


significantly reduce errors. This approach could also help

automate the grading process, making it easier for instructors

and teaching staff who are less experienced in robotics to

provide timely but technically relevant feedback.

In this paper, we show the unit testing framework that will

be integrated with the programming assessments activities.

These programming activities will be given to the students af-

ter completing each module or topic to evaluate their technical

progress on robotics learning. We present two study designs

to examine this framework in student learning contexts.

II. BACKGROUND

Robotics in education provides potential education benefits,

positively impacting students by enhancing critical thinking

and problem-solving skills [3], [4], [5], [6]. Delivering quality

robotics education is challenging, particularly in community

colleges, where a scarcity of qualified robotics instructors ex-

ists. Insufficient funding for specialized hardware and software

exacerbates this issue [7]. Additionally, students interested in

robotics may face financial barriers that prevent them from

pursuing this field, given the substantial costs associated with

renting or purchasing robots and training programs. We are

working to bridge that gap through the creation of a self-

directed online robotics learning environment.

A current trend in e-learning is self-directed learning (SDL),

where learners take control over the conceptualization, design,

implementation, and evaluation of their learning. This corre-

sponds with self-determination theory [8], which emphasizes

the importance of autonomy, competence, and relatedness

for continued intention, and has been proven to be pro-

ductive in learning environments. Self-direction is dependent

on the learners’ motivation, self-monitoring, and self-control

[9]. Students have expressed that the process of becoming

a self-directed learner is difficult, frustrating and confusing.

Therefore, this developmental process should be understood

and nurtured; students need a guide for their learning journey

that assists them through the process, hence improving their

experience and performance [10]. A self-regulated e-learning

framework can help reduce participation obstacles and im-

prove students’ access to quality robotics education.

In our earlier work [2], we introduced a novel strategy to

enhance online robotics education by implementing person-

alized learning approaches. A personalized mini-course was

designed that adapts content and pace to each student’s indi-

vidual needs. The course highlighted hands-on, problem-based

learning to cultivate practical skills, including programming

assessments, mathematical problem-solving, etc. Moreover, a

thorough study was conducted to evaluate the effectiveness of

the framework in improving student engagement and learning

outcomes. The findings shed light on the scalability and

broader application potential of the framework in STEM ed-

ucation [2]. However, students also reported being unsatisfied

with the educational tools due to technical issues and a lack

of means to check or test their work during programming

assignments, hence the addition of a TDD-framework for

programming assignments.

Fig. 2. Left- The Prior System Workflow; Right- Proposed Workflow
incorporating Unit Testing Framework, in this system, students can test their
code and get intermediate feedback, which helps them iteratively improve
their robot’s behavior and their programming skills prior to submitting the
assignment

Test-Driven Development (TDD) is a software engineering

practice that revolutionizes traditional programming method-

ologies by enforcing a ‘test-first’ approach, a concept exten-

sively advocated by Martin [11]. In TDD, developers begin

by writing automated tests for a new feature before any

functional code is created. This involves a cycle of writing

a test, verifying that it fails, writing the necessary code to

pass the test, and refining the code to enhance its structure

and efficiency. Unit testing is a crucial step that involves

examining individual components, such as methods or object

classes, to guarantee their proper functioning before being

incorporated into larger systems [1], identifying errors early

in the development process, which simplifies debugging and

enhances the overall quality of the software. Unit testing not

only promotes rigorous validation of software behavior under

predictable conditions but also under simulated events, uti-

lizing mock objects when necessary. Automating unit testing

through frameworks is particularly effective, as it enables rapid

testing and feedback cycles, thus reducing the risks associated

with integration and helping to maintain high standards of

software reliability and maintainability.

