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Introduction/Importance of Study: Usability and User Experience (UX) evaluation is
essential for improving Learning Management Systems (LLMS) because these platforms directly
influence students’ learning effectiveness and satisfaction.
Novelty statement: This study uniquely compares traditional user testing with a
crowdsourced usability testing method on prominent global LMS platforms (Google
Classroom, Canvas, and Edredo), addressing a critical research gap in large-scale
benchmarking and resource-efficiency.
Material and Method: An experimental research design involved 15 traditional and 15
crowdsourced testers who performed identical tasks. Sessions were recorded via OBS software
and analyzed using the Molich and Dumas coding scheme. To determine statistical significance
between the two methods, the Mann-Whitney U test was employed to evaluate effectiveness
(issue counts), efficiency (time), and cost-effectiveness.
Result and Discussion: The evaluation identified a total of 310 usability issues. The
traditional method discovered 170 (55%), while the crowdsourced method identified 140
(45%). In terms of effectiveness parity, the traditional method detected 48 key issues compared
to 45 in the crowdsourced approach (p=0.23014), proving no significant difference in
identifying critical failures. However, crowdsourced testing demonstrated extreme economic
efficiency, reducing costs by 6.4x—expending $150 compared to $960 for traditional testing
(p=0.00001). Regarding time efficiency, crowdsourced sessions were completed in 4.88 hours
compared to 6.07 hours for traditional methods (p=0.11123), indicating comparable
operational speeds.
Concluding Remarks: Crowdsourced usability testing provides a statistically validated
alternative to traditional methods, achieving comparable issue detection effectiveness while
significantly reducing resource expenditure.
Keywords: Usability; User Experience; User Testing; Crowd Sourced Usability and Learning
Management Systems
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Introduction:

A Learning Management System (LMS) is one of the most innovative tools for
disseminating knowledge beyond geographical boundaries [1][2][3][4]. This global digitization
drive was significantly accelerated by the COVID-19 pandemic, which renewed research interest
in the use and usability of these systems [1]. In the post-pandemic educational environment,
where long-distance education is no longer a matter of choice but a necessity, the development
of systems that meet established usability and user experience (UX) standards is paramount [5].

Also referred to as a Virtual Learning Environment (VLE), LMS is a software platform
utilized by educational institutions, including schools, colleges, and universities, enabling both
educators and students to access its features anytime, anywhere, and on any device [6][7][8]. As
online learning platforms have become prominent in the 21st century, recent scholarship
emphasizes the need for cross-cultural and user-centered design to enhance student engagement
and ensure a positive user experience [2].

Beyond academia, LMS has found substantial adoption in various sectors, including
healthcare, corporate training, and government agencies [5][9]. It serves as a comprehensive
software unit, integrating a multitude of features designed to facilitate the management and
delivery of knowledge [10][11]. Key features of LMS platforms include a user-friendly interface,
customisation options to tailor the system to specific user needs, virtual classrooms, integration
with social media platforms, and communication tools such as discussion forums, chat systems,
course management, and reporting functionalities [7][8][11]. Despite these diverse features,
challenges regarding low adoption rates among educators persist; research suggests that
perceived usability—heavily influenced by human factors and organizational support—is a
critical predictor of actual system usage [6].

Evaluating the usability and user experience (UX) of LMS platforms is critical for
ensuring their effectiveness in supporting educational processes. Such evaluations aim to
enhance the interaction between students and educators, thereby mitigating potential challenges
encountered during the learning process. Usability and UX are pivotal factors in determining
the success of these platforms [5][10]. Recent assessments utilizing the System Usability Scale
(SUS) often indicate that current systems fall short of established usability benchmarks,
highlighting an urgent need for optimized navigation and improved user interfaces [11]. To
address these deficiencies, contemporary studies recommend a triangulation of evaluation
methods—including heuristic evaluations, eye-tracking, and interviews—to effectively validate
and improve usability requirements [1].

Research Contributions

Conducts a comparative evaluation of prominent LMS such as Google Classroom,
Canvas, and Edredo, whereas existing research typically focuses on local or institutional systems.

