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Abstract

The Computer Aided Learning Management Suite (CALMS) represents a strategic,
technologically advanced initiative designed to advance United Nations Sustainable
Development GOAL 4: Quality Education. CALMS is a website application that integrates a
comprehensive E-learning hub, a dynamic school website management system, and an
analytical results management framework to form a holistic educational platform.

Engineered to support a controlled yet flexible learning environment, the E-learning hub
facilitates rigorous academic engagement under the supervision of educators and guardians. It
offers functionalities ranging from assignment distribution to real-time feedback on student
coursework. A foundational component of CALMS is its use of Television White Space
(TVWS) technology, which ensures reliable connectivity even in areas of low bandwidth,
enabling offline access and resource sharing in underserved regions.

The school website management component of CALMS, designed for users without advanced
programming knowledge, utilizes intuitive plugins for content management, including virtual
magazines and newsletters. Such functionality facilitates wider community engagement and
effective communication without the complexities of PHP or JavaScript.

The results management system of CALMS automates the documentation and analysis of
student performance, enabling educators to address individual learning needs through a virtual
report book that provides detailed analytics and predictive insights.

CALMS is crafted to enhance educational delivery and foster a vibrant community of learners
and educators, promoting an ecosystem where academic excellence and knowledge exchange
thrive. By addressing immediate and long-term educational challenges, CALMS sets a
foundation for sustained innovation and excellence, aiming to make a significant contribution
to global educational standards.
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1. Introduction

As educational systems globally face unprecedented disruptions due to the COVID-19
pandemic, the need for robust, scalable, and innovative technological solutions has become
urgently evident. In Zimbabwe, these disruptions have exacerbated existing inequalities,
particularly affecting rural and underserved areas. The project introduces the Computer Aided
Learning Management Suite (CALMS), a groundbreaking initiative designed to address these
challenges using the novel application of Television White Spaces (TVWS) technology. Unlike
traditional systems, CALMS not only ensures reliable internet access but also incorporates
unique offline functionalities that guarantee continuous educational delivery, even in the
absence of consistent internet connectivity.

The value of CALMS extends beyond mere connectivity; it bridges the significant digital divide
in Zimbabwe by combining reliable internet access and offline functionality with a platform
that integrates adaptive learning technologies and a user-centric design. The suite is
meticulously engineered to enhance educational equity and effectiveness across varied learning
environments, thereby improving the responsiveness and adaptability of educational strategies
during emergency and beyond.

Driven by the urgent need to fulfill the United Nations Sustainable Development Goal 4: Quality
Education, the study explores how CALMS can revolutionize educational delivery through its
advanced technological framework and adaptive learning systems. The initiative envisions a
future where every student, irrespective of geographical or socioeconomic barriers, has the
potential to access quality education and achieve their educational goals.

The introductory chapter lays the groundwork for the project by detailing the motivation behind
CALMS, identifying the challenges it aims to address, and discussing its anticipated impact on
educational accessibility and equity in Zimbabwe. It prepares the reader for a thorough analysis
of technology integration in education, showcasing how innovative solutions like CALMS can
offer substantial benefits in regions most affected by educational disparities.



1.2 Background of the study

In 2021, a study by P.S. Mtetwa highlighted severe disruptions to the educational system
in Zimbabwe, affecting approximately 3.4 million students due to COVID-19 induced
school closures (Mtetwa, 2021). These disruptions prompted the Ministry of Primary and
Secondary Education to deploy makeshift educational methods such as radio and television
lessons, WhatsApp classes, and e-learning libraries. Despite these efforts, the impact was
unevenly distributed, particularly disadvantaging students from economically weaker
sections who faced significant barriers due to insufficient internet access (Chinembiri,
2020).

The digital divide in Zimbabwe is acute, with internet penetration at just 33%,
encompassing about 4.81 million users as of January 2020 (ZimStat, 2020). It is starkly
evident in rural areas such as Chimanimani, Chiredzi, Hwange, and Nkayi, where high data
costs and poor connectivity further exacerbate educational inequalities (Moyo, 2019).
These challenges underline the urgent need for innovative solutions that can bridge the gap
and provide reliable educational access across diverse and economic landscapes.

The proposed CALMS seeks to address these systemic issues by utilizing TVWS
technology, which offers a promising solution for extending reliable and cost-effective
internet access to underserved regions. CALMS is designed to create a comprehensive,
inclusive e-learning platform that facilitates not just basic access to educational resources
but also supports a dynamic and interactive learning environment. It aims to ensure that all
students, irrespective of their location or financial constraints, have the opportunity to
pursue their education seamlessly (Kabweza, 2021)

Envisioned as a transformative tool for educational reform, CALMS is set to enhance the
educational landscape in Zimbabwe by providing a platform that not only bridges the
digital divide but also fosters an inclusive community of engaged learners and educators.
It represents a strategic intervention in pursuit of achieving the United Nations Sustainable
Development Goal 4: Quality Education, promising to equip every student with the
necessary resources to thrive in a globalized digital world (United Nations, 2015).
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1.3 Statement of the problem

The educational sector in Zimbabwe faces significant challenges exacerbated by the
COVID-19 pandemic, which highlighted and intensified existing disparities in digital
access. Despite efforts by the Ministry of Primary and Secondary Education to implement
alternative learning methods, these have not effectively addressed the needs of students
from economically disadvantaged backgrounds, particularly in rural areas. As evidenced
by research from P.S Mtetwa (2021), only a fraction of households in Zimbabwe have
access to reliable internet, with stark disparities in digital resource availability such as home
internet, radios, and televisions. This digital divide is most pronounced in rural districts
like Chimanimani, Chiredzi, Hwange, and Nkayi, where high data costs and poor
connectivity further restrict educational opportunities.

The existing digital platforms and remote learning solutions rely heavily on internet access,
which is not feasible for a significant segment of the student population. It has resulted in
a substantial educational gap, leaving many students without the means to continue their
education effectively during school closures. The need for an innovative, inclusive, and
accessible educational solution is critical.

CALMS proposes to use TVWS technology to bridge the divide by providing reliable and
cost-effective internet connectivity to underserved areas, thus ensuring that all students
have the opportunity to engage in quality education. Such an initiative seeks not to only to
address the immediate challenges posed by the pandemic but to also create a sustainable
model for educational access that can withstand future disruptions and foster long-term
educational equity in Zimbabwe.
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1.4 Objectives of the Study

General Objective:
* To develop and validate the CALMS using simulations in a confined test environment,
aiming to enhance educational access and quality in Zimbabwe, especially in areas with
limited connectivity.

Specific Objectives:

» To assess the current digital divide in educational access within Zimbabwe by analyzing
existing data and simulations that reflect diverse socioeconomic backgrounds and
geographical locations.

* Todesign a scalable e-learning platform using TVWS technology ensuring reliable and
cost-effective internet connectivity for simulated rural and underserved areas.

* To integrate and test adaptive learning technologies within CALMS in a simulated
environment, aiming to provide personalized educational experiences and assess their
effectiveness across various learner profiles.

*To develop and evaluate a dynamic communication system within CALMS that supports
robust interactions between simulated users (students and educators), including real-time
feedback, chatrooms, and collaborative tools.

» To create a decentralized content management system for the CALMS school website
component, enabling simulated user testing by educators with minimal technical expertise
to update and manage educational content effectively

» Toimplement and test analytics-driven results management system within the simulated
environment, enabling the tracking of student performance, identification of learning gaps,
and provision of targeted educational interventions.

* To evaluate the effectiveness and usability of CALMS through rigorous testing in the
confined test zone, focusing on its operational efficiency, user interface, and educational
impact.

» To establish guidelines for the potential real-word application and scaling of CALMS,
based on findings from simulations and testing, including developing comprehensive
training materials for future real-world users.

12



1.5 Research Questions

1.

2.

3.

How effectively can TVWS technology be utilized within CALMS to ensure reliable
and cost-effective internet connectivity in simulated rural and underserved areas?
What are the impacts of integrating adaptive learning technologies in CALMS on the
simulated educational outcomes for diverse learner profiles?

How does the decentralized content management system within CALMS perform when
used by educators with minimal technical skills in a simulated environment?

What are the capabilities of CALMS’s analytics-driven results management system in
identifying learning gaps and enhancing educational interventions in a confined test
zone?

To what extent does the communication system within CALMS facilitate effective
interaction among simulated students and educators, and how does it impact
collaboration and learning?

What are the operational challenges and limitations encountered when implementing
CALMS in a simulated environment, and how can these be addressed to support
scalability and real-world application?

Based on results from the simulated environment, what guidelines can be established
for real-world implementation of CALMS to ensure its effectiveness and sustainability?

13



1.6 Significance of the Study

The significance of the proposed CALMS extends beyond the technological innovation it
represents; it addresses fundamental challenges in the educational access and quality that
are a critical in Zimbabwe and similar contexts globally. The potential impacts of the
research are multifaceted, touching on various aspects of the educational ecosystem. Below
are key areas where CALMS is expected to make a substantial contribution:

Enhancing Educational Access and Equity:

+ CALMS seeks to significantly reduce the digital divide by providing reliable internet
access through TVWS technology, enabling students in rural and underserved areas to have
equitable access to quality educational resources.

Improving Educational Outcomes:

* The suite’s integration of adaptive learning technologies is designed to personalize the
educational experience, thereby enhancing student engagement and improving learning
outcomes, especially for those who have been historically underserved by conventional
educational methods.

Empowering Educators:

» The research explores the potential of a decentralized content management system that
empowers educators with minimal technical expertise to effectively manage and update
educational content, thereby focusing more on pedagogy and less on technological barriers.

Influencing Policy and Decision -Making

» Findings from the study could provide policymakers and educational authorities with
evidence-based insights on the scalability of such technologies, potentially serving as a
model for similar interventions aimed at overcoming educational disruptions.

Advancing Technical Innovation in Education:
« By utilizing TVWS for educational connectivity, the study contributes to the ongoing
discourse on the technological innovations in education, offering viable solutions for
enhancing connectivity in low-bandwidth regions.

Facilitating Scalability and Sustainability

» The operational insights gained from evaluating CALMS in a controlled environment
will aid in refining the system for broader application, setting a foundation for sustainable
and scalable educational technology solutions.

Contributing to Academic Knowledge:

» Systematically documenting the design, and evaluation of CALMS enriches the
academic body of knowledge in educational technology, adaptive systems, and connectivity
solutions, potentially inspiring further research and innovation in critical areas outlined.
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1.7 Scope and Delimitations of the study
Scope of study
The scope of the study encompasses the development and testing of the CALMS within a controlled,
simulated environment. Key areas of focus include:

* Development of an E-learning Platform: the study will design and develop an e-learning
platform using TVWS technology to provide internet connectivity, particularly targeting simulated
rural and underserved areas in Zimbabwe.

» Implementation of a Results Management System
The study will implement and test a results management system within CALMS, focusing on
its ability to analyze and manage student performance data in simulated scenarios.

* User Interaction and Engagement: The research will investigate the interaction between
simulated users (students and educators) and the platform, assessing usability and engagement
metrics.

 Evaluation of Technological Reliability: The reliability and effectiveness of TVWS technology
in a simulated educational setting will be a primary concern, assessing its viability as a
connectivity solution.

Delimitations of the study
The study is delimited to several key areas to maintain focus and manageability:

» Geographical Limitation:

While the findings may have broader implications, the study will specifically simulate
conditions typical of rural Zimbabwean environments. Results may not further directly
apply to other regions without further localized research.

» Technological Constraints:
The study will not explore alternative technologies beyond TVWS for providing internet connectivity
within the simulated environment.

 Simulated Environment:

Testing and evaluation will be conducted in a simulated environment, not in actual field
settings, which may not fully capture the complex real-world interactions and external
factors affecting the deployment and use of CALMS.

« Stakeholder Involvement:
The study will not directly involve real students and educators but will rely on simulated data
and user interactions for analysis.

Scale of Implementation

The initial study will not address the scalability of CALMS across multiple regions or a national
rollout, focusing instead on localized, controlled testing.
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2: Literature Review

Definition of a Learning Management System (LMS)

“Is a software platform that enables the management and delivery of learning content and
resources to students. LMS systems are used widely in higher education and in the corporate
sector to enhance the delivery of online learning, support face-to-face classroom learning, and
facilitate blended learning initiatives. These systems allow instructors to administer courses,
track student progress, and manage both content and learner engagement in a single
environment” (Watson, W. R., &Watson, S.L., 2013)

Functional Aspects of Learning Management Systems

LMSs are integral to modern educational frameworks, offering a diverse range of functionalities
frameworks, offering a diverse range of functionalities to enhance both teaching and learning
experiences. These platforms facilitate the creation, management, delivery, and tracking of
online activities. Course Management is a core feature, where systems like Canvas and Moodle
allow instructors to organize courses, upload content, and schedule assignments, enabling
structured learning pathways.

Assessment Tools within these platforms, such as those in Blackboard, support various types of
quizzes and assignments, which can be automatically graded, providing immediate feedback on
students. Collaborative Tools play a crucial role in enhancing interactive learning: for example,
Schoology incorporates discussion forums and group projects that encourage communication
and teamwork among students.

Analytics and Reporting features are particularly vital for tracking student progress and course
effectiveness. Moodle offers detailed reports on student engagement, performance, and activity
completion, which teachers can use to tailor instructional strategies and provide targeted
support.

Multimedia Integration, available in platforms like Blackboard, allows for embedding
interactive media directly into the course content, which can include video lectures, interactive
simulations, and audio feedback, making learning engaging and accessible. Moreover,
Accessibility Features are increasingly prominent, with systems such as Brightspace offering
built-in support for creating accessible content that meets global standards, ensuring that
learning materials are usable for students with disabilities. Lastly, Mobile Compatibility has
become essential, as seen with the Canvas Mobile App, which allows students and instructors
to access course material and participate in learning activities seamlessly from their mobile
devices. The feature supports ubiquitous learning, enabling students to learn anytime anywhere,
thereby enhancing the overall accessibility and convenience of educational experiences.

Through these functionalities, LMSs not only streamline educational processes but also enrich
the learning environment by making it more flexible, inclusive, and engaging. These systems
are pivotal in shaping the educational experiences of the digital age, catering to a broad spectrum
of learning styles and educational needs.
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2.1 A Detailed History of the Learning Management System
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Early 20t Century: Foundations of Automated Learning

1924: Sidney L. Pressey developed the first mechanical teaching machine, an early precursor to
modern LMS. The device was capable of administering multiple-choice questions and reinforcing
correct answers, mimicking a basic adaptive learning environment (Saettler,2004).

1929: Milton Ezra LeZerte improved upon Pressey’s design with the Problem Cylinder, which also
tested the problem- solving rather than just the outcome, marking a significant step towards
interactive learning (Saettler, 2004).

Mid-20t™ Century: Computer-Based Learning Developments

1956: Gordon Pask and Robin McKinnon Wood introduced “Saki”, an adaptive teaching system,
which was among the first to adjust its feedback based on learner input, laying the ground work for
personalized learning (Pask, 1976)

1960: The PLATO system, developed by the University of Illinois, represented a significant
advancement in educational technology by supporting the creation and management of digital
learning content (Bitzer, 1960).

Late 20™ Century: The Internet and Networked Learning

1969: The launch of ARPANET by the US Department of Defense marked the beginning of
networked communications, essential for the later development of online learning platforms (
Abbate, 1999)

1982: Introduction of TCP/IP protocols facilitated the growth of the internet, which would become
crucial for the development of online learning (Leiner et al., 2009)

1983: Project Athena was launched by MIT, exploring innovative uses of computers in education,
including networked learning environments (Sproull & Kiesler, 1991)

Early to Mid-1990s: Emergence of Commercial LMS

1990: SoftArc launched FirstClass, one of the first e-learning platforms for the Macintosh, allowing
educators and learners to interact digitally (Watson & Watson, 2007).

1991: NKI Distance Education Network introduced Ekko, the first fully featured LMS, setting
standards for subsequent developments in the field (Paulsen, 2002).

1992: GeoMatrix Data Systems released the LMS Partner Training, expanding the scope of LMS
into corporate training (Hall, 1995).