III. APPROACH

We designed a test-driven development (TDD) framework

to provide students with predefined unit tests that accompany

each programming task for every topic. These tests will be

embedded within our web-based virtual laboratory [12], inte-

grating into the overall workflow. In this section, we present

the current course module design, as well as our TDD-based

changes to this course workflow, including the feedback that

we can provide to students, shown in Fig. 2.
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Fig. 4. Feedback window prototype showing test results. Students can
review the details of the executed tests. The system will show the purpose,
requirements and outputs of the tests. On the other hand, the system provides
feedback on how the student can verify and correct potential errors.

test failures helps students pinpoint and correct their mistakes,

facilitating a deeper understanding of programming concepts

and improving their coding skills.

D. Feedback System

The unit testing system incorporates with feedback system,

which provides immediate, objective feedback on the assign-

ment goals. This feedback will be presented in a window that

displays the executed tests and indicates which ones passed

or failed, shown in Fig. 4. Students will also have the option

to review the details of each test for further understanding

and improvement. The detailed feedback from each test allows

students to understand specific areas of strength and weakness,

fostering a deeper comprehension of programming concepts

and improving their ability to write robust code.

IV. PROPOSED VALIDATION AND STUDY

We first plan a formative study to demonstrate the proper

operation of the TDD-based feedback system and its overall

utility in the virtual laboratory environment. We plan to do

a between-participants study. The control group will use the

traditional virtual lab environment to complete a programming

assignment; the experimental group will use the test-driven vir-

tual lab environment. We will compare the resultant programs

for each group, looking at:

• program correctness;

• number of iterations testing code before submission;

• student sentiment with the programming experience; and

• assignment grader ease with grading.

These above items will help assess how well the students

perform, how long it takes them to complete assignments, how

students feel about the experience, and whether graders feel

the test-based method is more efficient.

A comprehensive validation of the proposed system, fea-

turing the virtual laboratory and the integrated unit testing

framework, will be conducted with participants enrolled in a

full-semester self-paced robotics course. Prior to the course,

students will undergo a diagnostic test to assess their baseline

knowledge of mathematical concepts and robotics. Addition-

ally, a survey will be administered to gauge students’ prior

experiences and preferences in online courses.

To assess the effectiveness of the proposed system, a regular

class will serve as a control group to compare the results of

students using the proposed system to those in a traditional

linear robotics course. Before the start of the full course, both

groups will take the same diagnostic test and pre-survey. After

the course ends, they will take the same summative assessment

and post-survey. The analysis will assess student satisfaction,

subject matter mastery, and the level of autonomy in learning

to gauge the effectiveness of the proposed approach.

A post-course survey will also include a section to gather

feedback on the effectiveness of the unit testing framework

in assisting students with their assignments. The survey will

assess students’ motivation and satisfaction with the test-driven

development (TDD) approach and the virtual lab web-based

application implemented in the self-paced course.

This validation study aims to provide valuable insights into

the efficacy of the self-paced robotics course compared to the

traditional linear approach, based on concrete data and partic-

ipant feedback. By synchronizing the evaluation of the TDD

approach, we will be able to determine how the continuous,

real-time feedback and iterative problem-solving facilitated by

the unit testing framework impact student learning outcomes

and overall course satisfaction.

V. CONCLUSION AND FUTURE WORK

This paper demonstrates the development of a unit testing

framework within a self-guided, personalized online robotics

learning environment. The integration with the virtual lab-

oratory addresses significant challenges in online robotics

education, such as providing timely and actionable feedback,

enhancing the learning experience, and reducing the manual

grading burden on instructors. By offering real-time, interac-

tive feedback through the unit testing framework, students

can iteratively debug and refine their code, leading to a

deeper understanding of robotics programming concepts and

improved problem-solving skills.

The proposed system’s effectiveness will be validated

through a comprehensive study comparing the self-paced

robotics course with a traditional linear robotics course. Key

factors such as student satisfaction, mastery of the subject

matter, and level of autonomy in learning will be assessed to

gauge the impact of the unit testing framework and the virtual

lab on student learning outcomes. This study aims to provide

valuable insights into the efficacy of the proposed approach,

offering concrete data and participant feedback to support the

broader application of such systems in robotics education.
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