Statistically validates that crowdsourcing is as effective as traditional lab-based testing
(p=0.23), identifying a comparable number of key usability issues (approximately 42—46% of
total identified).

Quantifies a 6.4x reduction in expenditure, documenting a total cost of $150 for
crowdsourcing versus $960 for traditional laboratory methods.

User Experience (UX) pertains to the overall experience an individual has while
interacting with a product or service, especially in the context of digital technologies [12]. UX
design involves creating digital solutions that prioritize user satisfaction by addressing user
needs, behaviors, and motivations. It encompasses aspects such as ease of use, enjoyment, and
the extent to which the product effectively fulfils user requirements [13]. Conversely, usability is
defined as the degree to which a software application can be used by specified users to achieve
specific goals effectively, efficiently, and satisfactorily within a defined context [14].

The literature highlights various Usability Evaluation Methods (UEMs), with usability
testing (user-based evaluation) and usability inspection being among the most prominent.
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Tradltlonal usability evaluation methods, such as user testing, and analytics-based approaches
like A/B testing, are often resource-intensive in terms of both cost and time. These challenges
arise from the difficulty of recruiting actual users, high participant leasing costs, and the
complexity of creating testing environments that comprehensively address all aspects of
software usability [15][16][17].

To address these limitations, usability inspection methods were introduced as cost-
effective alternatives. However, these methods heavily rely on the availability of usability experts
and may fall short in adequately evaluating real user experiences [15]. More recently,
crowdsourcing has emerged as an effective approach to overcome the cost and time constraints
associated with traditional UEMs [18][19][20]|21].

Despite extensive research on the application of crowdsourcing for usability evaluation,
there remains a significant gap in assessing the usability of LMS platforms in the context of
higher education [21]. While numerous higher education institutions and organizations have
adopted modern LMS platforms, research addressing the accessibility and usability of such
systems remains sparse [22][23]. Notably, there is a pressing need to explore the viability of
crowdsourcing platforms in evaluating the usability of LMS, particularly in systems like Google
Classroom. Furthermore, studies comparing the cost-effectiveness and time efficiency of
traditional user-testing methods with crowdsourced usability methods in assessing LMS usability
and UX are conspicuously lacking [21].

In light of these gaps, this study seeks to address the limitations of traditional usability
testing by investigating the feasibility of crowdsourced usability testing. The research focuses on
evaluating the usability and UX of LMS platforms while comparing the efficiency and
effectiveness of traditional and crowdsourced usability evaluation techniques.

Aims and Objectives: The overarching aim of this research is to compare the effectiveness of
traditional and crowdsourcing methods in evaluating the usability of Learning Management
Systems (LMS). This aim is realized through the following specific objectives and research
intents:

To compare the effectiveness, efficiency, and reliability of traditional lab-based usability testing
and crowdsourced usability evaluation.

To analyses and compare the cost and time requirements of traditional and crowdsourced
usability testing approaches.

To evaluate the usability of three prominent LMS platforms: Google Classroom, Canvas, and
Edredo.

Material and Methods:

Related Work: A Learning Management System is defined as a digital infrastructure designed
to deliver and manage instructional content, assess and track individual and organizational
learning goals, and oversee the learning process within an institution or organization [23]. LMS
has become an essential tool in facilitating efficient educational processes, particularly in higher
education. Its adoption has increased significantly in recent years across academic institutions
[24].

LMS platforms provide a wide range of open-source and commercial tools, such as
Blackboard, Edvance, Pearson’s College, Jenzabar e-Racer, Moodle, LoudCloud, OLAT, and
Claroline [25]. Among these, Blackboard is the most widely used commercial tool, while Moodle
stands as the most prominent open-source platform [26].