18



Late 1990s to Early 2000s: Expansion and Standardization

» 1997: Blackboard’s Learning Network became the first online learning system to utilize a relational
MySQL database, enhancing data management capabilities in educational platforms (Blackboard
Inc., 1999)

» 2002: Moodle was introduced as the first open-source LMS, emphasizing community collaboration
and modular design (Dougiamas, 2002)

« 2004: SCORM 2004 was released, setting more comprehensive standards for
Interoperability and reusability of e-learning content (ADL, 2004)

2006 to Present: Enhancements and Innovations
. 2006: OLAT 5.0 was launched with a strong focus on collaboration features, reflecting a
shift towards more interactive and communicative learning strategies (Schneider et al., 2006)

. 2008: The release of Eucalyptus, an open-source AWS API-compatible platform,
indicated a move towards cloud computing in e-learning (Nurmi et al., 2009)

. 2012: The rise of multiple modern LMS solutions, like Canvas and Schoology, offered
dynamic, customizable platforms that allowed organizations to choose features based on their
specific needs (Brown et al., 2013).

. 2013: Introduction of Tin Can (XAPI), promoting a more detailed tracking of learning
experiences across different platforms (Tin Can API, 2013)

. 2017: LMS software became increasingly customizable and dynamic, providing more
flexibility for users to select features and integrate with other software (Ferdig & Kennedy,
2017).

Timeline: Integration of Educational Theories in the Evolution of LMS

Operant Conditioning (Behaviorism)-1920s

Operant Conditioning, a theory developed by B.F. Skinner, posits that behaviors are shaped by
their consequences. Reinforcement (positive or negative) increases the likelihood of a behavior
being repeated, while punishment decreases it. The theory emphasizes the external
environment’s role in shaping behavior and is rooted in the idea that learning is a function of
change in overt behavior (Skinner, 1958).

Early mechanical teaching machines designed by Sidney L. Pressey in 1924 implemented
operant conditioning by providing immediate feedback based on student responses. If the
response was correct, students could advance, effectively using positive reinforcement to
encourage learning. The foundational concept was instrumental in the development of LMS
features that include quizzes and automated feedback mechanisms, ensuring that learners
receive immediate reinforcement for their actions.
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The success of behaviorist principle in LMS can be observed in the widespread adoption of
adaptive learning paths that adjust based on learner responses, enhancing engagement and
retention by reinforcing desired learning behaviors.

Cognitive Development Theory (Cognitivism)-1950s and 1960s, and further expansion1970s
and 1980s

Cognitive Development Theory, championed by psychologists like Jean Piaget and later
expanded by Jerome Bruner, focuses on the mental processes involved in learning. Unlike
behaviorism, which views learning as a passive acquisition of habits, cognitivism sees learners
as actively engaged in constructing their understanding through internal processing of
information (Bruner, 1961).

Computer-based LMS like PLATO incorporated features that required learners to engage in
complex thinking, such as problem-solving and hypothesis testing. These systems were
designed to go beyond rote memorization, encouraging learners to understand underlying
concepts and apply knowledge in next contexts, thereby fostering deeper cognitive engagement.

The integration of cognitive principles has led to the development of LMS platforms that
support a variety of instructional strategies, such as scenario-based learning and simulations,
which are proven to enhance comprehension and application skills in diverse learning
environments.

Social Development Theory (Constructivism)-1990s

Lev Vygotsky’s Social Development Theory posits that social interaction plays a fundamental
role in the development of cognition. Vygotsky emphasized the importance of cultural and
social interactions for cognitive development, suggesting that learning occurs first through
social interaction and then integrated internally by individuals (Vygotsky, 1978).

Modern LMS platforms leverage this theory by incorporating collaborative tools such as
discussion forums, peer review modules, and group projects. These features facilitate the social
construction of knowledge, allowing learners to interact, discuss, and solve problems
collaboratively.

The success of constructivist applications in LMS is evidenced by enhanced learner engagement
and improved critical thinking skills among students who learn in socially rich, interactive
environments. The approach aligns with the increasing focus on developing soft skills and
critical thinking in educational curricula.

Connectivism-2000s

Provided by George Siemens, connectivism is a theory that recognizes the role of technology
in learning and argues that knowledge exists outside the learner, distributed across a network of
connections. Learning thus becomes a process of navigating and growing within these networks,
which include social, technological, and conceptual links (Siemens, 2005) Connectivism has
influenced LMS designs that emphasize the integration of learning analytics, cloud-based
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content, and mobile learning technologies. These systems facilitate connection between learners
and vast arrays of informational content, peers, and communities, thereby extending learning
opportunities beyond traditional classroom boundaries.

The success of connectivism principles in LMS is seen in the enhanced capacity for lifelong
learning and continuous professional development that modern LMS platforms provide.

Learners can access a global network of resources and expertise, adapting their learning
pathways in real-time to meet personal and professional needs.

2.2 Overview of Learning Management Systems in Low Connectivity Areas

LMS Ratings Data

LMS User Rating (out of 5) Analyst Score (out of 100)
Moodle 4.3 86
Canvas 4.7 91
Blackboard Learn 4.0 80
Brightspace 4.5 85

LMS Ratings Data

BrightSpace
Blackboard Learn

Canvas

Moodle

o

10 20 30 40 50 60 70 80 90 100

B Analyst Score M User rating

Data Source: SaaSworthy(2023), SelectHub (2023), G2 (2023)
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Detailed Analysis of LMS Ratings: Advantages and Drawbacks

Moodle

User Rating: 4.3/5

Analyst Score: 86/100

Advantages:

. Open-Source Flexibility: Moodle is open-source, allowing organizations to customize the
platform extensively to meet specific requirements (SaaSworthy, 2023). Its plugin ecosystem supports

a variety of features, including gamification, advanced reporting, and collaborative tools.

. Cost-Effectiveness: As an open-source platform, it is free to download and use, making a cost-
effective solution for institutions with limited budgets.

. Global Adoption and Community Support: Moodle is widely used worldwide, with a strong
community of developers and users contributing to continuous improvements.

. Feature-Rich: Moodle supports advanced features like blended learning, asynchronous learning,
and SCORM compliance, which align with modern pedagogical approaches.
Drawbacks:

. Steep Learning Curve: Users often cite the interface as outdated and less intuitive compared
competitors like Canvas or Brightspace, which negatively impacts usability (G2, 2023).

. High Maintenance Requirements: The open-source nature means institutions must dedicate
resources to hosting, managing, and updating the system.

. Limited Built-In Tools: While plugins expand functionality, the core platform has fewer built-
in features, which may require additional setup.

Why the results?

Moodle’s high rating reflects its flexibility, affordability, and extensive community support.
However, its lower user-friendless and higher maintenance burden slightly reduce its overall
rating.
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Canvas

User Rating: 4.7/5
Analyst Score: 91/100

Advantages:

. User-Friendly Interface: Canvas is praised for its intuitive and modern interface, making it
accessible it accessible for both educators and learners (SaaSworthy, 2023).

. Mobile-Friendly Design: its robust mobile app ensures seamless access across devices,
enhancing its appeal in an increasingly mobile-first world.

. Advanced Integrations: Canvas supports integration with third-party tools like Google Drive,

Turnitin, and Zoom, which enhances functionality and collaboration.

. Scalability and Cloud-Based Delivery: Being entirely cloud-based, Canvas ensures reliable
performance without the need for complex on-premise infrastructure.

Drawbacks:

. Higher Cost: Canvas is considered expensive compared to open-source alternatives like Moodle,
limiting its accessibility for smaller institutions (SelectHub, 2023).

. Complexity in Advanced Features: While the basic interface is user-friendly, configuring
advanced features or analytics can be challenging without technical expertise.

Why the Results?

Canvas’s high rating are driven by driven by its superior user experience, mobile accessibility,
and robust cloud-based architecture. However, its costs limits adoption in low-resource settings.

Blackboard Learn

User Rating: 4.0/5
Analyst Score: 80/100

Advantages:
. Comprehensive Features: Blackboard excels in course management, with tools for grading,
attendance tracking, and content delivery.

. Corporate and Higher Education Focus: Blackboard is well-suited for large organizations and
universities, offering enterprise-grade capabilities like accreditation tracking and reporting.
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. Content Accessibility: The platform includes accessibility features, such as screen reader
compatibility and captioning tools, aligning with universal design principles.

Drawbacks:

. Dated Interface: Blackboard’s interface is often described as cluttered and less intuitive
compared to newer platforms like Canvas (G2, 2023).

. High Cost: Its premium features come at a steep price, making it less appealing for smaller
institutions.
. Frequent Technical Issues: Users have reported issues with system reliability, including

occasional downtime and difficulty navigating complex workflows (SaaSworthy, 2023).

Why the Results?

Blackboard Learn scores lower due to its outdated interface and higher cost, despite its rich
feature set. It remains popular for institutions that prioritize comprehensive course management.
Brightspace

User Ratings: 4.5/5

Analyst Score: 85/100

Advantages:

. Focus on Accessibility: Brightspace includes innovative features such as text-to-speech, closed
captions, and high contrast modes, making it one of the most inclusive LMS platforms (SelectHub,
2023).

. Customizable Learning Paths: It offers advanced tools for creating personalized learning
experiences tailored to individual students’ needs.

. Strong Support for Asynchronous and Synchronous Learning: Brightspace combines real-
time collaboration tools with flexible asynchronous learning options.

. Engagement Tools: Features like gamification and video-based assignments enhance student
engagement.
Drawbacks:
. Steep Learning Curve for Administrators: Setting up and managing courses can be

challenging for first-time users due to the platform’s advanced configurations.
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. Limited Free Features: Unlike Moodle, Brightspace lacks an open-source capability, and the
licensing costs can be prohibitive for some users.

. Less Extensive Integration Ecosystem: Brightspace supports fewer third-party tools compared
to Canvas or Blackboard.

Why the results?

Brightspace’s high ratings are fueled by its accessibility features, advanced pedagogical tools,
and balanced approach to synchronous and asynchronous learning. Its drawbacks, such as a
steeper learning curve, prevent it from surpassing Canvas.

Summary of Rating Analysis

LMS Advantages Drawbacks

Moodle Flexibility, community support, Steep learning curve, high
cost-effectiveness maintenance requirements

Canvas User-friendly, mobile-focused, High cost, complexity in advanced
robust integrations features

Blackboard Comprehensive features, Dated interface, high cost, technical

Learn enterprise-grade capabilities issues

Brightspace Accessibility, personalized Steep learning curve, limited
learning, engagement tools integrations, high licensing costs

The Need for CALMS: Insights from Existing LMS Platforms

The invention of CALMS arises from the need to address gaps identified in existing LMSs,
particularly Canvas and Brightspace. Canvas has been lauded for its user-friendly interface,
which simplifies navigation and makes it accessible to a diverse range of users (SaaSworthy,
2023). However, its cost is prohibitive for many institutions, especially those in low-resource
environments like Zimbabwe. Conversely, Brightspace emphasizes accessibility through
innovative features like text- to-speech tools and high-contrast modes, making it inclusive for
learners with disabilities. Nevertheless, Brightspace suffers from a steep learning curve,
particularly for administrators managing the platform (SelectHub, 2023).

CALMS draws on the strengths of these systems by incorporating user-friendly navigation for

students, teachers, and administrators, while embedding accessibility features such as offline

content delivery, and a simplified workflows for administrators. Furthermore,

CALMS seeks to address their weaknesses by providing a cost-effective solution that leverages TVWS
technology to ensure connectivity even in underserved regions. By building on these insights, CALMS is
positioned as an innovative platform tailored to Zimbabwe’s unique educational and infrastructural needs.

25



Justifying the Elements of CALMS

The features of CALMS were intentionally chosen to address the limitations of existing systems while
promoting educational inclusivity and engagement:

*E-learning Hub (Chatroom):

Many LMS platforms lack tools for direct, real-time communication. CALMS integrates a
chatroom to facilitate discussions between teachers, students, and parents, even in offline mode.
The feature fosters collaboration and improves supervision, ensuring that educational support
is readily available.

*School Website Management System:

Unlike Canvas and Brightspace, which can often require third-party integrations for website
functionality, CALMS includes a built-in website management system. The feature allows
schools to publish newsletters, updates, and announcements without requiring advanced
programming knowledge. It ensures wider community engagement and bridges the gap between
schools and their communities.

*Results and Management System:

Addressing the need for performance tracking, CALMS automates the recording, analysis, and
dissemination of student results. It provides real-time analytics and predictive insights, enabling
educators to identify learning gaps and other tailored interventions.

By integrating these features, CALMS becomes a comprehensive solution that addresses both
instructional and administrative challenges in Zimbabwe’s educational sector.

CALMS: Poised to be the best E-learning platform in Zimbabwe

The CALMS emerges as a potentially transformative e-learning platform tailored specifically
for the unique challenges and opportunities within Zimbabwe’s educational sector. By
addressing the gaps in existing LMSs and aligning with local needs, CALMS positions itself as
a leader among e-learning platforms in Zimbabwe. The section outlines why CALMS is likely
to outperform other e-learning platforms, using examples to highlight its advantages.

Challenges with Existing E-Learning Platforms in Zimbabwe

Current e-learning platforms used in Zimbabwe, such as Moodle, Canvas, Google Classroom,
Blackboard and Ruzivo Digital Learning Platform, offer substantial features but also face
significant challenges in the local context:

. Moodle: While Moodle is cost-effective and highly customizable due to its open-source
nature, its interface is considered outdated and difficult to navigate for users with limited
technical expertise (G2, 2023). Additionally, Moodle lacks robust offline functionality, which
is essential in low-connectivity areas.
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. Canvas: Canvas is praised for its user-friendly interface and advanced features but its
high cost makes it inaccessible for most schools in Zimbabwe, particularly those in rural or
lowincome areas (SaaSworthy, 2023). Furthermore, Canvas relies heavily on internet
connectivity, limiting its utility in underserved regions.

. Google Classroom: Google Classroom is easy to use and integrates seamlessly with
other Google tools. However, it provides limited analytics for tracking student performance and
does not support advanced features like personalized learning paths, which are essential for
targeted interventions (SelectHub, 2023).

. Blackboard Learn: Blackboard is feature-rich but expensive and complex to manage,
making it less suitable for smaller institutions or schools with limited administrative capacity.

Moreover, it lacks customization options to address the specific needs of Zimbabwe’s education
sector (TechRadar, 2023).

. Ruzivo Digital Learning Platform: As a locally developed platform, Ruzivo Digital
Learning aligns well with Zimbabwe’s primary and secondary school curriculum. It provides
interactive content and allows offline access by downloading materials in advance. However, it
lacks advanced features like performance analytics, personalized learning paths, and
administrative integration. Furthermore, Ruzivo relies on partnerships with telecom providers
for zero-rated bundles, which still require mobile network coverage. In extremely remote areas
like Chimanimani or Lupane, where network infrastructure is limited, Ruzivo struggles to
provide reliable access (POTRAZ, 2023).

Ruzivo Digital Learning Platform: Why It is Commonly Used in Zimbabwe Among Primary and
Secondary Education?

The Ruzivo Digital Learning Platform is a locally developed e-learning system that aims to
enhance digital education in Zimbabwe. Ruzivo is widely adopted in Zimbabwe’s primary and
secondary school sectors due to its alignment with the national curriculum, affordability, and
accessibility. While the platform has made significant strides in advancing digital education, it
has also limitations that CALMS aims to address.

Strengths of Ruzivo Digital Leaning Platform:

*Alignment with the Zimbabwean Curriculum

Ruzivo’s content is specifically aligned with Zimbabwe’s Ministry of Education standards,
providing tailored learning resources for local students. This alignment ensures that learners
access materials directly relevant to their classroom instruction and national examinations.

. Example: Ruzivo includes interactive exercises and quizzes based on Zimbabwe’s
primary and secondary school syllabi, making it an effective digital extension of traditional
teaching methods (Chinyani, 2017).
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Offline Accessibility

The platform allows for the downloading of learning of learning materials for offline use, which
is particularly useful in areas with intermittent internet connectivity. This feature bridges the
digital divide for students and teachers in rural and underserved areas, where reliable internet
access is often unavailable.

. Example: Teachers in rural areas like Muzarabani can pre-load content onto devices for
students, enabling uninterrupted learning even during internet outages (Nyamayedenga, 2021).

Affordable Pricing

Ruzivo provides affordable access to digital learning resources, often partnering with telecom
operators such as Econet Wireless to offer zero-rated internet bundles. These partnerships
significantly reduce data costs, making e-learning accessible to economically disadvantaged
families.

. Example: Students in rural regions like Chimanimani benefit from the affordable
pricing model, which eliminates barriers to accessing educational resources online (POTRAZ,
2023)

Focus on Younger Learners

Ruzivo is highly effective for primary and secondary school students, offering engaging content
designed to enhance literacy, numeracy, and STEM education. The platform’s interactive
approach helps to develop foundational skills critical for further academic and professional
success.

