive platform designed to teach command

line and Git through interactive visualizations, scaffolded exercises, and real-time feedback.

Gitit is influenced by other tools that emphasize low cognitive load, learning by exploration,

and progressive learning. The development of Gitit was motivated by our prior work on a

longitudinal study examining students’ perception of early exposure to practical computing

skills. This study revealed that students value learning early computing skills, but their long-

term perception diminishes over time. Gitit enables exercise and classroom management for

instructors and student progress metrics. The system was evaluated through an expert eval-

uation and a pilot comparative study between beginner and expert user. We found that our

system achieved a System Usability Scale (SUS) score of 82.5, which is a metric to determine

how usable a system is to use and navigate, indicating excellent usability. Additionally, the

pilot comparative study demonstrates the tool’s ability to support customized learning and

identify differences between students. Thus, Gitit offers a scalable and adaptable solution



for practical computing education through a learning platform with the potential to improve

instructional outcomes and better prepare students’ practical computing skills.
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Students’ ability to learn practical computing skills such as command line and Git is essen-

tial for their success in academia and industry. Studies show that interactive computing

experiences increase students’ persistence in computer science, result in greater confidence,

and self-efficacy [1, 2, 3]. However, these skills are not often taught in traditional computer

science curricula, creating a gap between students with prior exposure and those without [4].

Although institutions are redesigning courses to integrate practical computing skills, there

is still a need for interactive tools that are accessible to students and instructors.

Practical computing skills are essential in software development, which can include non-

computer science majors. These skills are neglected in most undergraduate curricula for non-

computer science majors, creating problems with technical preparation and misconceptions

about the students’ own technical abilities [5]. A solution to addressing this gap could be

an engaging tool that is easily accessed and deployed to a diverse range of learners.

Such multimedia-based tutorials have been shown to improve student learning outcomes.

Previous studies have shown that online tutorials can improve self-learning and engagement

by incorporating animations, videos, and interactive content [6]. Some of the benefits of

web-based learning platforms include the flexibility for students to access and self-learn.

1



However, it is important to allow for instructor configuration in such a system which has

been reported to be a drawback to other tutorials [6]. In addition, other work in this area has

explored game-based tutorials to help teach command line skills [7]. These approaches help

capture the benefits of engagement, but are limited in their flexibility and have difficulties

with students transitioning to practical environments. This creates a need for a tutorial that

can capture the benefits of engagement without compromising the core practicality of the

command line.

Furthermore, studies have shown that just-in-time learning and interactive tutorials are es-

sential for practical computing skills [8]. There are a variety of video-based learning methods;

however, these have been shown to be less effective and engaging than interactive learning

tutorials [8]. It is also essential that these tools provide automated feedback to make the

learning experience more effective than video-based learning [9]. This work aims to create the

infrastructure of a web-based learning environment that addresses the issues highlighted in

previous work such as lack of accessibility, insufficient interactivity, and engagement without

losing practical relevance, and combines effective learning strategies to improve command

line-based education. The following section outlines our main objectives.

The main objective of this thesis is to explore the effectiveness of a tool that establishes the

infrastructure for teaching command line-based concepts through interactive visualizations.

We aim to reduce the cognitive challenges faced by novice learners while promoting early

exposure to essential skills such as command line and Git. We attempt to achieve this objec-

tive by developing a web-based system that is accessible to anyone and provides instructors

with full control over exercise creation, grading, and progress monitoring. The system was



reviewed by expert evaluators to analyze the usability and usefulness of the platform. Lastly,

we analyzed system-generated metrics to compare the user experience between a beginner

and an expert to gauge the accuracy of exercise difficulty and scoring.

The main research questions of this thesis are as follows:

• : How usable is Gitit as a system for instructors to create and manage interactive

exercises?

• What aspects of Gitit contribute to or reduce its usability for instructors and

students?

• : What insights can be gained from Gitit regarding student interactions with

command line and Git exercises?

• : Is a system with interactive visualizations an effective tool for instructors to

teach core command line and Git concepts to students?

The major contributions of this thesis are as follows:

• Developed a novel web-based platform that facilitates classroom and student man-

agement while supporting the integration of customized interactive visualizations for

enhanced learning experiences. The tool can be accessed at the following URL:

https://visualizations.endeavour.cs.vt.edu/
https://visualizations.endeavour.cs.vt.edu/


• Conducted an expert evaluation to assess the effectiveness and user experience of the

system.

• Conducted a pilot comparative study between a beginner and expert to evaluate the

system’s ability to effectively distinguish between different user performance and ex-

ercise difficulty

• Developed a novel system to create exercises at varying levels of difficulty.

• Developed a novel debugging mode to systematically step forward and backwards

through a command line interface.

• Developed a novel infrastructure to deploy future interactive visualizations that are

accessible on one platform.

Chapter 2 covers the existing tutorials and tools that influenced the work. Chapter 3 de-

scribes the research that involves students’ perception of early exposure to practical comput-

ing skills. Chapter 4 describes all the development work involved in creating the Gitit infras-

tructure. Chapter 5 describes the methods and results of the expert evaluation to measure

the usability of the system and investigates the insights gained from the pilot comparative

study between a beginner and an expert. Chapter 6 concludes the thesis and discusses the

direction of future work.



Previous development on this project is detailed in the work of Buxton [10] where individual

interactive visualization tutorials were developed and implemented in a course. However,

there were many limitations to the previous development. A limited set of exercises geared

towards beginners was created, and creating additional exercises required editing the source

code. As a result, the difficulty and complexity of these exercises were not adjustable, which

limited the scope of the tool to novice users.

In addition, the accessibility and usability of the exercises were limited. The exercises could

only be accessed through a course offered at Virginia Tech, which limited access to the

individuals enrolled in the course. The usability of the exercises was limited. For example,

the user’s command history would disappear after each session. This also limited the ability

to further analyze the users’ progression through the exercises.

Recent development addresses these issues. We developed a platform for the individual

exercises to be accessible beyond the course. This system supports the creation and sharing

of exercises within the application. Furthermore, we developed a debugging mode on top of

the existing exercises. In addition, Gitit enables user data to be saved between sessions and

includes functionality to analyze the progression of users. Further functionality to develop

an effective system is outlined in the literature presented in Chapter 2.



Recent research supports the use of interactive visualizations to improve student under-

standing of computer science topics. Studies have shown that when students engage with

visual content, their comprehension and understanding improve. For example, interactive

visualizations were implemented and studied by Mohammed et al. [11] and Farghally et al.

[12]. Both studies were implemented in computer science courses to teach automata and

algorithm analysis concepts. The studies showed that the students found the tools useful

and reported significantly higher scores for the students who used the interactive visualiza-

tions. In addition, tools such as RecurTutor [13] and BTRecurTutor [14] use visualizations

and found that students performed significantly better and had greater confidence in their

recursion skills. Furthermore, CNN explainer reported to increase engagement in learning

convolutional neural networks with interactive visualizations [15]. These studies highlight

the effectiveness of interactive visualizations and support Gitit’s aim of using them to teach

command line and Git skills.
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�7�Q�` �a�i�2�T �k ���M�/ �a�i�2�T �j�X

�Ç �1�/�B�i�B�M�; �i�?�B�b �b�i�2�T �r�B�H�H �`�2�b�2�i �i�?�2 �b�i���i�2 �Q�7 �a�i�2�T �k�X
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