By fostering an inclusive learning environment, LMS supports professional training,
group collaboration, discussions, and communication among users [8]. Jafari [27] noted that
LMS platforms consistently provide learners with streamlined information, enhancing their
performance. Moreover, LMS promotes independent learning while ensuring sustainable
engagement for its users [28].
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S1gn1ﬁcance of Usability for LMS: As LMS platforms evolve, becoming increasingly complex
and feature-rich, their effectiveness and efficiency depend heavily on usability. If an LMS is not
designed with user-friendliness in mind, it risks being inaccessible or unusable to a significant
proportion of its users [29]. Users often identify usability challenges as being tied to an LMS's
alignment with human cognitive abilities and perceptions. Enhanced usability not only improves
the learning experience but also contributes to improved academic performance among students
[30]. The integration of human-computer interaction principles and usability research is a crucial
aspect of LMS design and development. Academic institutions can leverage usability studies to
assess LMS systems, ensuring ease of use and high levels of user satisfaction [31].

Usability Assessment Methods: In the context of LMS, usability pertains to designing
platforms that align with the needs, expectations, and cognitive processes of both students and
educators. The usability of LMS platforms plays a critical role in meeting user expectations and
supporting effective learning experiences [32]. Usability evaluation has evolved over the past
four decades, progressing from end-user testing in controlled lab environments to inspection
methods and remote testing. These methods aim to reliably gather user feedback to inform and
validate interface designs.

Numerous Usability Evaluation Methods (UEMs) exist, with usability testing and
usability inspection being the most prevalent. However, traditional usability testing methods are
often resource-intensive, requiring significant time and financial investment. Challenges include
difficulty in recruiting participants, high participant compensation costs, and creating
comprehensive testing environments [33].

Traditional methods are further limited by geographical constraints and the inability to
simulate real-world user environments, including work-related tasks and diverse hardware
configurations [34]. Effective results, as per Nielsen [35], can often be achieved with as few as
five users, but such methods remain costly and time intensive.

Most existing studies on LMS wusability rely on traditional methods such as
questionnaires and focus group discussions [36][37][38][39]. While these studies often identify
usability issues, they rarely provide actionable recommendations to resolve them [40][41].

The usability inspection method, which relies on expert evaluators and heuristic
assessments, has emerged as an alternative. However, it faces challenges similar to traditional
methods, such as requiring multiple evaluations and expert involvement for reliable results [42].
Moreover, these methods often overlook usability issues that could be identified through actual
user engagement [12].

Crowd sourcing usability testing has gained traction as a cost-effective and efficient
alternative. It enables researchers to recruit diverse users for evaluating software platforms. [18]
conducted a study comparing traditional and crowdsourced usability testing methods for a
graduate school website. The results indicated that crowdsourcing offered a faster, more cost-
effective approach while achieving results comparable to traditional methods.

However, as [20] pointed out, the effectiveness of crowdsourcing methods depends on
factors such as user expertise and the quality of the crowdsourcing platform. For instance, Liu’s
study [18] employed only student users and used a crowdsourcing platform that yielded
suboptimal results. [20] further demonstrated that novice users could identify similar usability
issues as experts, making crowdsourcing a cost-effective alternative. Despite these
advancements, further exploration is required to evaluate the potential of crowdsourcing
methods in assessing the usability of e-learning platforms like Google Classroom. This study
addresses this gap by comparing the effectiveness and efficiency of traditional and
crowdsourcing usability evaluation techniques.

Current Research Overview on Crowdsourcing & Usability Evaluation:
Strategic Evolution and Frameworks for Crowdsourced UX Research:
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Recent literature reports that while traditional User Experience (UX) research methods
like interviews and expert evaluations are foundational, they often struggle with scalability and
diversity. Researchers are now proposing structured frameworks to formalize the transition to
crowdsourced evaluations.

Researcher [43] highlights that crowdsourcing offers a quicker, more cost-effective
alternative to conventional methods by providing access to larger and more heterogeneous
populations [43] The authors argue that this approach overcomes the primary challenges of
traditional research, such as reaching diverse user samples and accelerating the speed of user
testing.

To make crowdsourced evaluations more systematic, [21] introduced CrowdUiX, a
framework designed for novice usability inspection [21]. Through a multi-case study, the
research demonstrated that with the suitable framework, practitioners can effectively translate
findings from a novice crowd into successful software redesigns, avoiding common pitfalls like
poor task design or incentive mismanagement.