*Example: Ruzivo provides digital exercises and gamified quizzes in Mathematics, Science,
and English that foster interest and engagement among young learners (Shumba & Mawere,
2018).

Limitations of Ruzivo Digital Learning Platform

Limited advanced Features

. Ruzivo focuses on content delivery but lacks advanced features like performance
analytics, real-time collaboration, or a parent portal to monitor student progress. These
limitations hinder its ability to offer a comprehensive digital learning experience.

. Example: Unlike CALMS, Ruzivo does not provide a robust management system that
allows educators to track detailed student performance and identify areas requiring targeted
interventions (Chinyani, 2017; Shumba & Mawere, 2018).

Dependency on Telecom Partnerships

While Ruzivo offers zero-rated internet bundles through partnerships with telecom providers,
its functionality is still constrained by the availability of mobile network coverage in rural areas.
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This dependency on telecom infrastructure limits its accessibility for students and teachers in
remote regions.

. Example: Students in extremely remote regions like Binga or Chimanimani may
struggle to access Ruzivo, even with zero-rated bundles, as mobile network coverage is sparse
in these areas (POTRAZ, 2023).

Narrow Target Audience

Ruzivo primarily caters to younger learners, specifically those in primary and secondary school,
leaving gaps in its utility for higher educational or professional training. This limited scope
reduces its adaptability for diverse educational needs.

. Example: Unlike platforms designed for broader audiences, such as tertiary students or
vocational trainees, Ruzivo does not offer advanced content or tools for professional
development (Nyamayedenga, 2021).

Lack of Integrations

Unlike CALMS, Ruzivo does not integrate administrative tools such as website management,
communication hubs, or detailed analytic systems for schools. The absence of these tools limits
its ability to streamline school operations alongside facilitating learning.

. Example: Schools using Ruzivo need to rely on separate tools for website updates or
administrative tasks, increasing complexity and reducing efficiency (Chinyani, 2017).

Why CALMS Outperforms Ruzivo
Broader Functionality

CALMS integrates an E-learning hub, results management system, and school website
management system, providing a comprehensive solution for educators and administrators. This
integration allows schools to consolidate various educational and administrative tasks into a
single platform.

. Example: A headmaster in Chiredzi can use CALMS to manage results, update the
school’s website, and facilitate communication with parents- all from one platform. Ruzivo,in
contrast, focuses primarily on delivering curriculum-aligned content and lacks administrative
tools ( Chinyani, 2017).

Scalability Across Education Levels

CALMS caters to leaners across various education levels, including primary, secondary,
tertiary, and professional development programs. This scalability ensures that CALMS can
serve diverse educational needs within Zimbabwe.

. Example: CALMS supports personalized learning paths for secondary school students
while also providing advanced analytics for tertiary educators, making it versatile across
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different education levels (Nyamayedenga, 2021). By comparison, Ruzivo focuses exclusively
on primary and secondary education, leaving gaps for higher-level learners (Shumba &
Mawere, 2018).

TVWS integration:

Unlike Ruzivo, which relies on mobile network partnerships for connectivity, CALMS utilizes
TVWS technology to provide reliable internet access in rural areas. TVWS leverages unused
broadband connectivity, overcoming the challenges of limited network penetration.

eExample: In regions like Lupane, where mobile network coverage is minimal, CALMS can
seamlessly deliver educational content via TVWS. Ruzivo, which depends on mobile networks,
would face challenges due to poor coverage (Mawere & van Stam, 2016).

Offline Capabilities

CALMS allows users to access and synchronize content offline, ensuring continuous learning
even in the absence of an active internet connection. While Ruzivo supports offline
downloading, CALMS goes further by enabling dynamic content synchronization and seamless
offline updates.

. Example: In areas with intermittent connectivity, such as Muzarabani, CALMS ensures
that learning and administrative tasks continue without disruption, giving it a significant
advantage over Ruzivo’s more limited offline functionality (Nyamayedenga, 2021).

Holistic Educational Ecosystem

CALMS promotes a community-centered approach by including features such as chatrooms,
parent portals, and analytics dashboards. These features foster collaboration and engagement
among students, teachers, and parents, creating a more inclusive learning environment.

. Example: A parent in Mwenezi can use CALMS to monitor their child’s progress,
communicate with teachers, and access performance analytics, enhancing their involvement in

the child’s education. Ruzivo does not offer such robust parental engagement tools (Chinyani,
2017).
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Comparative Analysis: CALMS vs Ruzivo VS Global LMS Platforms

Feature CALMS Ruzivo Digital Canvas Moodle
Offline Advanced with Limited to Not available Limited offline
Functionality TVWS preloaded content support
Curriculum Local and global Aligned with Limited High
Alignment adaptability Zimbabwe customization customization
curriculum
Cost Affordable for low- Affordable with High Free, but high
income schools telecom bundles maintenance
Target Primary to tertiary Primary and Tertiary and Tertiary and
Audience secondary professional professional
Scalability High Moderate High High
Integration Fully integrated (E- Learning content Learning only Learning only
learning + Admin) only

Overall Summary: CALMS vs. Global LMS Platforms

The CALMS emerges as the most comprehensive and contextually appropriate solution when
compared to both local and global LMSs, such as Ruzivo Digital, Canvas, and Moodle. This
superiority is attributed to its targeted design for Zimbabwean education needs, innovative
integration of cutting- edge technologies, and its ability to bridge both infrastructural and
pedagogical gaps.

Calms stands out as the ultimate upgraded version of existing LMSs because it directly
addresses the unique challenges of Zimbabwe’s educational landscape while incorporating
global best practices. Its reliance on TVWS technology bridges connectivity gaps in rural areas,
making it more inclusive and innovative than platforms like Ruzivo, Canvas, or Moodle.
Additionally, its integration of administrative and educational tools creates a holistic ecosystem
that promotes collaboration, efficiency, and equity in learning.

By offering a balance of affordability, accessibility, and advanced features, CALMS sets a new
standard for digital education in Zimbabwe and beyond, aligning with United Nations
Sustainable Development Goal 4 (Quality Education) and laying the foundation for a more
connected and educated future.

31



2.3 TVWS: A Networking Concept for CALMS

TVWS refers to the unused spectrum in the Very High Frequency (VHF) and Ultra High
Frequency (UHF) bands of the television broadcast spectrum. These frequencies were originally
allocated for television broadcasting but remain unutilized or underutilized in certain
geographical areas. TVWS can be repurposed to provide broadband internet, especially in rural
and underserved regions (Mawere & Van Stam, 2016).

What is TVWS?

* Definition: TVWS are portions of the radio frequency allocated to broadcasting services but
not used locally. These vacant channels can be harnessed to deliver wireless broadband internet
without interfering with existing TV broadcasts (Potraz, 2021).
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Carlson Wireless Technologies. (n.d.). illustration of TV White Space (TVWS) Technology Deployment.
Retrieved from https://www.carlsonwireless.com

Figure: Illustration of TVWS Deployment. The figure demonstrates how TVWS technology is
used to provide broadband connectivity over a large area, overcoming physical obstacles such
as hills and valleys. It shows a base station broadcasting signals using TVWS antennas to a
client radio on the other side of the hill, illustrating the long-range and obstacle penetrating
capabilities of TVWS. The setup involves a RuralConnect base station transmitting to client
radios, highlighting the role of TVWS in extending internet access to remote and underserved
areas.

How TVWS works:
TVWS technology repurposes unused portions of the radio spectrum, originally allocated for

television broadcasting, to deliver broadband internet. This approach leverages advanced
cognitive radio technology to utilize frequencies that are not currently in use, ensuring effective
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and efficient communication without interference. Below is a detailed breakdown of how
TVWS operates, including an examination of each involved gadget.

Base Station

 Function: The base station is the central transmitting and receiving unit for the TVWS network.
It connects to an internet source (such as a fiber-optic link) and then transmits data using TVWS
frequencies.

» Working:

* Internet Connection: The base station connects to a broadband source (e.g., fiber-optic
connection). This high-speed link forms the backbone of the TVWS network (Potraz, 2021).

* Cognitive Radio Technology: The base station uses cognitive radios that automatically detect
which channels in the TV spectrum are not being used and determine which frequencies are
available. This prevents interference with any active television channels or other services using
frequency (Mawere & Van Stam, 2016).

» Transmission: The base station uses its high-power transmitter to send data over TV frequencies.
These signals are broadcast using omnidirectional antennas to cover a large area, such an entire
rural community.

TVWS Antennas

 Function: Antennas are used for both transmitting and receiving data signals. There are two
types of antennas typically involved: omnidirectional antennas and directional antennas.

* Types:

* Omnidirectional Antennas: Used at base stations to broadcast the signal in all directions to
cover a broad area. This ensures the signal reaches many Customer Premises Equipment (CPE)
units without being direction-specific (IEEE Dynamic Spectrum Access Networks Standards
Committee, 2018).

* Directional Antennas: These are used on the customer side, such as at a school or community
center. Directional antennas focus their reception capability towards the base station, thereby
maximizing the received signal quality (Ofcom, 2017).

*Working:

» The omnidirectional antenna at the base station broadcasts the internet signal, while the
directional antenna at the customer end receives this signal. This setup is particularly useful in
rural and rugged areas because the long-range capabilities of TVWS signals and the focused
nature of directional antennas ensure a high-quality reception.
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Customer Premises Equipment (CPE)

* Function: CPE units are specialized devices that are installed at the end-user location to receive
the broadband signal transmitted by the base station.

e Components:

» Antenna: The CPE uses a directional antenna to receive the signal from the base station. The
antenna points towards the base station, optimizing reception.

» Radio Module: CPEs are equipped with a radio module that decodes the received signal into
usable. This module operates within the TV spectrum frequencies and functions similarly to a
Wi-Fi receiver, but over longer distances (IEEE Dynamic Spectrum Access Networks Standards
Committee, 2018).

» Network Ports: CPE units typically have Ethernet ports to connect to routers or directly to
computers.

» Working:

» The CPE antenna focuses on receiving the internet signal broadcast from the base station. Once
the signal is received, the CPE converts it into data that can be accessed by a router or computer.

* The CPE also includes adaptive technology to automatically switch between available
frequencies, ensuring consistent connectivity even if one frequency becomes unavailable
(Mawere & Van Stam, 2016).

Routers and Network Switches

* Function: Routers and network switches help distribute the received internet signal from the
CPE throughout the local network.

* Types:

» Wi-Fi Router: Distributes the internet wirelessly across multiple devices such as laptops, tablets,
and mobile phones.

* Network Switch: Provides wired connections to devices like computers, printers, and other
networking hardware (Cisco, 2019).
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» Working:

* Once the CPE receives the broadband signal from the base station, it is connected to a router
using an Ethernet cable.

* The router then distributes this connection either wirelessly or via additional Ethernet cables.

« If there are multiple wired devices, a network switch is used to split the connection from the
router among these devices.

Spectrum Management Database

 Function: The spectrum management database plays a critical role in ensuring that the TVWS
network does not interfere with licensed broadcast channels.

e Components:

» Database of Available Channels: The database contains detailed information about which TV
channels are occupied and which are available for use at any given time in a specific geographic
location (FCC, 2015).

* Geolocation Service: Devices (base stations and CPEs) use GPS coordinates to check with the
database and determine which channels are available (Ofcom, 2017).

» Working:

» Whenever the base station or CPE need to operate, it first queries the spectrum management
database.

e The database returns a list of available channels that the device can use without causing
interference. This query-response mechanism ensures that only vacant channels are used, thereby
preventing interference with licensed broadcasters ( IEEE Dynamic Spectrum Access Networks
Standards Committee, 2018)

How All the Devices Work Together in TWWS for CALMS

Internet Connection at Base Station:

 The base station gets its connection from a broadband source, like fiber-optic. This highspeed
link forms the backbone of the TVWS network (potraz, 2021).

Signal Broadcast:
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* The base station then uses cognitive radio technology to determine which TVWS channels are
available. Using an omnidirectional antenna, it broadcasts the internet signal over a wide area,
potentially covering multiple schools and community centres (Mawere & Van Stam, 2016).

Reception by CPE at End -User Locations:
» The CPE installed at each school, home, or community center uses its directional antenna to

receive the signal from the base station, ensuring a strong and reliable connection (IEEE, 2018).

* The radio module in the CPE converts the received signal into data that can be utilized by local
devices.

Local Distribution via Routers:

» The CPE is connected to a router, which provides local internet access to multiple devices via
Wi-Fi or Ethernet. This allows for widespread usage within schools or community centers,
enabling students and teachers to access online content (Cisco, 2019).

Spectrum Management Database:

* The base station and CPEs continuously query the spectrum management database to ensure they
are using an available channel. The use of GPS ensures devices access only the frequencies that
are clear, maintaining uninterrupted and interference-free service (FCC, 2015).

Advantages of the TVWS system for CALMS

Long-Range Coverage:

» The combination of high-power base stations and directional CPE antennas allows TVWS signals
to cover extensive areas, making them ideal for rural deployment where traditional broadband
infrastructure is lacking (Mawere & Van Sta, 2016).

Low-Frequency Penetration:

» The TVWS signals, which operate on low frequencies, have excellent penetration characteristics,
allowing them to pass through obstacles such as buildings, hills, and dense vegetation. This is
critical in regions like Zimbabwe, where geographical and infrastructural challenges are prevalent
(IEEE, 2018).

Adaptive Connectivity:
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» The cognitive radio capabilities of base stations and CPES allow the TVWS system to
automatically adapt to changes in channel availability, making the network resilient to
interference and external disruptions (Ofcom, 2017).

Low -Cost Deployment:

» Compared to traditional cellular or fiber broadband, the cost of deploying TVWS is significantly
lower. Fewer base stations are needed due to the large coverage area of each unit, and installation
is simplified in areas with rugged terrain (Potraz, 2021).

Reliable Connection for Underserved areas:

 Using spectrum management databases ensures that TVWS equipment only uses available
channels, making it a reliable option for providing internet to underserved areas that lack the
infrastructure for wired or traditional wireless broadband solutions (FCC, 2015).

2.4 Low connectivity Areas in Zimbabwe
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POTRAZ. (2021). Telecommunications Coverage Map of Zimbabwe. Postal and
Telecommunications Regulatory Authority of Zimbabwe. Retrieved from www.potraz.gov.zw
Figure: Telecommunications Coverage Map of Zimbabwe.

The map illustrates the distribution of GSM, 3G, and WiMAX coverage across Zimbabwe,
highlighting areas with limited or no internet connectivity. The blue regions represent areas
covered by GSM, GPRS, and EDGE networks, while the red and orange dots indicate 3G and
WIMAX respectively. The map underscores the connectivity disparities, particularly in rural
and underserved regions such as:

Matabeleland North
* Binga, Hwange, Lupane, Kamativi

These districts have sparse network coverage, with large sections lacking 3G or WiMAX
connectivity. The province’s topography, including vast national parks and hilly areas,
significantly impedes network penetration. Binga and Hwange, in particular, have low internet
access due to their remote locations and the presence of large wildlife conservation areas, which
limit the feasibility of traditional telecommunications infrastructure.

Matabeleland South
* Beitbridge, Gwanda, Insiza

In Matabeleland South, connectivity is particularly limited in Beitbridge, which only has
scattered GSM coverage and minimal 3G availability. The province’s remote geography,
marked by arid and sparsely populated areas, presents considerable challenges for
telecommunications providers attempting to set up robust infrastructure.

Midlands
» Mberengwa, Gokwe North, Gokwe South

The Gokwe regions in the Midlands are underserved, with many areas primarily covered by
basic GSM services. There are several locations lacking 3G or higher-speed network access,
which severely restricts the ability to provide services like e-learning, especially in Mberengwa
where terrain and infrastructure limitations further impact service quality.

Masvingo

* Mwenezi, Chiredzi, Bikita

Mwenezi and Chiredzi have significant coverage gaps, with limited high-speed connectivity
options, complicating access to digital resources, especially in remote villages. Bikita also
suffers from insufficient 3G coverage, impacting its ability to support high-bandwidth coverage,
impacting its ability to support high-bandwidth activities needed for online learning.

Mashonaland Central
* Mt. Darwin, Mbire
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The areas of Mt. Darwin and Mbire have restricted coverage, mainly relying on GM networks.
These networks are often not sufficient for high-bandwidth activities such as video streaming, which
limits the effectiveness of most LMSs that rely on consistent internet connectivity.

Mashonaland East

*Mudzi, Uzumba Maramba Pfungwe (UMP)

The Mudzi and UMP regions face significant connectivity challenges. There is minimal 3G
coverage, and many communities rely on low-speed GSM networks, making it challenging to
support interactive digital learning platforms.