Comparative Performance: Remote, Crowdsourced, and Traditional Lab Settings:

A central theme in recent years is the direct comparison of remote and crowdsourced
methods against established laboratory standards to validate their efficacy.

Authors [44] in a controlled experiment comparing traditional User Acceptance Testing
(UAT) with an asynchronous crowdsourcing framework, the crowdsourced method achieved
80% bug detection effectiveness compared to 73.3% for traditional UAT. The study concludes
that crowdsourcing offers superior flexibility and documentation quality while maintaining high
accuracy.

Researchers [45] Focused on the complexities of Augmented Reality (AR), this study
compared lab-based testing with synchronous remote methods. It identified that while remote
testing is feasible, it faces unique challenges such as technical issues, a sense of "distance" from
the authentic AR experience and reduced experimental control over the user environment.

Researchers [46] in an experimental study of 100 participants compared web-based
asynchronous remote tests to laboratory settings. The findings revealed that the specific web
technology (HTML5/JavaScript) used in remote tools can affect task execution times and
participant satisfaction. Furthermore, it noted that a lack of human support in remote settings
makes participants more prone to negative emotions, especially when hindered by slow internet
connections.

Advanced Data Validation and Reliability Metrics:

Recent literature has shifted focus toward algorithmic data cleaning and consistency
metrics to ensure data integrity because crowdsourced platforms are susceptible to bots and
inattentive participants.

Authors [47] proposed the SUS Consistency Score (CSc), a self-contained metric that
evaluates the reliability of System Usability Scale responses by looking for logically opposing
statements to combat the “MTurk quality crisis”. The researchers found that bot-generated and
careless responses can significantly skew SUS scores, and applying CSc-based filtering is essential
to prevent misleading conclusions about a tool’s perceived usability.

Researchers [48] introduced a cleaning method based on score differences across
multiple questionnaires, such as the SUS, UMUX, and mATM. The study established that a 30-
point score difference between highly correlated scales serves as a valid threshold for identifying
low-quality data. Additionally, the authors confirmed that completion time remains a useful,
though secondary, indicator for detecting unreliable crowdsourced data.

Limitations of the current literature on crowdsourcing & usability evaluation:

The current literature review on crowdsourcing and usability evaluation reveals several

critical gaps that justify the importance of this study:
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Lack of Standardized Metric Comparison: While many studies acknowledge that

crowdsourcing is "faster"

r “cheaper” they frequently lack a granular quantitative comparison

[44]. Specifically, few studies calculate the exact cost-per-usability-issue or the exact person-
hours required per key issue when comparing crowd-sourced methods to traditional lab-based

testing.

Focus on Modality over Platform: Current research often compares remote testing to lab
testing, but it frequently fails to distinguish the specific benefits of using established
crowdsourcing platforms (like Fiverr or MTurk) for the evaluation of prominent, high-traffic

systems.

Absence of Major LMS Benchmarking: A significant limitation in existing literature is the
focus on local, custom-built, or institutional software. There is a conspicuous lack of studies that
apply these comparative methodologies to widely used global Learning Management Systems
such as Google Classroom, Canvas, or Edredo.
Reliability vs. Efficiency Trade-off: Much of the recent research is dedicated to data cleaning
and reliability (combating bots and inattentive users). While vital, this focus has come at the
expense of investigating the comparative effectiveness—specifically, whether the "crowd" can
identify the same number of critical or “key” usability issues as traditional expert-led or lab-
based sessions.
A summary of the research on crowdsourced usability evaluation is presented in Table 1.
Table 1. Overview of literature on crowdsourcing and usability evaluation

Reference Aim Research Design Contributions Limitations
CSc effectively No . direct
To  propose a | Exploratory surveys identifies inattentive | COMPAatison  to
quality metric, SUS | on  MTurk  and ¢ bot r | traditional  lab-
Consistency Score | Clickworker followed OF DOT TCSPONSES: | hased  methods
filtering by CSc .
[47] (CSc), to assess the | by a  large-scale conificant] for cost or time.
reliability of | (n=254)  wvalidation SlEtcanty Focuses solely on
improves the . .
crowdsourced study on the PoPLar D data integrity
. reliability of SUS | . .
usability scores. tool. within the crowd
scores. .
environment.
To address
limitations in The crowdsourcing | Bug detection
. A controlled . .
traditional User experiment involvin framework achieved | effectiveness was
Acceptance Testing 1 Op ctic ntVt iing higher bug | found to be more
[44] (UAT) by | | PAHCIPARIS TSNS | gorection  (80%) | influenced by
. an inventory S L
developing an than traditional | individual
management o . .
asynchronous avblication UAT (73.3%) with | attentiveness than
crowdsourcing pp ) superior flexibility. | the method itself.
framework.
iy In the absence of
Practitioners ~ can . framework
To improve novice | Validation of the | effectively use | o itioners m ’
usability inspection | framework through a | CrowdUiX to | Practitioners may
) . . . overlook  critical
[21] using a proposed | multi-case study in | translate novice .
. . . factors like
framework named | practical software | crowd findings into | . .
. . . incentive
CrowdUiX. redesign settings. successful software
. management and
redesigns. .
task design.
To identify low- | Testing data cleaning | A 30-point score | No comparison
[48] quality data in | methods across two | difference between | to traditional
crowdsourced environments using | correlated scales is a | usability  testing
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usability tests using | SUS, UMUX, and | valid cleaning | methods. Focuses
score  differences | mATM threshold; entirely on the
between multiple | questionnaires. completion time is | refinement of the
questionnaires. also a useful | crowdsourcing
indicator. data cleaning
process.

Compares remote

To compare vs. lab, but not
p : Web-based  tools e
asynchronous An experimental . specifically
- . affect task execution
remote  usability | study  with 100 | . y crowdsourced
: . times; participants
[40] tests using web- | participants and 15 | . . platforms Vs.
. . in remote settings iy .
based tools against | evaluators  focusing traditional testing
i : : are more prone to | .
traditional on website testing. . : in terms of cost-
negative emotions. :
laboratory tests. effectiveness and
scalability.
To compare lab- . .- | Focuses on the
. : Investigated if .
based and remote | A direct comparison modality (remote
) reduced
synchronous of outcome variables . vs. lab) rather
. . experimental .
usability testing | (performance, . than a cost/time-
[45] . . control in remote .
methods satisfaction, accuracy) . efficiency
. . settings affects the .
specifically for | across three testing - .. | comparison  of
. validity and usability
Augmented Reality | approaches. crowdsourced
results of AR. .
(AR). testing.
Crowdsourcin, .
A book  chapter . g Conventional
To explore how o provides  quicker
. overviewing methods  struggle
crowdsourcing can ) access to larger, .
conventional vs. to reach diverse
overcome the more
[43] . crowdsourced user samples and
limitations of heterogeneous
. methods  such as . accelerate the
conventional UX | . . populations
interviews and focus speed of user
research methods. compared to small- .
groups. testing.

scale surveys.

Current Research Overview on Usability Evaluation of LMS:
Factors Influencing LMS Adoption and Perceived Usability:

Recent literature has shifted from simply measuring usability to understanding how it
predicts the actual acceptance of systems by educators and students.

Researchers [6] addressed the issue of low LMS adoption among lecturers in Ghana by
proposing a statistical model based on Partial Least Squares Structural Equation Modeling (PLS-
SEM) [6]. The research identifies that human factors, organizational support, and social
influence significantly impact the perceived usability (PUsab) of a system. Crucially, the authors
demonstrate that perceived usability is a direct predictor of whether lecturers will actually use
the platform, providing a validated questionnaire for future adoption assessments.

Design Frameworks: Cultural and Context-Specific Requirements:

As LMS platforms move beyond a "one-size-fits-all" model, researchers are exploring
how specific user needs and cultural contexts dictate design requirements.