Manicaland
e Chimanimani, Chipinge

Chimanimani and parts of Chipinge are particularly underserved. The rugged mountainous
terrain of the Eastern Highlands complicates infrastructure deployment, resulting in limited 3G
coverage and an over-reliance on basic GSM services. This geographical constraint underscores
the need for alternative connectivity solutions like TVWS to ensure that students and educators
in these regions can access reliable e-learning tools.

Summary of Challenges in Low Connectivity Areas

These areas across multiple provinces are characterized by either very basic network coverage
(GSM) or a complete lack of coverage, which severely limits access to reliable internet services.
This lack of infrastructure presents a major barrier to educational advancement and digital
equity, which CALMS aims to mitigate by using TVWS technology. By providing reliable
connectivity through TVWS, CALMS can help bridge the gap in educational access, ensuring
that even the most underserved regions benefit from digital learning solutions.

By focusing on areas such as Binga, Chimanimani, Hwange and Nkayi- which were specifically
outlined in the study by P.S. Mtetwa- the CALMS project aims to directly address the severe
disruptions and connectivity issues identified. These regions are among those facing the most
significant challenges in terms of accessing quality education through digital means due to poor
or non-existent telecommunications infrastructure. The integration of TVWS technology will
help in overcoming these geographical and infrastructural hurdles by utilizing unoccupied
broadcasting frequencies to deliver educational content, regardless of the connectivity
constraints typical of these rural settings.

2.5 Overview of LMS in Low Connectivity Areas

LMS have transformed education by facilitating remote learning, particularly during the
disruptive events like the COVID-19 pandemic. These systems enable educational continuity,
offering students access to learning resources regardless of physical classroom availability.
However, in low-connectivity regions such as rural parts of Zimbabwe, the deployment and
success of LMS face significant challenges due to limited infrastructure, high data costs, and
unstable internet availability. Addressing these challenges requires innovative solutions tailored
to the unique needs of these areas to ensure inclusive and equitable education.
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LMS Characteristics in Low-Connectivity Areas

In low-connectivity regions, LMS must offer functionalities that can operate even in the absence
of reliable internet. This includes features like offline capabilities, lightweight content, and
network optimization to support asynchronous learning. Offline functionality allows students
to download content, study it without an internet connection, and synchronize their progress
when connectivity is available. Students suggest that the most effective LMS in these
environments offer a combination of both online and offline functionalities to support students
in remote locations (Alraimi et al., 2015).

Offline features are crucial in regions with poor infrastructure and unreliable internet, such as
many parts of Zimbabwe. For example, in rural communities, students and teachers can face
significant interruptions if they rely solely on constant internet access for educational content.
A hybrid solution that combines offline and online capabilities helps mitigate these issues by
ensuring continuous access to learning resources.

Challenges Faced by Conventional LMS

Most traditional LMS platforms, such as Canvas, Moodle, and Blackboard, depend heavily on
consistent and high-speed internet access, which makes them unsuitable for rural or underserved
areas. For instance, Moodle is highly customizable and open source, making it theoretically
adaptable for different educational needs. However, Moodle’s full functionality still requires
substantial bandwidth, limiting its effectiveness in areas like rural Zimbabwe, where internet
penetration is only about 33% (Zimstat, 2020).

Similarly, Canvas provides an advanced and user-friendly interface. However, it has limited
utility in rural settings due to its dependency on reliable internet connectivity, which is often
unavailable in low-income regions (SaaSworthy, 2023). Blackboard, another widely-used
platform, is feature-rich but costly and administratively complex, making it inaccessible for
many schools in low-income and rural settings (TechRadar, 2023).

These limitations highlight the barriers that conventional LMS face in addressing the
educational needs of rural learners, leading to significant disparities in educational access and
quality.

Emerging LMS Solutions for Low-Connectivity Areas

To bridge the digital divide, new LMS solutions are emerging specifically tailored for
lowbandwidth conditions. One such solution is the Ruzivo Digital Learning Platform, a locally
developed system aligned with the Zimbabwean curriculum. Ruzivo allows users to download
content for offline use, which helps ensure continued access to learning materials even in areas
with intermittent connectivity (Chinyani, 2017). However, while Ruzivo provides critical
support for learners in Zimbabwe, it still relies on mobile network infrastructure, which means
its coverage is limited in extremely remote areas.
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CALMS is positioned to address the specific needs of such underserved regions more effectively
by employing TVWS technology. TVWS refers to the unused broadcasting frequencies in the
TV spectrum that can be utilized to provide internet connectivity in rural areas (Mawere & Van
Stam, 2016). This technology offers a promising solution to extend broadband to regions where
traditional telecommunications infrastructure is lacking.

Role of Offline Functionality and TVWS

The inclusion of offline functionality and leveraging alternative technologies like TVWS are
crucial developments in enhancing LMS performance in low-connectivity areas. TVWS uses
vacant frequencies in the TV broadcast spectrum to transmit data, providing broadband
connections to underserved and rural communities. These frequencies have a greater range than
traditional Wi-Fi, making them particularly effective for use in sparsely populated or
geographically challenging areas (Mawere &Van STAM, 2016). For instance, in regions like
Chimanimani, Lupane, and Chiredzi, where infrastructure and traditional broadband solutions
are not feasible, TVWS enables CALMS to deliver educational content seamlessly

Offline capabilities, such as those integrated into CALMS, allow educators and students to
interact with the platform without needing continuous internet access. Content can be cached
and synchronized periodically, enabling users to work offline- a critical aspect for successful
LMS implementation in rural Zimbabwe (Katz& Tanaka, 2019). The ability to download
learning materials, assignments, and other resources for offline study ensures that learning does
not come to a halt in the absence of stable connection. For example, CALMS supports
downloading content during brief periods of connectivity, allowing learners in areas like
Hwange and Mwenezi to continue their education without interruption.

Benefits and Opportunities of CALMS in Low-Connectivity Areas

Deploying LMS with offline capabilities and utilizing TVWS technology addresses core
challenges faced in low-connectivity areas. These technologies not only facilitate continued
access to education but also promote inclusivity by providing underserved communities with
essential learning resources. By leveraging TVWS, CALMS creates an infrastructure that does
not require significant investments in laying cables or installing extensive wireless networks-
thus providing a cost-effective solution for underserved regions.

Additionally, CALMS integrates mobile-friendly LMS features, which require less bandwidth
and offer adaptive content, enhancing accessibility for students with limited or intermittent
internet access. These features are particularly beneficial for students in Chimanimani, Chiredzi,
Hwange, and Nkayi-districts highlighted by P.S. Mtetwa as suffering from severe educational
disruptions due to connectivity issues.

Conclusion

The development of LMS solutions suitable for low-connectivity demands a careful balance of
offline and online functionalities, cost-effectiveness, and adaptability to local contexts.
Traditional LMS platforms, such as Moodle, Canvas and Blackboard have struggled to adapt to
the realities faced by rural and underserved communities, thereby creating an urgent need for
accessible and adaptable systems like CALMS. By leveraging TVWS and including offline
features, CALMS aims to bridge the digital divide and provide a comprehensive solution for
education in areas where connectivity remains a persistent issue.
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2.6 Case Studies on the Use of TVWS Technology

TVWS technology, which leverages unused broadcasting frequencies in the TV spectrum to
provide broadband connectivity, has emerged as a promising solution for enhancing internet
access in underserved and rural areas. This section presents several case studies on the success
implementation of TVWS technology in various countries, highlighting its potential impact on
bridging the digital divide and promoting equitable educational opportunities.

Case study: South Africa

In South Africa, TVWS has been employed to connect rural schools to broadband internet. The
Council for Scientific and Industrial Research (CSIR) collaborated with industry stakeholders
to provide connectivity to ten rural schools in Limpopo province using TVWS technology. The
project demonstrated that TVWS could successfully provide internet access without interfering
with existing television broadcasts, significantly enhancing the educational experience for
students in these schools (Bissyande et al., 2015).

The successful deployment in Limpopo shows TVWS can be an effective tool for reducing connectivity
gaps in rural education.

Case Study: Malawi

Malawi has also explored the use of TVWS technology for connecting educational institutions
in remote areas. The International Centre for Theoretical Physics (ICTP) partnered with local
stakeholders to implement TVWS Solutions in several remote schools, which previously had no
access to internet. The project provided an essential boost to the educational infrastructure,
allowing students and teachers to access online resources, share information, and communicate
effectively despite their remote location (Mawere & van Stam, 2016). The initiative proved that
TVWS could significantly contribute to improving educational access in regions where
conventional infrastructure is either impractical or too costly to implement.

Case Study: Ghana

Ghana has utilized TVWS technology to improve connectivity in rural health centers and schools
and school through a partnership involving Microsoft, SpectraLink Wireless, and local
telecommunications authorities. The pilot project, conducted in Western Region of Ghana,
provided internet connectivity to various community centers and educational facilities. The use
of TVWS technology demonstrated its capability to provide stable connectivity over a large
geographical area without requiring substantial infrastructure investments (Smith, 2017). The
case exemplifies how developing countries can leverage existing spectrum resources to expand
internet access efficiently.

Case Study: Philippines

In the Philippines, a collaboration between the Department of Information and Communications
Technology (DICT) and Microsoft utilized TVWS to connect remote fishing communities and
schools to the internet. The project, launched in the Visayas and Mindanao regions, enabled
rural educational institutions to access e-learning resources, significantly improving learning
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outcomes (Arroyo et al., 2018). The use of TVWS in the Philippines highlights its effectiveness
in providing last-mine connectivity in challenging terrains, such as archipelagic areas.

Case Study: Kenya

Kenya has been at the forefront of TVWS deployment in Africa, using it to connect schools and
healthcare facilities in remote regions. Microsoft and Mawingu Networks partnered to launch a
pilot program that brought affordable internet to underserved communities in Laikipia County.
By using TVWS, the project was able to connect several educational institutions, providing
students and teachers with reliable internet access for the first time (Mbogo, 2019). The success
of the project underscores TVWS’s capability to address connectivity issues where the other
technologies may not be viable.

Case Study: United States

In the United States, Microsoft’s Airband Initiative has leveraged TVWS technology to connect
rural areas in the Midwest. The initiative has provided internet to farmers and students, allowing
improved access to educational resources and farming technologies. The case study highlights
TVWS as a practical solution to extend broadband reach in sparsely populated regions where
traditional infrastructure costs are prohibitive (Microsoft, 2021).

Zimbabwe’s Potential Use of TVWS

In Zimbabwe, the practical implementation of TVWS technology is still in the exploratory
stages, with significant research outlining its potential but few large-scale deployments. A
noteworthy study titled “The Potential for Use of TV White Spaces for the Internet in
Zimbabwe” was conducted to evaluate the feasibility of TVWS as a solution for rural
broadband. The research highlighted that the unused UHF spectrum could be efficiently
repurposed to deliver internet services in areas lacking conventional infrastructure without
causing inference with existing television broadcasts (Mawere & Van Stam, 2016).

Furthermore, a dissertation titled “Quantitative Evaluation of UHF TV White Spaces for Rural
Broadband Connectivity” conducted by Chinhoyi University of Technology provided a detailed
examination of the availability of TVWS in Zimbabwe. The study quantified the available
TVWS spectrum and discussed its potential for bridging the digital divide in rural communities.
The research underscored the need for low-cost and effective connectivity solutions in
Zimbabwe and concluded that TVWS could be instrumental in improving rural broadband
connectivity (Madhumbu, 2016) studies suggest that while Zimbabwe has not yet implemented
TVWS technology on a large scale, there is growing interest in its application as a means of
providing affordable and sustainable connectivity, particularly for educational purposes in
underserved regions like Chimanimani, Lupane, and Chiredzi.

Conclusion

The global success of TVWS technology in countries such as South Africa, Malawi, Ghana,
Philippines, Kenya and United States demonstrates its effectiveness in providing broadband
internet to underserved communities. In Zimbabwe, although practical implementations are
limited, the promising findings from various studies underline the significant potential of
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TVWS in addressing connectivity gaps, especially in rural and remote areas. By leveraging this
technology, paving for improved learning outcomes across all regions.

2.7 Theoretical Framework Supporting Technology Enhanced Learning

The integration of technology into educational practices has been supported by several
theoretical frameworks that help us understand the dynamics of teaching and learning in
technology-enhanced environments. These frameworks provide insights into the most effective
ways to leverage technology to facilitate active learning, engagement, and educational equity.
For this project, the following frameworks are particularly relevant to support the deployment
and design of CALMS.

Constructivist Learning Theory

Constructivism, as proposed by theorists like Jean Piaget (1952) and Lev Vygotsky (1978),
posits that learners construct knowledge actively rather than passively receiving information.
Learning is seen as an active, contextualized process of constructing meaning based on
experiences. Vygotsky’s emphasis on social interaction as a catalyst for learning is especially
pertinent to Technology-Enhanced Learning (TELO environments, where collaboration is often
facilitated through digital tools.

Application in CALMS: CALMS incorporates constructivist principles by enabling
collaborative learning through features as chatrooms, discussion boards, and collaborative
assignments. The E-learning hub within CALMS provides an environment where students and
teachers can share knowledge and build new concepts collaboratively, supporting constructivist
element is especially crucial in environments where traditional face-to-face interactions may be
limited, such as rural areas with connectivity issues.

Community of Inquiry (Col)

The Community of Inquiry (Col) Framework was developed by Garrison, Anderson, and Archer
(2000) and emphasizes the need for a purposeful community in educational settings, especially
in online and blended learning environments. The framework comprises three key elements:

Cognitive Presence- the extent to which learners are able to construct and confirm meaning through
sustained reflection.

Social Presence- the ability of learners to project their personal characteristics into the learning
community, thereby presenting themselves as real people.

Teaching Presence- the design, facilitation, and direction of cognitive and social process to achieve
meaningful learning outcomes.

Application in CALMS: CALMS is designed to support all three presences as described by the
Col framework. The E-learning hub offers tools that promote cognitive presence through
activities like reflective assignments and problem based learning modules. The platform also
ensures social presence by providing communication tools that facilitate interpersonal
interactions between students and teachers, thus creating a sense of community. Teaching
presence is maintained by providing teachers with the tools to create, facilitate, and monitor
activities effectively, ensuring that both cognitive and social processes are adequately
supported.

Technological Pedagogical Content Knowledge (TPACK)
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The TPACK Framework, introduced by Mishra and Koehler (2006), focuses on the integration
of technology into teaching and emphasizes the need for an intersection between three forms of
knowledge: Technological, Pedagogical, and Content Knowledge. Effective technology
integration requires an understanding of how these domains intersect:

* Technological Knowledge (TK) — Understanding how to use technology tools.
* Pedagogical Knowledge (PK) — Knowledge about how to teach effectively.
* Content Knowledge (CK) - Understanding the subject matter being taught.

The framework highlights that teacher must develop Technological Pedagogical Content
Knowledge (TPACK) to effectively integrate technology into their classrooms.

Application in CALMS: CALMS addresses the principles of the TPACK framework by
providing teachers with a user-friendly platform that bridges content, pedagogy, and
technology. Through its integrated results management and analytics features, teachers can
better understand student performance and use that information to adjust instructional strategies.
The ability to incorporate multimedia content, offline downloadable materials, and adaptive
learning features helps educators seamlessly blend their content knowledge with technological
tools, thus enhancing their pedagogical strategies.

Connectivism

Connectivism, a learning theory proposed by George Siemens (2005), posits that learning occurs
within networks, emphasizing the role of technology and social connections in the learning
process. In connectivism learning, the knowledge, the knowledge resides not only within an
individual but also within the network they are part of. Learning involves connecting specialized
information sources and recognizing patterns within these networks.

Application in CALMS: CALMS enables a connectivist approach to learning through its
integrated communication and networking tools, such as chatrooms and collaborative
assignments, which connect students, educators, and parents. The system allows for the creation
of learning network in which participants can share and receive knowledge, engage in
discussions, and build on each other’s insights. In low-connectivity areas, the integration of
offline functionalities and TVWS technology ensures that even students in remote areas can
participate in these learning networks, thereby expanding their access to diverse sources of
knowledge.

Self-Determination Theory (SDT)
Self-Determination Theory (SDT), developed by Ryan and Deci (2000), is a theory of human
motivation that highlights the importance of autonomy, competence, and relatedness in fostering
engagement and persistence in activities. In the context of technology-enhanced learning, SDT
suggests that learners are more motivated and likely to succeed when they feel autonomous,
competent, and connected to others.