Muhmad Asri et al. (2024) conducted systematic literature review of 74 articles (2014—
2023) examining the intersection of Cross-Cultural Design (CCD) and User-Centered Design
(UCD) [2]. The study highlights that the design of an LMS—specifically its UI/UX elements—
directly affects student engagement. It argues that for an LMS to be successful, it must embrace
diverse cultures, languages, and social contexts to create a positive and inclusive online learning
experience.
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Authors [1] focused on 545 Open Distance and Electronic Learning (ODeL)
environments, this study proposes a set of validated usability requirements specifically tailored
for lecturers and students in distance education [1]. By abstracting these requirements from
existing literature and validating them through mixed methods, the research provides a
framework to ensure LMS platforms meet the unique navigational and pedagogical needs of
remote learners.
Evaluation Methodologies and Usability Benchmarks:

A significant portion of recent research focuses on the methods used to identify usability
failures and how current institutional systems compare to established industry standards.

[5] conducted a systematic mapping analyzing the publications from the last decade to
identify the most common evaluation approaches. The results show that Jakob Nielsen’s
heuristics remain the dominant method in LMS evaluations, often used in combination with
other techniques. The authors emphasize that the 2020 pandemic transformed LMS adoption
from a choice into a necessity, necessitating more diverse and perhaps automated methods to
ensure these systems support effective learning,.

A study by [11] provided a practical application of the System Usability Scale (SUS) to
evaluate the “U Learn” LMS at UNDIKNAS. The evaluation revealed an average SUS score of
56.65, which falls significantly below the recognized academic benchmark of 68. These findings
highlight common failures in institutional systems, leading to specific recommendations for
optimizing user interfaces, improving navigation, and providing better user guides to bridge the
usability gap.

Beyond providing design requirements, research study by Lehong et al. (2024)
contributed to methodological efficiency by triangulating heuristic evaluation (HE) with eye-
tracking, SUS questionnaires, and interviews. The study concludes that Heuristic Evaluation
remains a highly effective and efficient method for identifying critical usability problems in an
LMS, especially when validated against more resource-intensive quantitative methods.

None of the recent LMS-based studies explicitly evaluated the usability of prominent
global platforms such as Google Classroom, Canvas, or Edredo; instead, they focused on
institutional systems or broader systematic reviews. Regarding evaluation methods, while not all
studies compared them, those that did—particularly [1]—placed a strong emphasis on the
efficiency and effectiveness of the techniques used. An overview of the research on usability
evaluation of the LMS is provided in Table 2.

Table 2. Overview of literature on usability evaluation of LMS

Study Aim Research Design | Contributions Limitations
The paper does not
To investivate lo Quantitative Mapped evaluate prominent LMS
I.MS v i do tio\z survey of 255 | technology like Canvas or Google
(6] mone lect rIr) i lecturers across | acceptance to | Classroom. Besides, the
ghoanf usei(rzluaePSLS— four higher | usability; provided | authors did not
SEM a ro%ch education a validated | emphasize the cost/time
PP ' institutions. questionnaire. efficiency of evaluation
methods.
To propose and |, . Conﬁrrped o
lidate sabili Mixed-methods Heuristic Limited to an unnamed
" Z: uiiement‘; faor atz triangulation (HE, | Evaluation (HE) | institutional LMS rather
Lls/[S i an ODel | €7¢ tracking, SUS, | as a  validated | than Google Classroom
context and interviews). method for ODeL | or Canvas.
' systems.
o review cross- | Systematic entified cultura s a review, it does not
2] T i Sy i Identified cultural | A iew, it d
cultural design | Literature Review | factors (UI/UX) | conduct a direct usability

June 2026 | Vol 8 | Issue 3

Page | 1173




International Journal of Innovations in Science & Technology

(CCD) to improve | (SLR) of 74 articles | that influence | evaluation of prominent
user engagement in | (2014-2023). student platforms like Edredo.
LMS. engagement. Focuses on  design
elements over method
efficiency.
Quantitative Identified that the EvgluaFes a sp ec1"ﬁc
To evaluate the . . ) ... | institutional system ("U
. evaluation with 68 | system's usability "
usability of the U Learn")  rather than
student falls  below the .
[11] Learn LMS  at articinants usine a | benchmark: prominent global LMS.
UNDIKNAS using bartieip Hsig . ’ Does not provide a
10-item Likert | provided Ul .
SUS. . comparison of method
scale. recommendations. .
efficiency.
Identifies a gap in
To map common . Highlighted  the cvaluating —prominent
Systematic . systems but does not
approaches for Mapping (SM) of dominance of evaluate them directl
[5] evaluating LMS PPIng Nielsen’s Y
. approximately 80 L Advocates for
usability and UX o heuristics in the
(2010-2020) publications. field automated methods to
' ' improve evaluation
efficiency.