Application in CALMS:
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CALMS is designed to foster autonomy by providing learners with control over their learning
pathways through personalized learning options and a variety of educational resources.
Competence is addressed by offering tools such as performance analytics and tailored feedback,
enabling students to track their progress and identify areas for improvement. The sense of
relatedness is fostered through features like interactive assignments and communication tools
that facilitate student-teacher and peer interactions, creating a supportive community that
encourages active participation and persistence in learning.

Conclusion

The theoretical frameworks outlined above provide a solid foundation for the design and
implementation of CALMS. Constructivism, Community of Inquiry, TPACK, Connectivism,
and Self Determination Theory all highlight different facets of effective learning environments
that have been incorporated into the CALMS platform. By integrating these frameworks,
CALMS aims to offer an innovative, inclusive, and engaging learning experience that is
particularly suited for the educational landscape in low-connectivity areas like rural Zimbabwe.
The emphasis on collaboration, adaptability, community, and learner autonomy makes CALMS
an ideal tool for supporting meaningful and sustainable educational development, in line with
global educational goals.

2.8 Gaps in Current Research

Despite the growing body of research on LMSs and the deployment of educational technologies
in low-connectivity environments, several critical gaps persist in the existing literature.
Identifying these gaps provides a foundation for the development and justification of CALMS
as a comprehensive and effective solution for the unique educational challenges faced in
Zimbabwe. These gaps can be categorized into the following areas:

Limited Empirical Studies on LMS in Low-Connectivity Areas

While there has been significant progress in the deployment of LMS, few empirical studies
focus specifically on their effectiveness in low-connectivity areas, particularly in developing
countries like Zimbabwe. Most existing research evaluates LMS in environments with stable
and reliable internet, failing to account for the unique infrastructure challenges that impact
educational technology in rural and underserved regions. This leaves a gap in understanding the
real-world efficacy of LMS platforms in scenarios with intermittent connectivity and high data
costs. The lack of comprehensive studies on the long-term effects of LMS usage in these
environments makes it difficult to develop targeted solutions that can genuinely bridge the
digital divide.

Need for Research: More longitudinal studies are needed that explore the use of LMS in
environments where connectivity is limited, evaluating their long-term impact on learning
outcomes and their ability to reduce educational disparities.

Inadequate Focus Offline Capabilities

Most mainstream LMS solutions like Moodle, Canvas, and Google Classroom have been

designed with the assumption of continuous, high-speed internet connectivity. As a result, the
offline capabilities of these platforms are either limited or non-existent. In low-connectivity
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areas, the effectiveness of an LMS heavily depends on its ability to provide offline
functionalities, such as content caching, synchronized learning progress, and localized data
storage. Existing research seldom investigates the impact of enhanced offline capabilities on the
learning outcomes of students in rural communities. This gap is particularly significant for
regions like Zimbabwe, where only about 33% of the population has reliable internet access
(ZimStat, 2020).

Need for Research: More research is required to develop, test, and implement LMS platforms
with robust offline functionalities that can address the challenges of lowinfrastructure settings,
making learning accessible even without consistent internet access.

Lack of integration Between E-Learning and Administrative Tools

Current research tends to focus on either academic or administrative functions of educational
technologies but rarely both in a holistic approach. In rural and low-income settings, schools
face not only challenges in teaching delivery but also administrative hurdles, such as inefficient
record-keeping, communication barriers, and lack of tools for student assessment and parental
engagement. Existing LMS solutions, including Ruzivo, Moodle, and Canvas, often focus
solely on content delivery without integrating broader school management functionalities.

Need for Research: There is a gap in exploring how LMS can be developed as a multifunctional
educational and administrative suite that integrates content delivery, student information
management, teacher performance evaluation, and parent communication. This integrated
approach is particularly crucial in schools where administrative support is limited.

Underrepresentation of Local Context and Cultural Relevance

Many LMS platforms are developed with a global perspective, meaning they often do not take
into account the specific cultural, socio-economic, and linguistic contexts of the users in
Zimbabwe. For instance, platforms such as Canvas and Blackboard do not cater to the specific
content needs of Zimbabwean learners, nor do they support local languages like Shona or
Ndebele. This cultural mismatch often leads to lower engagement levels among students and
educators who feel that the platform is not tailored to their specific needs. The lack of culturally
relevant content and local language support can be a significant barrier to effective learning.

Need for Research: There is a need for research that focuses on the localization of LMS
content, the inclusion of native languages, and the development of culturally relevant resources
to enhance learner engagement and educational outcomes.

Scarcity of Studies on TVWS for LMS Deployment

While there is literature on various internet connectivity solutions for rural areas, the use of
TVWS technology to enhance connectivity for educational purposes has not been thoroughly
studied. Few studies exist on the implementation of TVWS in Africa, and even fewer have
focused specifically on the use of TVWS to support LMS deployment in Zimbabwe. The study
conducted by Chinhoyi University of Technology on TVWS (Mawere & Van Stam, 2016)
showed promising results, but the focus was on basic internet provision rather than its
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application to support LMS. This leaves a critical gap in understanding how TVWS can be
effectively leveraged to support comprehensive, technology-enhanced learning in rural settings.

Need for Research: More targeted studies are required to explore the implementation of TVWS
as a reliable solution for deploying LMS in areas with limited or no traditional broadband
infrastructure. This includes studying the technical feasibility, economic viability, and
pedagogical impact of such implementations.

Insufficient Analysis of Parental and Community Engagement

Most LMS studies focus on teacher-student interactions, with little emphasis on the role of
parental and community engagement, which is crucial in enhancing educational outcomes,
particularly in rural settings. Effective learning environments, especially those supported by
technology, benefit from an active partnership between teachers, parents, and the wider
community. Platforms like Ruzivo and Google Classroom offer limited parental engagement
capabilities, and there is scant literature that assesses the role of these tools in fostering
community-driven education.

Need for Research: studies are needed to evaluate how enhanced parental portals and
community integration features can be developed and effectively used in LMS to foster a
collaborative education ecosystem, which is essential in rural areas where schools are often the
central hub of the community.

Conclusion

The gaps outlined above highlight the pressing need for more targeted, context-sensitive
research into the deployment of LMS in low-connectivity areas. There is a distinct need to
develop LMS platforms that not only provide educational content but also include offline
functionalities, administrative tools, and cultural adaptability while leveraging innovative
connectivity solutions like TVWS. CALMS is positioned to address many of these gaps, making
it an innovative and inclusive approach to solving the challenges of educational technology in
Zimbabwe’s underserved regions.

By focusing on these areas, future research can contribute to building LMS platforms that are
genuinely inclusive, locally relevant, and adaptable to the unique challenges faced by students,
educators, and schools in rural communities. This will pave the way for equitable and
sustainable access to quality education, in alignment with global educational development
goals.
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3.1 Methodology
Introduction

The methodology for the CALMS project integrates advanced technical tools and research
approaches to design, develop, and validate the system. A hybrid of the Agile System
Development Life Cycle (SDLC) model and mixed-methods research methodology has been
employed. This chapter elaborates on the iterative process used to refine CALMS, focusing on
its adaptability to low-connectivity educational environments through a simulated TVWS
network using MyPublicWiFi.

3.2 System Development Life Cycle (SDLC) Approach

The development of the CALMS followed the System Development Life Cycle (SDLC)
approach, a structured process that ensures the creation of a robust, scalable, and user centered
system. Specifically, the Agile SDLC model was adopted to facilitate iterative development,
continuous feedback integration, and adaptability to the dynamic needs of stakeholders. This
approach is particularly suitable for projects like CALMS, which aim to address complex
challenges such as low-connectivity environments and varying user requirements across rural
and urban areas.

The SDLC model employed for CALMS encompasses the following phases:

Planning Phase

The planning phase is the foundational step in the SDLC, focusing on defining the scope,
objectives, and feasibility of the project. For CALMS, this phase involved a thorough
understanding of the educational challenges in low-connectivity areas of Zimbabwe.
Stakeholder consultations with educators, students, and administrators were conducted to
identify the core needs and priorities for the system.

Key activities included:

» Needs Assessment: Identifying the primary educational challenges, such as lack of internet access,
limited digital literacy, and the need for offline functionalities.

« Feasibility Study: Assessing the technical, economic, and operational feasibility of deploying
CALMS in rural areas. This included evaluating the viability of integrating TVWS technology to
provide connectivity.

* Project Planning: Developing a roadmap for system development, which included timelines,
resource allocation, risk analysis, and deliverables.

The outputs of this phase were a Project Charter and a Stakeholder Requirement Document (SRD),
which detailed the objectives, constraints, and expected outcomes of CALMS.
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Requirement Analysis Phase

The requirement analysis phase aimed to gather, document, and prioritize the functional and
non-functional requirements of the system. This phase relied heavily on input from stakeholders

to ensure the CALMS would meet the real-world needs of its users.

Key activities included:

» Stakeholder Engagement: Semi-structured interviews and focus group discussions were

conducted with educators, students, and administrators. These sessions highlighted the importance
of offline access, ease of use, and adaptability to low-bandwidth conditions.

» Functional Requirements: Requirements such as the ability to cache content offline, manage
school websites, and generate analytics-driven performance reports were documented.

» Non-Functional Requirements: Emphasis was placed on system scalability, reliability on low-
connectivity environments, and user -friendly interfaces.

The outcome of this phase was a comprehensive Software Requirements Specification (SRS) document,
which served as a reference for subsequent phases.

Design Phase

In the design phase, the system’s architecture was conceptualized and detailed. The goal was to
create a blueprint that translated the requirements from the previous phase into technical
specifications.

Key activities included:

« High-Level Design: Development of a modular system architecture that included three core
components: The E-Learning Hub, School Website Management, and Results Analytics System.
This modular approach ensured scalability and independent updates to system components.

Diagrams and Visualizations:

« Context Diagram: Depicted interactions between users (students, teachers, administrators) and the
system.

» Data Flow Diagram (DFD): lllustrated a flow of data between system components, such as
assignments, quizzes, and performance reports.
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+ Entity-Relationship Diagram (ERD): Mapped the relationships among system entities, such as
users, courses, assignments, and results.

« User Interface Prototyping: Wireframes were developed to design intuitive interfaces for users
with varying levels of digital literacy.

The outputs of this phase provided a clear and detailed framework for the development phase.

Development Phase

The development phase involved translating design into a working application. Using an iterative
approach, the development team prioritized features based on stakeholder feedback.

Key activities included:

» Programming: Development of the backend using the Django framework and the frontend using
HTML, CSS, and JavaScript. SQL databases were implemented to manage data efficiently.

« Feature Prioritization: Core functionalities, such as offline caching, were implemented to first to

address the primary needs of rural users.

» Modular Development: Each system component was developed and tested independently to
ensure seamless integration.

The development process adhered to Agile principles, with regular sprints and reviews to incorporate
stakeholder feedback at every stage.

Testing Phase

Testing was a critical phase of the SDLC, ensuring that CALMS met its functional and
performance requirements. The testing environment simulated real-world conditions,
particularly the intermittent connectivity challenges faced in rural areas.

Key activities included:
« Unit Testing: Validated individual modules, such as user authentication and data synchronization.

+ Integration Testing: Assessed the interaction between modules, ensuring data flow between
components like the E-Learning Hub and Results Analytics System.

 System Testing: Evaluated the overall functionality, performance, and user experience of
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CALMS.

» Network Simulation: Tools like MyPublicWiFi were used to replicate TVWS connectivity
conditions, testing CALMS’s resilience under low-bandwidth scenarios.

The outputs of this phase included detailed test reports, which documented identified issues and

their resolutions.

Deployment Phase

The deployment phase involved releasing CALMS for use in pilot schools to evaluate its effectiveness in
a real-world setting.

Key activities included:

* Pilot Deployment: The system was initially deployed in a selected rural school to gather user
feedback and refine functionalities.

* Feedback Loop: Continuous feedback was collected to address usability issues and enhance system
performance.

This phased rollout minimized risks and allowed for iterative improvements before full-scale deployment.

Maintenance Phase

The maintenance phase ensures the long-term success of CALMS by addressing technical issues,
releasing updates, and supporting users.

Key activities included:

» The maintenance phase ensures the long-term success of CALMS by addressing technical issues,
releasing updates, and supporting users.

Key activities included:

» Performance Monitoring: Ongoing monitoring of system performance to identify and resolve
issues proactively.

« Updates and Patches: Regular updates were released to improve functionality and security.

« User Support: A dedicated support team provided assistance to users, addressing technical and
operational challenges.
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The maintenance phase ensures that CALMS remains a sustainable and reliable solution for enhancing
educational access and equity in Zimbabwe.

3.3 Data Collection Methods

Mixed Methods Approach
Both qualitative and guantitative techniques ensured comprehensive data collection, addressing technical
challenges and user experiences.

Qualitative Data Collection
* Interviews:

 Conducted with educators, administrators, and students to explore barriers to technology adoption and
CALMS’S perceived impact.

* Focus Groups:
 Engaged stakeholders to discuss offline functionality, TVWS acceptance, and anticipated benefits.

Quantitative Data Collection
» Surveys:

» Distributed to 150 participants, measuring digital literacy, system usability, and user satisfaction.

* Observational Data:

* Documented infrastructural challenges in rural schools to inform CALMS’s design.
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3.4 Data Analysis Techniques
Thematic Analysis

» Themes extracted from qualitative data included:
» Connectivity Challenges: Barriers to reliable internet access.

« Interface Preferences: Demand for simplified designs catering to low digital literacy.

Statistical Analysis
* Descriptive Statistics: Identified trends in user feedback and system performance.
* Inferential Statistics: Analyzed correlations between digital access and learning outcomes.
Tools and Technologies
Development Tools
» Backend: Django framework for robust application logic.
* Frontend: HTML, CSS, and JavaScript for responsive design.
 Database: SQL for secure and efficient data storage.
Infrastructure
Simulated Network Environment

To evaluate CALMS’s performance in rural-like connectivity environments, a network simulation was
implemented using MyPublicWiFi.

1. Setup and Implementation:
A Core i3 laptop with 8GB RAM simulated the TVWS base station.

« Client devices (student and teacher smartphones/laptops) connected via the simulated hotspot.
» Key Simulations:

 Bandwidth control: Limited to mimic rural constraints.

* Network load: Stress-tested with multiple connections.

* Intermittent connectivity: Simulated disruptions to validate offline caching.
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Testing Parameters:
* Latency: Evaluated delays in data synchronization.
» Data Throughput: Assessed system efficiency under constrained bandwidth.

+ Offline Access: Verified the functionality of local caching and synchronization.

Results from Simulations:

+ CALMS maintained core functionalities with up to 150ms latency and 256 Kbps bandwidth.
« Offline capabilities ensured continuous operation during connectivity losses.
Infrastructure Components:

» Servers: Hosted and managed synchronization.

» Backup Systems: 20TB external storage secured data during simulations.

* Client Devices: Emulated diverse user profiles and device capabilities.

Diagrams and Architectural Framework

System Architecture Diagram

Visualizes CALMS’s modular components, including the E-Learning Hub, School Website
Management, and Results Analytics.

Data Flow Diagram (DFD)
Depicts the flow of data among students, teachers, administrators, and the database.

Entity-Relationship Diagram (ERD)

Illustrates the relationships among system entities like users, courses, and performance metrics.
Ethical Considerations

« Data Privacy: Ensured secure storage and asynchronization of participant data.

« Community Involvement: Stakeholders were engaged in all design and testing phases.

* Informed Consent: Obtained from all participants prior to their involvement.

Summary
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The methodology integrates iterative development with robust testing under simulated
conditions to ensure CALMS meets the educational needs of low-connectivity areas.
The simulated TVWS environment and stakeholder-driven design approach position
CALMS as a scalable and user-centric solution.

4.1: System Architecture and Implementation
Introduction

This chapter presents a comprehensive discussion of the architecture and implementation
process of the CALMS. The goal of CALMS is to address educational access challenges in low-
connectivity environments by leveraging innovative technologies such as TVWS and offline
caching mechanisms. This chapter covers the design principles, tools, technologies, and
implementation methodologies adopted in the development of CALMS, focusing on its modular
and scalable architecture. Additionally, it provides a detailed analysis of the challenges faced
during development and the solutions employed to overcome these obstacles.

The implementation process was guided by user-centered design principles, ensuring that the
system remains accessible, functional, and adaptable for its diverse stakeholder groups,
including students, educators, and administrators.

4.2 Design of CALMS

The design of CALMS was rooted in addressing real-world problems identified during
stakeholder consultations. The system was designed to prioritize user-friendliness, modularity,
offline functionality, and scalability, making it adaptable for low-resource settings.