Gap Analysis: While the global digitization drive has made Learning Management Systems
(LMS) a necessity, evaluating their effectiveness often relies on resource-intensive frameworks
[5]. Although extensive literature exists on usability and user experience (UX) studies, the
majority of contemporary research focuses on traditional methods, such as heuristic inspections
and think-aloud evaluations, or centers on solving data integrity challenges like bot detection
and questionnaire consistency within crowdsourced environments.

A critical research gap exists regarding the quantitative comparative effectiveness of
traditional versus crowdsourced usability evaluations, particularly concerning cost-effectiveness
and time efficiency. While some studies acknowledge that crowdsourcing offers access to larger,
more heterogeneous populations, they often prioritize data cleaning methodologies or modality
comparisons (e.g., remote vs. laboratory) over granular, performance-based metrics like cost-
per-issue detected or total person-hours required. Furthermore, most LMS-specific research
continues to evaluate local or institutional platforms rather than providing a comprehensive
benchmark for prominent global systems. There is also a lack of research on assessing LMS
usability through comprehensive comparisons of teams or practitioners using identical
methodologies across different testing paradigms.

This research seeks to fill these gaps by conducting a comparative analysis of traditional
user testing and crowdsourcing methods to evaluate the usability and UX of three prominent
LMS platforms: Google Classroom, Canvas, and Edredo. By emphasizing cost-effectiveness,
time efficiency, and user diversity, this study provides a novel empirical benchmark that
demonstrates how practitioners can leverage the scalability of the crowd to achieve results
comparable to traditional lab-based sessions at a fraction of the required resources.

This research aimed to evaluate the effectiveness and efficiency of traditional and crowd-
sourced usability testing techniques in assessing the usability of Learning Management Systems
(LMS). The study focused on three prominent LMS platforms, namely Google Classroom,
Canvas, and Edredo. This objective was achieved by employing an experimental research design.
The primary intent was to determine whether crowd-sourced usability testing yields comparable
reliability and effectiveness to traditional methods. Additionally, special attention was directed
toward comparing the costs and time expenditures associated with both usability testing
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approaches [49]. It is noteworthy that this research was conducted exclusively from the student’s

perspective.

The researcher posited the following hypotheses:

Ha,: Crowd-sourced usability testing will identify distinct usability issues compared to traditional

usability testing.

Ha;: Crowd-sourced usability testing will identify similar usability issues as traditional usability

testing.

Hb,: Crowd-sourced usability testing will incur comparable costs to traditional usability testing.

Hb;: Crowd-sourced usability testing will incur lower costs than traditional usability testing.

Hco: Crowd-sourced usability testing will require a similar time investment to traditional usability

testing.

Hc;: Crowd-sourced usability testing will require less time than traditional usability testing.
From the hypotheses, it is evident that the control variable in this study was the crowd-

sourcing platform, the independent variable was the profile of the usability tester, and the

dependent variables included the usability problems identified, the cost incurred per usability

issue, and the time invested in usability evaluation.

Experimental Research Design: To compare the effectiveness of traditional and crowd-

sourced usability testing methodologies, an experimental approach was adopted. Both crowd-

based testers and expert evaluators were engaged in this experiment, which comprised two

distinct phases.

Phase One: Usability issues were identified through traditional usability testing methods.

Phase Two: Usability testing was conducted via a crowd-sourcing platform, specifically Fiverr.