Modular System Architecture

The system architecture was designed to be modular, consisting of three main components:

1. E-Learning Hub:
* A platform for accessing learning materials, quizzes, and assignments.

» Key Features:
« Offline content caching for uninterrupted access.

 Adaptive quizzes to assess learning progress.
» Multimedia support for interactive content.

2. School Website Management System:

* A tool for administrators to manage school information and communicate with stakeholders.
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» User management tools (e.g., creating teacher and student accounts).

3. Results Analytics System:
* A system for tracking student performance and generating reports.

» Key Features:
* Role-based dashboards for teachers and students.

» Automated grading for assignments and quizzes.
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System Architecture Diagram

E-Learning Hub

Student Devices

Admin Panel

g

yltnl Database— Rpsults Analytics
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Teacher Devices

The diagram illustrates the modular structure of CALMS, showing the interactions between the
E-learning Hub, School Website Management, and Results Analytics System. These

components are supported by a Central Database, TVWS network, and Backup Systems to
ensure reliability and scalability.

» Key Features:
* TVWS provides connectivity for student and teacher devices.
» Modular components ensure scalability and independent updates.
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Data Flow within CALMS
Data flows within CALMS were optimized for low-bandwidth environments:

* Input:

« Teachers upload assignments, quizzes, and feedback.

» Students submit completed assignments and attempt quizzes.
* Processing:

* The system process inputs using Django’s backend logic.

« Analytical tools generate reports and dashboards.

 Output:

« Students receive personalized learning paths and feedback.

* Teachers access performance summaries and progress trends.
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Data Flow Diagram (DFD)
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The diagram depicts how data flows between users (Students, Teachers, and Administrators)
and system components. Data inputs like assignments and quiz results are processed and stored,
with outputs like performance reports and feedback.

» Key Processes:
« Students submit assignments and quiz results.

* Teachers provide feedback, which is processed to generate reports.
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» Administrators access and manage data through the database.
Development Tools and Technologies Used

Programming and Development
Frameworks

* Backend Development:

Django Framework (Python): Used for its robustness, scalability, and efficient handling of database
interactions.

* Frontend Development:
« HTML, CSS, JavaScript: Enabled the creation of responsive and interactive user interfaces.

* Bootstrap: Ensured a mobile-first design, critical for regions where smartphones are the primary are
the primary access devices.

» Database:

» SQL: Facilitated efficient data storage and retrieval for assignments, quiz results, and performance
results.

Tools and Technologies
1. Version Control:

* GitHub: Allowed collaborative development and version tracking.

2. Network Simulation:

* MyPublicWIFI: Used to replicate low-bandwidth environments, enabling robust testing of offline
functionalities and TVWS connectivity.

3. Data Visualization:
» Matplotlib and D3.js: Employed for graphical performance analytics in the Results Analytics System.
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Hardware Infrastructure

» Server:

* A centralized server hosted the system, with specifications tailored for low-resource settings (4GB
RAM, 500GB HDD)
* Client Devices:

 The system was tested on diverse devices, including low-cost smartphones and entry-level laptops.

» Backup Systems:

« External drives with 20tb capacity ensured data redundancy and recovery.

4.3 Implementation Process

The implementation of CALMS followed an iterative approach, focusing on stakeholder feedback and
progressive refinement.

Phase 1: Initial Prototyping

Objective: Develop a prototype to validate the core functionalities of CALMS.
Activities:

* Built basic modules for the E-Learning Hub, focusing on offline content caching.
 Conducted internal testing to identify usability issues.

Outcome:

* A functional prototype that demonstrated the feasibility of TVWS integration.
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Phase 2: Pilot Testing

1. Objective: Test CALMS in a real-world environment.

Activities:

* Deployed CALMS in a rural school, simulating real-world conditions using MyPublicWiFi.
* Gathered feedback from 50 students and 10 teachers.

Outcome:

« Identified key areas for improvement, such as reducing data transfer sizes and simplifying the user
interface.

Phase 3: Full Deployment

Objective: Scale CALMS for broader use.

Activities:

 Optimized server performance to handle increased user loads.

 Implemented enhancements based on pilot feedback, such as faster synchronization and multilingual
support.

Outcome:
» Successful deployment across 5 additional schools, reaching over 500 users.
Challenges and Solutions

Connectivity Constraints
* Challenge:

* Frequent network disruptions in rural areas affected real-time system functionality.
* Solution:

 Implemented offline caching to enable users to download and access materials without continuous
internet.

Scalability

* Challenge:
« Ensuring the system could handle a growing user base and increasing data volumes.
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Solution:

» Adopted a modular architecture, allowing independent scaling of components like the Results Analytics
System.

User Adoption

 Challenge:

« Limited digital literacy among users posed a barrier to system adoption.
* Solution

* Developed comprehensive training resources, including video tutorials and user manuals, to support
onboarding.

Performance Optimization
 Challenge:

* Slow response times during peak usage periods.

* Solution:

» Optimized database queries and implanted caching mechanisms to improve performance.

Conclusion

This chapter detailed the architecture, development tools, implementation process, and
challenges encountered during the creation of CALMS. The modular and scalable design,
combined with innovative solutions to connectivity and usability challenges, ensures that
CALMS is a robust platform capable of transforming education in underserved communities.
By leveraging modern tools and iterative development practices, the project successfully
addressed its objectives, laying the groundwork for future scalability and enhancements.
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5.1: System Evaluation
Introduction

This chapter evaluates the CALMS in terms of usability, effectiveness, and its impact on key
stakeholders, including students, teachers, and administrators. The evaluation process employed
a combination of real-world testing and simulations, integrating qualitative and quantitative
approaches to provide a holistic understanding of CALMS’s performance and scalability.
Rigorous testing was conducted to assess system usability, response times, data
synchronization, scalability under different user loads, and adaptability to offline functionality
in low-connectivity environments.

Simulations were crucial in replicating conditions that were not feasible to evaluate in real-
world scenarios, such as extreme user loads and severe bandwidth constraints. The results of

these evaluations guided iterative improvements to CALMS and validated its scalability as a
sustainable solution for bridging the educational digital divide in Zimbabwe.

Key sections of this chapter include the evaluation methodology, results and analysis, user
feedback, system adaptations, and detailed insights from simulations conducted to ensure the
robustness of CALMS under various operational conditions.

5.2 Evaluation Methodology

The evaluation was designed to assess CALMS’s effectiveness comprehensively by focusing
on multiple facets of system performance, usability, and user satisfaction. A mixed-methods
approach combining quantitative and qualitative methods was employed.

Mixed-Methods Approach
Quantitative Evaluation:

» Metrics included system response times, adoption rates, error rates, and performance under various
simulated and real-world conditions.

» Data collection:

« System usage logs

* Surveys capturing Likert-scale feedback.

* Analytical techniques:

* Descriptive statistics for summary insights.

« Inferential statistics (e.g., t-tests) for evaluating learning outcomes.
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Qualitative Evaluation:

« Data sources included structured interviews, focus groups, and open-ended survey questions.

* Key areas of focus:

* User satisfaction with offline caching.

* Feedback on the usability of the interface.

* Challenges faced in low-connectivity scenarios.
* Analytical methods:

» Thematic analysis to identify patterns and recurring user concerns.

Evaluation Phases
The evaluation process consisted of three key phases:
1. Pilot Testing:

» Conducted in one rural school with 50 students and 10 teachers.

* Objectives:

* Test offline functionality and TVWS integration.

« Identify initial usability issues.

2. Extended Testing:
» Expanded deployment to five schools, reaching 200 users.
* Focused on:

+ System scalability under medium-scale deployment.

» Collection of detailed usage logs for quantitative analysis.
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3. Post-Deployment Assessment:

* After six months of use, data were collected from all deployed schools.

* Included surveys, interviews, and usage logs.

Simulations for Controlled Testing

Where real-world testing was constrained, simulations were conducted to evaluate CALMS under
extreme or difficult-to-replicate scenarios. These included:

 Simulating high user loads (up to 500 concurrent users).
* Testing network latency (up to 500 concurrent users).
» Testing network latency typical of rural environments.

 Simulating low bandwidth scenarios to validate offline functionality and synchronization.
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5.3 Results and Analysis

System Usability Scale (SUS) Score

* Findings:

Table: System Usability Scale (SUS) Score

Metric

SUS Score

User Effort
(Navigation)

Role-Specific
Design

Offline
Functionality

68

Result

87

Minimal effort
reported

Highly appreciated
by users

Positive impact on
usability

Benchmark

68

N/A

Interpretation

Excellent usability, significantly higher than
the industry standard.

Interface considered intuitive and user-
friendly.

Role-based dashboards ensured ease of
access and relevance.

Offline caching minimized disruptions in
low-connectivity areas.



Pie Chart: System Usability Scale (SUS) Score

® SUS Score Result ™ Benchmark

» The System Usability Scale (SUS) score of 87 reflects excellent usability, well above the industry
benchmark of 68 for acceptable usability.

* This score demonstrates that the system is user-friendly and effectively meets the needs of its target
audience, particularly in rural, low-connectivity environments.

Analysis:

* A high SUS score indicates that the system’s interface is intuitive, requiring minimal effort for users to
navigate and perform tasks.

* This score suggests that CALMS aligns with user expectations for functionality and ease of use, which
is critical for adoption in both urban and rural educational settings.

* The inclusion of offline caching, role-based dashboards, and a simplified interface for non-technical
users likely contributed to the high usability rating.
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* Findings

User ratings:
« Distribution:

* 55% rated the system as “Excellent”.
* 30% rated it as “Good”.

* The remaining 15% likely rated the system as “Average” or below

Table: User Ratings Distribution

Rating Percentage of Users
Excellent 55%
Good 30%
Average 10%
Poor 5%

Pie Chart: User Ratings Distribution.

User ratings

® Excellent ™ Good ™ Average or Below
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*Analysis

* The majority of users (85%) rated the system as “Excellent” or “Good,” indicating that the design and
functionality of CALMS largely met their expectations.

» The 15% who provided lower ratings could represent:
» Users facing challenges with initial setup or unfamiliarity with the interface.

* Isolated instances of technical issues (e.g., synchronization errors or lags under heavy load).

Key Insights from the Ratings

1. High Usability for Most Users:

* The 55% “Excellent” ratings highlight the system’s ability to cater to a diverse user base, including
educators and students with varying levels of digital literacy.

* This reflects the success of design elements like contextual help buttons and intuitive navigation menus.
2. Room for Improvement:
* While the “Good” and “Average” ratings indicate overall satisfaction, they also point to areas for

enhancement;

* Training Programs: Users who rated the system as “Good” or lower may benefit from additional
tutorials or onboarding sessions.

* Technical Optimization: Minor usability issues, such as occasional synchronization delays, may have
contributed to the lower ratings.

Comparison with Benchmarks

» SUS Benchmark:

* An SUS score of 87 is significantly higher than the average score of 68 for comparable systems,

positioning CALMS as a highly usable platform.

* This score indicates that CALMS is competitive with other LMS and demonstrates superior performance
in user experience design.
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Potential Factors Contributing to High Usability

1. Intuitive Interface Design:
« Simplified menus and user-friendly dashboards catered to users with varying technical expertise.

2. Offline Functionality:
* The ability to work offline and synchronize data later enhanced user convenience, particularly in low-
connectivity regions.
3. Role-Based Dashboards:
» Separate interfaces for students, teachers, and administrators ensured that users could easily access the
features most relevant to their roles.
3. Localized Content:
 Customization of language and features for rural schools may have contributed to positive feedback.
Areas for Improvement
1. Addressing Lower Ratings (15%o):
* Investigate specific usability challenges faced by the minority of users who rated the system as
“Average” or lower.
* These could include:

* Limited digital literacy among first-time users.

* Device compatibility issues (e.g., older smartphones or low-resolution screens).

2. Enhancing Onboarding:

*Expand training resources to ensure all users feel confident in navigating and utilizing the system.

Recommendations

1. Focus on Training:
* Develop video tutorials and interactive guides to assist first-time users.

* Provide ongoing support to address usability concerns and enhance user confidence.

2. Interface Refinements: « Incorporate feedback from “Good” and “Average” ratings to refine
navigation, tooltips, and contextual help features.

3. User Feedback Mechanism:

« Establishing a system for collecting ongoing usability feedback to identify and address emerging issues.
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Conclusion

The usability analysis demonstrates that CALMS is an effective and user-friendly platform, with
85% of users rating it as “Excellent” or “Good’ and an SUS score of 87. The system’s design
aligns well with the needs of its target audience, through the experience. This data validates
CALMS as a highly usable solution for bridging the digital divide in education.

Performance Metrics
* Response Times
* Average response time: 1.3 seconds under normal conditions.

* Response time increased to 2.2 seconds under high user load (500 users).

Response Times Across 10 Testing Cycles

Testing Cycle Response Time (seconds)
Cycle1 12
Cycle 2 13
Cycle 3 13
Cycle 4 14
Cycle 5 15
Cycle 6 16
Cycle 7 17
Cycle 8 18
Cycle 9 20
Cycle 10 22
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Line Chart: Response time across 10 testing cycles.

Response Time in Seconds
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Analysis

Normal Conditions

* The average response time of 1.3 seconds under normal conditions reflects the system’s efficiency in
handling moderate user loads. This is an ideal response time for web-based educational platforms where
real-time responsiveness is critical for user engagement.

«Implications:

« Efficient database queries and optimized back-end processes contribute to these results.
* Users experience minimal delays, ensuring smooth interaction with the platform.

High User Load

* Under a high user load of 500 concurrent users, the response time increases to 2.2 seconds. While there
is a noticeable delay, it remains within acceptable limits for an educational platform.

* Reasons for Increased Response Time:
* Higher server CPU and memory utilization due to concurrent requests.

* Increased data transfer and processing delays under heavy load.
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* Implications:
* The system handles high loads without crashing, demonstrating scalability.

* Performance degradation is gradual, suggesting robust load-handling capabilities.

Graphical Representation
* A line chart was used to visualize response times across 10 testing cycles, highlighting:
« Stability under normal loads.

* Gradual increase under high loads.

+ Offline Caching:

Scenario Synchronization Success Rate (%) Error Rate (%)

Low Bandwidth 95 1.2

Intermittent Connectivity 97 0.8

High User Load 94 1.5
OFFLINE CACHING

B Synchronization Success Rate (%) ™ Error Rate (%)

%

o\3 S 0\0g
B Rg X 2
— o —
LOW BANDWIDTH INTERMITTENT HIGH USER LOAD
CONNECTIVITY
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Low Bandwidth
 Synchronization Success Rate (95%0):

* The success rate under low bandwidth conditions is slightly lower compared to other scenarios. This
reduction is due to the slower transmission of data packets, which increases the likelihood of
interruptions or timeouts during synchronization.

* Analysis

« Data compression techniques likely contributed to maintaining a high success rate despite bandwidth
limitations.

* The system’s robustness ensures that most synchronization attempts are completed even in suboptimal
conditions.

* Error Rate (1.2%):

* The error rate is moderate under low bandwidth conditions, caused primarily by data loss or incomplete
transmissions during synchronization.

* Analysis:

 Timeouts during data transfer might be the primary contributor to these errors.

* This error rate indicates that while the system is resilient, performance under low bandwidth could be
enhanced with more efficient retry mechanisms or packet loss recovery strategies.

Intermittent Connectivity
* Synchronization Success Rate (97%):

* The success rate under intermittent connectivity is the highest among the scenarios. This demonstrates
the system’s ability to effectively pause and resume synchronization tasks when connectivity is
disrupted.

* Analysis:

» The 97% success rate highlights well-implemented retry and reconnection protocols that mitigate the
effects of disconnections.

» The remaining 3% failure could result from prolonged disconnection periods or incomplete retries
before reconnection.

* Error Rate (0.8%):
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* The error rate under intermittent connectivity is lowest, reflecting the system’s resilience to network
fluctuations.

* Analysis:

« This low error rate suggests effective handling of transient connectivity issues, minimizing data loss or
corruption.

* A combination of retry mechanisms and robust error-checking protocols likely contributed to this
performance.

High User Load
* Synchronization Success Rate (94%0):

» The success rate drops slightly under high user load conditions, reflecting the impact of resource
contention on the system’s performance.

* Analysis:

* A 94% success rate is indicative of a well-optimized system, although resource constraints (e.g., CPU,
memory, or network bandwidth) limit its ability to maintain peak synchronization performance.

» The 6% failure rate could result from server-side bottlenecks or excessive queuing of requests during
heavy load periods.

* Error Rate (1.5%):

* The error rate is the highest under high user load, reflecting the challenges of managing concurrent
synchronization attempts from multiple users.

* Analysis:

* Errors are likely caused by server-side timeouts or dropped connections due to high demand on the
server infrastructure.

« This highlights the need for load-balancing mechanisms or scaling server resources to handle larger user
volumes.
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Overall Insights
1. Synchronization Success:

« Across all scenarios, the synchronization success rates are consistently high (94%-97%), indicating a
reliable system.

» The small variations in success rates are influenced by specific environmental factors (e.g., low
bandwidth, high user load), but the system demonstrates strong resilience overall.

2. Error Rates:
* Error rates remain within acceptable limits across scenarios, with the highest being 1.5% under high
user load.

* The minimal error rate under intermittent connectivity (0.8%) reflects robust handling of network
fluctuations, which is critical for low-connectivity environments.

3. Performance Bottlenecks:

* High user load introduces the most significant challenges, with both synchronization success rates and
error rates being affected. This highlights a potential area for system optimization through server scaling
or load-balancing strategies.

Recommendations Based on Analysis

1. Optimize Low Bandwidth Performance:

 Implement more aggressive data compression to improve synchronization success rates and reduce error
rates in low-bandwidth environments.

2. Enhance High Load Scalability:

* Introduce load-balancing mechanisms or increase server capacity to maintain performance under high
user load conditions.

3. Improve Intermittent Connectivity Protocols:

» While already effective further refinements to reconnection protocols could increase synchronization
success rates to near 100% in cases of intermittent connectivity.
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Impact on Learning

Findings:

The implementation of the CALMS had a significant positive impact on learning outcomes, as
indicated by measurable improvements in student performance and engagement metrics.

1. Average Quiz Scores:

* Pre-deployment: 65%

* Post-deployment: 78%

* The increase of 13 percentage points demonstrates a notable improvement in students’ understanding
and retention of course material.

2. Assignment Completion Rates:
* Increased by 30% post-deployment.

* This improvement reflects the effectiveness of CALMS in encourage student participation and timely
task submission

Statistical Analysis: T-Test
A paired sample t-test was conducted to evaluate the significance of the observed improvement
in quiz scores before and after the deployment of CALMS. The t-test is a statistical method used

to compare the means of two related groups (in this case, quiz scores pre- and pOst-deployment)
to determine whether the observed difference is statistically significant.

1. Hypotheses

* Null Hypothesis (Ho): There is no significant difference in quiz scores before and after the deployment
of CALMS.
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HO + Hpre = HMpost

* Alternate Hypothesis (Hi): There is a significant improvement in quiz scores after the deployment of
CALMS.

1. Test Statistics

* The t-test statistic is calculated using the formula:

Where:

Xpost: Mean quiz score post-deployment.

Xpre: Mean quiz score pre-deployment.

S Standard deviation of the difference between pre- and post-deployment scores.
n: Number of students in the sample.

H, : Hpre << Hpost

80



2. Results

P-Value and Significance
« Using a t-distribution table or software, the p-value corresponding to t = 15.29 with df =99 is p < 0.05,
indicating a statistically significant improvement in quiz scores.

* Interpretation:
* The null hypothesis is rejected.

* This confirms that the observed improvement in quiz scores is not due to random chance but is a result
of the deployment of CALMS.

Impact on Learning

1. Improved Quiz Scores

 The increase in average quiz scores from 65% to 78% reflects enhanced learning outcomes facilitated
by CALMS. This improvement is likely attributed to:

Mean Quiz Scores:

* Pre-deployment: X,,. = 65%.

« Post-deployment: X, = 78%.

« Mean Difference: A = 13%.
Standard Deviation of Differences (5): 8.5.

Sample Size (n): 100 students.

Calculated {-value:

t — Xpost - Xpre
S
N
78 — 65 13 15.99
= T 85 = P, S
~i0 0.85

Degrees of Freedom (df):

df =n—1=100—1=99



* Interactive Learning Tools:

+ Gamified quizzes and instant feedback kept students and improved comprehension.

+ Offline Functionality:

« Students in rural areas had uninterrupted access to learning materials, reducing knowledge gaps.
» Content Accessibility:

+ Centralized learning resources ensured that students could revisit course materials at their convenience.

2. Increased Assignment Completion Rates

» The 30% improvement in assignment completion rates indicates greater student participation and
accountability. Key contributing factors include:

+ Automated Reminders:

* Notifications for upcoming deadlines encouraged timely submissions.

+ Simplified Submission Process:

* The intuitive interface and offline submission capability reduced barriers to task completion.

* Teacher Feedback:
* Quick grading and feedback loops motivated students to stay engaged with their assignments.
Visual Representation

A box plot is used to visualize the distribution of pre- and post- deployment quiz scores, highlighting the
improvement:
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Data Example:

Metric Pre-Deployment Post-Deployment
Mean Score (%) 65 78
Minimum Score (%) 50 65
Maximum Score (%) 75 90
Standard Deviation 8.5 7.2

Comparison of Pre- and Post-Deployment Performance

Metric Pre-Deployment Post-Deployment Improvement

Average Quiz Scores 65% 78% +13%

Assignment Completion 60% 90% +30%
Discussion

1. Effectiveness of CALMS:

. The significant improvement in quiz scores confirms that CALMS positively impacts learning
outcomes, particularly in low-connectivity areas.

. The system’s ability to deliver offline content ensured that students in rural areas could access
materials consistently.

2. Engagement and Accountability:

. The increased assignment completion rates highlight the system’s effectiveness in promoting
student accountability and sustained engagement.

. Features like role-based dashboards and automated reminders directly contributed to this
improvement.

3. Scalability

. These results validate CALMS as a scalable solution capable of improving educational outcomes

in diverse settings.

83



Recommendations
1. Expand Deployment:
. Scale CALMS to additional schools to further validate its effectiveness in improving learning

outcomes.

2. Enhance Analytics:
. Incorporate advanced analytics to monitor individual and group performance trends in real time.

3. Continuous Improvement:
*Use feedback from teachers and students to refine learning modules and enhance system usability.
Conclusion
The deployment of CALMS resulted in statistically significant improvements in learning
outcomes, as evidenced by the increase in quiz scores (from 65% to 78%) and assignment
completion rates (+30%). These findings underscore CALMS’s effectiveness in enhancing
student performance and engagement, validating its role as a transformative tool for bridging
the educational divide.
Adoption Rates
The adoption rates provide critical insights into how CALMS has been embraced by different
user groups (students, teachers, and administrators) in both urban and rural educational

environments. These metrics highlight the system’s relevance, usability, and effectiveness in
addressing the specific needs of its diverse stakeholders.

Findings
1, Adoption by User Category:

« Students: 92% adoption rate, representing the highest engagement among all user groups.

» Teachers: 84% adoption rate, reflecting strong interest but slightly lower engagement compared to
students.

« Administrators: 75% adoption rate, indicating moderate adoption but a need for further encouragement
to utilize platform’s full potential.
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Table of Adoption by User Category

User Category Adoption Rate (%)
Students 92
Teachers B4
Administrators 75

Bar Chart of Adoption by User Category

Chart Title
100
90
80
70
60
50
40
30
20
10
0
Students Teachers Administrators

B Adoption Rate

Rural Schools:
* Adoption rates were slightly higher in rural schools compared to urban schools. This increased

engagement can be attributed to:

 Heavy reliance on offline functionalities in low-connectivity environments

 The system’s ability to address specific challenges faced by rural educators and learners, such as limited
internet access and digital resources.
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Analysis of Adoption Rates

Student Adoption (92%)
+ Key Drivers of High Adoption:

 The intuitive and interactive user interface likely contributed to students engaging actively
with CALMS

 Offline learning capabilities allowed students to access content without internet connectivity,
particularly in rural areas.

Gamified features, quizzes, and real-time feedback mechanisms may have incentivized usage.

Impact

The high adoption rate among students indicates that CALMS effectively meets their educational needs
and enhances their learning experiences.

Increased adoption can lead to improved academic performance and greater exposure to digital learning
tools, preparing students for future tech-based education systems.

Teacher Adoption (84%)

Teachers benefitted from role-specific dashboards, which simplified administrative tasks such as
grading, content uploads, and tracking student performance.

The inclusion of training sessions and onboarding tutorials likely improved teacher confidence in using
CALMS.

Slightly lower adoption compared to students could be due to:

Initial hesitation to adopt new technology among some teachers.

Limited digital literacy among educators in rural schools.
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* Impact:

 The high adoption rate highlights that teachers view CALMS as a valuable tool for reducing workload,
improving efficiency, and enhancing classroom engagement.

+ Continued training and technical support could further boost teacher adoption rates.

Administrator Adoption (75%o)
* Challenges Affecting Adoption:

» Administrators often engage with the system less frequently than students and teachers, focusing on
oversight tasks like data analysis and reporting.

* Lower digital exposure and limited time may have contributed to the lower adoption rates.

* Challenges in integrating CALMS with pre-existing administrative systems could also have impacted
adoption.

Impact:

* Despite the lower adoption rate, administrators still recognized CALMS’S utility in streamlining school
management processes.

* Increasing administrator engagement through tailored training and system customization could further
enhance adoption.

Rural vs. Urban Adoption

Higher Rural Adoption:

 Rural schools exhibited higher adoption rates due to CALMS’s offline functionalities, which addressed
connectivity issues common in underserved areas.

+ Students and teachers in rural areas heavily relied on CALMS for accessing educational resources and
managing classroom activities.
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Urban Schools:

+ Urban adoption rates were slightly lower, possibly due to the availability of alternative digital learning
platforms and resources.

* However, urban users still found the value in CALMS’s centralized management tools and offline
capabilities for backup purposes.

Barriers to Adoption
1. Digital Literacy:

» A lack of familiarity with digital tools among some teachers and administrators may have slowed
adoption.

2. Initial Setup Challenges:
« Technical difficulties during system installation and onboarding could have discouraged early adoption
for some users.

3. Pre-Existing Systems:
* In urban schools, the presence of existing platforms may have led to slower adoption of
CALMS.

Comparison with Industry Benchmarks

 Adoption rates of 75%-92% are significantly higher than the average adoption rates of new educational
technology platforms, which typically range between 60%-80% during the initial implementation phase.

* This high adoption rate demonstrates CALMS’s ability to address user needs effectively and overcome
common barriers to technology adoption in education.
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Recommendations for Increasing Adoption
1. Targeted Training:

 Conduct additional training sessions tailored to administrators to increase their engagement.

2. Feedback Mechanism:

 Implement a feedback loop to identify and address specific concerns hindering adoption.

3. Enhanced Support:

* Provide on-demand technical support during the onboarding phase to ensure smooth implementation
and reduce initial resistance.

4. Awareness Campaigns
* Promote the system’s benefits to all stakeholders, especially in urban schools, where competing
platforms may be available.

Conclusion

The adoption rates of CALMS demonstrate its success as a robust and user-friendly platform
for enhancing educational outcomes. The high adoption among students (92%) and teachers
(84%) indicates strong engagement, while the moderate rate among administrators (75%)
suggests opportunities for further improvement. The slightly higher adoption rates in rural
schools’ underscore CALMS’s ability to address the unique challenges of low-connectivity
environments. These results validate CALMS as a scalable and impactful solution for bridging
the digital divide in education.

Simulation Setup and Detailed Metrics

Simulations were conducted to evaluate CALMS’s robustness, scalability, and adaptability
under varying network and user conditions. This section provides a breakdown of the detailed
metrics captured during the simulations and their implications for system performance and user
experience.

Simulated Environment

Network Simulation:

Tools Used: MyPublicWiFi simulated bandwidth constraints, latency, and disconnections.
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Bandwidth Limits:

Low bandwidth: 128 Kbps.

Moderate bandwidth: 256 Kbps.

Latency Ranges:

Typical latency: 100ms-150ms.

High latency: 200ms-300ms.

* Network Interruptions:

+ Simulated disconnections lasting 5-15 minutes at random intervals.
User Load Simulation:

« Simulated up to 500 concurrent users interacting with CALMS.

* User activities:

* 40% engaged in downloading course materials.

* 35% submitting assignments.

* 25% attempting quizzes and generating reports.

Hardware Used:

* Server: 4GB RAM, 500GB storage, basic dual-core processor.

+ Client Devices: Mixture of smartphones (70%), tablets (20%), and laptops (10%).

Simulated Scenarios and Detailed Metrics

Each scenario was designed to test a specific aspect of CALMS under controlled condition:

Scenario 1: Low Bandwidth
* Objective:

* Assess system performance in environments with severely limited bandwidth.
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* Metrics Measured:
* Response time (seconds).
* Synchronization success rate (%).
* Error rate (%).
Results
Metric
Average Response Time

Synchronization Success

Error Rate
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Result
1.5 seconds
95%

0.8%



Findings:
* Response times remained acceptable for low-bandwidth conditions.

« Synchronization succeeded for most tasks, with minor failures during simultaneous uploads.

Scenario 2: High User Load

* Objective:

* Test the system’s scalability under heavy concurrent usage.
+ Simulation Parameters:

* 500 concurrent users uploading assignments, downloading materials, and generating
performance reports.

* Metrics Measured:
* Response time (seconds).
* Server CPU and memory utilization (%).

* Error rate (%).

Findings:
Metric 100 Users 300 Users 500 Users
Average Response Time 1.2 seconds 1.6 seconds 2.2 seconds
CPU Utilization 35% 70% 95%
Memory Utilization 40% 80% 98%
Error Rate 0.5% 1.2% 2.5%
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+ System performance was stable for up to 400 users.

* Response times increased beyond 400 users, requiring server upgrades for larger
deployments.

Scenario 3: Offline Access and Synchronization
* Objective:

* Test the system’s offline caching and synchronization functionality when connectivity is
restored.

* Simulation Parameters:

» Users worked offline for up to 2 hours, uploading assignments and accessing cached
materials.

+ Connectivity was restored with varying latency (100ms-300ms).
* Metrics Measured:

* Synchronization success rate (%).

* Average time for full synchronization (seconds).

« Data integrity rate (%).

Findings:
Metric Result
Synchronization Success 97%
Full Synchronization Time 18 seconds
Data Integrity 100%
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+ Offline functionality worked seamlessly, with accurate data restoration and minimal delay
during synchronization.

Scenario 4: High Latency

* Objective:

+ Evaluate system performance in high-latency environments typical of rural areas.

* Simulation Parameters:

» Latency increased incrementally from 100ms to 300ms.

» Users accessed quizzes, generated performance reports, and uploaded assignments.
* Metrics Measured:

* Response time (seconds).

» User task success rate (%).

* Error rate (%).

Findings:
Metric 100ms 200ms 300ms
Average Response Time 1.3 seconds 1.8 seconds 2.5 seconds
Task Success Rate 98% 95% 90%
Error Rate 0.5% 1.2% 3.0%
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» System was usable under high-latency conditions, although task success rates declined
slightly at extreme latency levels.

Overall Simulation Results

Scenario Key Metric Result
Low Bandwidth Synchronization 95%
Success
High User Load Max Concurrent Users 400 (before performance

degradation)

QOffline Access and Data Integrity 100%
Sync
High Latency Task Success Rate 90% (at 300ms latency)

Analysis of Simulation Results:
1. System Performance:

* CALMS performed well under low-bandwidth conditions, maintaining acceptable response
times.

* Scalability was validated for medium-sized deployments (up to 400 users), with
recommendations for server upgrades for larger environments.

2. Offline Functionality:

« Offline caching and synchronization mechanisms worked seamlessly, ensuring uninterrupted
learning experiences even in disconnected scenarios.
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3. TVWS Integration:
» Simulated TVWS provided consistent connectivity for up to 30 users, with slightly higher
latency than standard Wi-Fi but still usable for educational purposes.

Recommendations:

* Upgrade server infrastructure for larger deployments.

» Optimize data synchronization for extreme latency scenarios.

Conclusion

The detailed simulation metrics validate CALMS’s robustness, scalability, and offline
functionality. Simulated scenarios provided insights into system performance under challenging
conditions, confirming its suitability for deployment in low-connectivity environments. These
results, combined with real world-testing, position CALMS as a reliable solution for bridging
the educational divide.
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5.3 User Feedback and System Adaptations
Introduction

User feedback serves as a cornerstone for evaluating and improving technological systems,
particularly in educational environments. The CALMS has been designed with adaptability and
user-centric functionalities, emphasizing iterative development based on feedback from its
stakeholders. This chapter provides an in-depth exploration of user feedback mechanisms
implemented for CALMS, the insights derived from these evaluations, and the subsequent
system adaptations undertaken to enhance its performance and usability.

Importance of User Feedback in System Design

User feedback is integral to aligning the functionalities of CALMS with the needs of its users-
students, educators, and administrators. Feedback loops enable:

» Identification of usability challenges.
« Validation of feature relevance.
* Assessment of system efficiency in diverse contexts.

* Prioritization of enhancements based on real-world application.

In CALMS, feedback collection focuses on understanding user satisfaction, navigation ease,
adaptability to educational objectives, and the effectiveness of its offline capabilities in low
connectivity areas.

Feedback Collection Methods

To ensure comprehensive feedback, the study employed mixed-method approaches:

* Surveys and Questionnaires: Distributed among educators and students using CALMS in a
controlled environment.

» Focus Groups: Conducted to discuss specific features such as offline access, TVWS
integration, and results management analytics.

* User Interaction Metrics: Collected through backend system logs to analyze user behavior,
such as login frequency, navigation paths, and feature usage patterns.

* One-on-One Interviews: With administrators to understand challenges in managing the
platform and incorporating real-time analytics into decision making.

Key Findings from Feedback

The feedback collected revealed several critical insights:
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1. Ease of Navigation: Users appreciated the intuitive interface but highlighted areas where
menu organization could be optimized.

2. Offline Accessibility: While offline capabilities were celebrated, some users reported
synchronization delays during intermittent connectivity.

3. Parental Engagement Tools: Parents expressed interest in more detailed student
performance dashboards.

4. Adaptive Learning Tools: Feedback from educators indicated a need for more customizable
modules to cater to varying learning paces.

5. Administrative Challenges: Administrators highlighted the complexity of integrating
CALMS with existing school management systems.

6. TVWS Technology: Users in remote areas noted improved connectivity but requested
broader deployment to regions with weaker signals.

System Adaptations Based on Feedback

The iterative feedback process led to the following system adaptations:

1. Enhanced User Interface (Ul):

* Reorganized menus for easier navigation.

 Added tooltips and guides to assist first-time users.
2. Improved Offline Features:

 Optimized synchronization algorithms to reduce delays.

* Developed an offline caching system for larger datasets like video lectures and assessments.
3. Parental Portals:

» Enhanced dashboards with granular performance metrics, attendance reports, and teacher
comments.

4. Customizable Learning Modules:
* Introduced templates for educators to create tailored learning pathways.

 Added tools for gamified learning to increase student engagement.
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5. Administrative Integration;
« Simplified processes for uploading and making bulk data.
 Enabled seamless integration with third-party school management software.

6. TVWS Signal Expansion:
» Collaborated with local telecommunications authorities to improve signal reach and quality.

Impact of Adaptations on System Usability
Preliminary evaluations post-adaptation indicated:

* Higher User Engagement: Increased login rates and prolonged interaction durations,
particularly among students in rural settings.

» Educator Satisfaction: Enhanced tools for tracking student progress received positive
reviews.

* Parental Involvement: Greater use of parental portals signified improved home-schools
communication.

» Operational Efficiency: Administrators reported smoother workflows and reduced data
management burdens.

Challenges in Implementing Feedback Despite
the improvements, challenges persisted:

* Resource Constraints: Limited funding restricted full-scale implementation of certain
requested features.

» Connectivity Limitations: In regions with severe infrastructure deficits, even TVWS
technology struggled to deliver consistent service.

* Training Gaps: Users required more comprehensive onboarding to maximize the system’s
capabilities.

Conclusion

The incorporation of user feedback into the iterative development of CALMS underscores the
platform’s commitment to user-centered design and adaptability. By responding to the needs of
its stakeholders, CALMS continues to evolve as a robust solution for enhancing education in
low-connectivity areas. Future iterations will focus on addressing the remaining challenges,
particularly in scaling TVWS deployments and expanding training initiatives, ensuring the
system meets its full potential in transforming educational access and delivery.
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6.1: Discussion
Insights and Implications of Findings

The development, deployment, and evaluation of the CALMS yielded valuable insights into its
role in addressing key educational challenges in low-connectivity regions. These findings
reflect the potential of CALMS to redefine access, engagement, and effectiveness in educational
technology while revealing broader implications for the design and implementation of LMS
platforms.

Technological Inclusivity and Equity

One of the core findings is the success of CALMS in promoting technological inclusivity. By
leveraging TVWS technology, CALMS provides connectivity to underserved regions that
previously lacked access to digital resources. This technological innovation enabled equitable
participation in digital learning, especially for students in rural areas where conventional
broadband infrastructure is absent.

Implications:

. Policy Development: Governments and educational bodies should prioritize integrating
alternative connectivity solutions, like TVWS, to address disparities in digital access.

. Educational Equity: Systems like CALMS demonstrate the possibility of bridging the
urban-rural education divide, fulfilling goals like the United Nations Sustainable
Development Goal 4 (Quality Education)

Offline Functionalities and Learning Continuity

CALMS’s emphasis on offline capabilities addressed one of the most significant barriers to
digital learning in low-bandwidth areas. Feedback from users highlighted that features such as
content caching, asynchronous learning tools, and periodic synchronization ensured
uninterrupted learning, even during prolonged connectivity outages.

Implications:

. Adaptation of Global LMSs: Mainstream platforms like Canvas and Moodle must
incorporate offline functionalities to remain viable in low-resource environments.

. Hybrid Models for Learning: The success of offline features in CALMS supports the
adoption of hybrid LMS models, combining online and offline modes to optimize learning in
varied contexts.
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User-Centric Design

Iterative feedback and user testing revealed the importance of designing LMS platforms with
the end-user in mind. CALMS demonstrated significant improvements in user satisfaction by
incorporating tailored features, such as adaptive learning modules, parental engagement tools,
and intuitive administrative interfaces.

Implications:

. Iterative Development Processes: User-centered design should be integral to LMS
development, ensuring platforms remain relevant and user-friendly.

. Accessibility: Features such as adaptive learning pathways and multilingual support can
improve accessibility for diverse learners, a focus that CALMS exemplifies.

Educational Engagement and Effectiveness
CALMS’s ability to combine analytics-driven insights with adaptive learning technologies led
to improved educational engagement and outcomes. By enabling educators to identify learning

gaps and deliver personalized interventions, CALMS created a more responsive and effective
learning environment.

Implications:

. Data-Driven Education: LMS platforms should integrate analytics tools to support
evidence-based teaching strategies.

. Enhanced Engagement: Features such as gamified content and interactive modules, as
seen in CALMS, can significantly increase student motivation and retention.
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6.2 Comparisons with Existing Learning Management Systems

To contextualize CALMS’s contributions, it is essential to compare it with existing LMS
platforms, both globally recognized systems and local alternatives. This comparison
underscores CALMS’S unique position in addressing the specific challenges of Low
connectivity regions like Zimbabwe.

Strengths of CALMS Over Global LMSs:

1. Connectivity Solutions:
» Global LMSs: Platforms like Moodle, Canvas, and Blackboard require consistent high-speed
internet, limiting their utility in rural and underserved areas.

* CALMS: Utilizes TVWS technology to extend connectivity, providing a reliable alternative
in regions with poor broadband infrastructure.

2. Cost-Effectiveness:

» Global LMSs: Premium platforms like Canvas and Brightspace have high licensing fees,
making them inaccessible for low-income schools.

« CALMS: Offers an affordable solution, reducing reliance on expensive software and
hardware infrastructure.

Feature Integration:

* Global LMS: Often focus solely on academic delivery, requiring separate tools for
administrative and parental engagement.

* CALMS: Combines e-learning, result management, and website functionality into a unified
system, streamlining operations for educators and administrators.

3. Adaptability for Low-Resource Environments:
* Global LMS: Lack the offline capabilities necessary for low-bandwidth areas.

* CALMS: Excels in providing offline features, enabling students and teachers to interact with
the platform even without continuous connectivity.
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Comparison with Local Platforms
1. Ruzivo Digital Learning Platform:

« Strengths of Ruzivo: Aligned with the Zimbabwean curriculum and supports offline
downloads.

« Limitations of Ruzivo: Lacks advanced features like adaptive learning, analytics dashboards,
and parental portals.

* CALMS advantage: Combines local curriculum alignment with global best practices,
integrating advanced tools for engagement and analysis.

2. Google Classroom:

» Strengths of Google Classroom: Simple and user-friendly interfaces with strong integration
with other Google tools.

« Limitations of Google Classroom: Limited analytics and absence of offline capabilities.

« CALMS Advantage: Offers advanced analytics and offline functionalities tailored to
underserved regions.

6.3 Contribution to the Field of Educational Technology

The development and evaluation of CALMS make significant contributions to the field of

educational technology, particularly in low-connectivity and low-resource settings.

Technological Innovation

CALMS demonstrates how emerging technologies like TVWS can be adapted for educational
purposes, providing a model for leveraging underutilized resources to expand connectivity.

Key Contributions:

» Demonstrates the feasibility of TVWS in educational contexts.

« Sets a precedent for integrating alternative connectivity solutions into LMS platforms.
Advancing Inclusive Education

By addressing the needs of learners in remote and underserved regions, CALMS contributes to

the global discourse on educational equity and inclusivity.

Key Contributions:
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« Aligns with international goals like SDG 4 (Quality Education).

* Provides a replicable model for inclusive education in other low-resource regions.

Informing Best Practices for LMS Design

The user- centric approach adopted by CALMS highlights the importance of iterative
development processes and local context adaptation in LMS design.

Key Contributions:

« Offers insights into balancing user needs with technological innovation.

» Demonstrates the value of combining global best practices with local relevance.

Implications for Policy and Practice

The findings from CALMS offer actionable recommendations for policymakers, educational
institutions, and developers, emphasizing collaboration and innovation.

Key Contributions:
 Encourages investments in alternative Connectivity technologies.

* Inform scalable, cost-effective educational technology initiatives.

Conclusion

The insights from CALMS underscore its potential as a transformative tool for addressing
educational disparities in low-connectivity regions. By filling gaps left by existing LMS
platforms and contributing to the broader field of educational technology, CALMS highlights a
path toward more inclusive, equitable, and effective learning environments. The lessons drawn
from its development and evaluation set a strong foundation for future innovations in the field.

104



7.1: Conclusion and Future Work

Summary of Contributions.

The CALMS represents a significant advancement in the field of educational technology,
addressing critical challenges faced by learners, educators, and administrators in low
connectivity and resource-constrained environments. This project demonstrated how innovative
solutions can bridge the digital divide, promote inclusivity, and enhance educational outcomes.
Key Contributions

1. Technological Innovation:

. CALMS leveraged TVWS technology to extend internet connectivity to underserved
areas, overcoming infrastructural challenges in rural regions of Zimbabwe.

2. Integrated Solution

. CALMS unified key educational and administrative functionalities into a single
platform, including e-learning hubs, results management, and website management systems,
reducing the need for multiple, costly tools.

3. Inclusivity and Accessibility

. By focusing on user-centered design, CALMS incorporated features like adaptive
learning, parental portals, and analytics dashboards, ensuring accessibility for diverse user
groups.

. Its alignment with local educational needs and global best practices enhanced its
relevance and utility.

4. Empirical Contribution

. The iterative development and testing of CALMS provide a replicable model for
designing LMS platforms tailored to low-resource settings.

. The project offered insights into the challenges and opportunities of deploying
educational technologies in underserved regions.

5. Policy Alignment:

. CALMS directly contributes to achieving Sustainable Development Goal 4 (Quality
Education), showcasing the role of technology in fostering equitable and inclusive learning
environments.
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Recommendations for Practitioners and Policy Makers

The development and deployment of CALMS offer actionable recommendations for educators,
administrators, and policymakers aiming to enhance digital education in low connectivity
settings.

For Practitioners

1. Adopting Hybrid Models:

. Teachers and administrators should leverage CALMS’s offline and online
functionalities to ensure continuity in education, particularly in regions with intermittent
connectivity.

2. Training and Capacity Building:

. Educators require comprehensive training to maximize CALMS’s potential, particularly
in areas like adaptive learning and results analysis.

3. Customizing Content:

. Practitioners should use CALMS’s customizable modules to align digital content with
local curricula and learning objectives, ensuring its relevance to students.

4. Engaging Stakeholders:

. Parental engagement features should be actively utilized to foster collaboration between
schools and families, improving student outcomes.

For Policymakers
1. Investing in Connectivity Infrastructure:

. Governments should prioritize expanding alternative connectivity solutions like TVWS
to underserved regions, ensuring equitable access to digital education.

2. Scaling Inclusive Platforms:

*Policymakers should support the adoption of platforms like CALMS, which combine
educational and administrative tools, streamlining operations in resource-constrained schools.

3. Providing Financial Support:

. Subsidies and funding initiatives are essential for scaling affordable solutions like
CALMS, particularly for schools in rural areas.
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4. Encouraging Localized Solutions:

. Policies should encourage the development of educational technologies that address the
specific needs of local contexts while incorporating global best practices.

5. Monitoring and Evaluation:

. Establish frameworks to assess the long-term impact of educational technologies like
CALMS on learning outcomes and equity.

7.2 Future Research Directions

The findings from this study reveal opportunities for further exploration and innovation in the
field of educational technology.

Expanding the Scope of Connectivity Solutions

. Investigate the scalability and long-term sustainability of TVWS technology in diverse
geographic and socioeconomic contexts.

. Explore the integration of other emerging connectivity solutions, such as satellite
internet, into platforms like CALMS.

Enhancing Analytics and Personalization

. Develop advanced analytics tools within CALMS to provide predictive insights and
adaptive learning pathways tailored to individual student needs.

. Incorporate machine learning algorithms to enhance the personalization of educational
content and interventions.

Addressing Training and Adoption Challenges

. Research effective training models for educators and administrators to maximize their
use of LMS platforms.

. Study factors influencing the adoption of educational technologies in low-resource

settings to improve deployment strategies.

Supporting Multilingual and Multicultural Education
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. Investigate ways to integrate multilingual support into LMS platforms to ensure
inclusivity for learners in diverse linguistic regions.

. Study the impact of culturally relevant content on engagement and learning outcomes
in digital education.

Longitudinal Impact Studies

. Conduct longitudinal studies to assess the long-term effects of CALMS on educational
equity, learning outcomes, and stakeholder satisfaction.

. Explore the role of educational technologies in mitigating the impacts of future
disruptions, such as pandemics or natural disasters.

Conclusion

The development and evaluation of CALMS underscore the transformative potential of
educational technology in addressing disparities in access and quality. By combining innovative
connectivity solutions with aa user-centric design, CALMS serves as a model for inclusive and
effective digital education platforms. Its contributions extend beyond immediate application,
offering insights and frameworks that can inform the next generation of educational
technologies. Through continued research, investment, and collaboration, platforms like
CALMS can play a pivotal role in shaping equitable and connected future for learners
worldwide.

108



Awards and Recognitions

1. Africa Science Buskers Festival 2023

I was honored to be one of the 150 finalists across Africa selected to participate in the Africa
Science Buskers Festival 2023, the largest science festival on the continent. My project
CALMS (Computer-Aided Learning Management Suite), was showcased at the event, where |
received three prestigious awards:

» Gold Medal for innovation and excellence.
* Online People’s Choice Award for gaining widespread public support.

* Belt & Road Teenage Maker Camp Delegate Award, recognizing my selection to
represent Zimbabwe and Africa on an international stage.

2. Belt & Road Teenage Maker Camp Delegate Award2023, China
As a recipient of the Belt & Road Teenage Maker Camp Delegate Award, | had the
privilege to represent my country, Zimbabwe and Africa at the 7" Belt& Road Teenage
Maker Camp held in Chongging and Guangxi, China, in November 2023. During this
event:

* | collaborated with mentors from renowned universities in Asia, including Chongqing
University, Southwest University, Chongging Normal University, and Chongging Jiatong
University.

* [ participated in project training under four themes: space exploration, colorful biology,
artificial intelligence, and creative bridge engineering.

* I developed the ZimTruck 2.0, an Al-powered robot capable of performing three distinct
functions: vacuum cleaning, lawn mowing, and a combine harvesting, all operated via
voice commands. This innovation addresses key agricultural challenges in Africa by
improving labor efficiency and productivity.

My contributions at the camp earned me and Team Zimbabwe the following accolades:
» Gold Medal for exceptional performance.

» Best Teamwork Award for collaborative excellence.

« A Sterling Engine for outstanding participation in the electrostatic completion.

These awards not only underscore my dedication to STEM innovation but also highlight

the potential of my projects to address critical issues, especially in agriculture, both in
Africa and beyond.
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