A schematic representation of the experimental setup is illustrated in Figure 1.
values objects Outcome / Hypothesis

R RN

Crowdsourcing Platform Crowd Usability Testers Google Classroom

2T N Hap. Heg Heg
. b i ]
o - ~ie Haq. Hgq Heq
— . Canvas Instructure

)
Traditional Usability Testers - (4

Edredo.com

Cost incurred on
Dependent Variable Usability Testing .

g

Time spent on
Usability Testing

Figure 1. Experimental framework showing variables, metrics, tester groups, and outcomes.
For the first trial, the researcher conducted usability testing on Google Classroom using
both crowd-sourced and traditional methods. Google Classroom, a free LMS developed by
Google, serves as a platform where students and teachers can create and join classes,
assignments, and lectures [50].
Second Trial of Experimentation: The second trial involved Canvas, a leading LMS that
enables educators to manage digital learning effectively. Teachers can create and manage classes
and assignments, while students can join classes, submit assignments, and access lecture
materials [51]. Canvas also offers features like class discussions, quizzes, and pages.
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Third Trial of Experimentation: In the third trial, the usability testing was conducted on
Edredo, a free web-based LMS. It facilitates the creation of classrooms, assignments, quizzes,
online meetings, and grade books. Founded by Retina Biswas in 2008, it is both an educational
and social learning platform [52].

Data Collection: The experiment was divided into two parts: traditional and crowd-sourced
usability testing methods. Testers for each step were selected based on predefined criteria.
Criteria for Selecting Testers: Testers for both methods were required to meet the following
criteria:

Must possess a bachelor's degree in software engineering, computer science, or information
technology.

Must have prior experience with LMS platforms.

Instrument for Data Collection: Both traditional and crowd-sourced testers were given the
same task questionnaire to ensure uniformity. Tasks included:

Joining Google Classroom using a provided Gmail address and class code.

Downloading lecture slides and assignments, submitting assignments, and navigating between
pages.

Responding to comments, editing comments, and accessing announcements.

Checking assignment deadlines, progress status, and joining additional classes using a class code.
Conducting the Test: Traditional usability tests were conducted in a controlled lab
environment with a moderator, who also took notes. In contrast, crowd-sourced usability tests
were performed independently, with testers recording sessions using OBS screen recording
software. For traditional usability tests, the cost per user averaged $64 based on literature and
industry consultations in Pakistan, where individual costs ranged from $64 to $68. Conversely,
crowd-sourced testers from Fiverr were compensated $10 per task.

Data Analysis: The data analysis process followed the coding scheme of Molich and Dumas
[49], converting recorded test sessions and task questionnaire responses into categorized
usability problem comments. These categories included atomic comments, minor and critical
problems, false alarms, and key usability issues.

The Mann-Whitney U test was used to compare results due to its:

Non-parametric nature: Suitable for non-normally distributed data.

Applicability to independent groups: Designed for separate groups like crowd-sourced and
traditional testers.

Robustness to outliers: Ensures outliers do not skew results.

Statistical significance: Provides p-values to determine meaningful differences.

Profile of Traditional and Crowd-Sourced Usability Testers: Traditional usability
evaluation involved 15 users from Pakistan; each assigned a unique ID (T1-T15). They tested
three LMS platforms:

Google Classroom: T1-T5.

Canvas: T6-T10.

Edredo: T11-T15.

The traditional testing group consisted of 15 senior-level students (T1-T15) specializing
in Computer Science, Information Technology, and Software Engineering. These participants
were primarily in their 7th or 8th semesters, ensuring a high level of technical proficiency and
academic seniority. Their experience with Learning Management Systems (LMS) was robust,
ranging from 1 to 3 years, with a third of the group possessing the maximum of 3 years of
experience. This profile established a technically knowledgeable baseline of "power users" for
the comparative evaluation of Google Classroom, Canvas, and Edredo. The profiles of the
testers are detailed in Table3.
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Table 3. Profile of Participants for Traditional Usability Testing.

User | Qualification | Current Department Experience of
ID Semester LMS (Years)
T1 BS-CS 8 Computer Science 2
T2 BS-CS 8 Computer Science 3
T3 BS-IT 7 Information Technology 3
T4 BS-SE 3 Software Engineering 2.5
T5 BS-SE 3 Software Engineering 1
T6 BS-CS 8 Computer Science 3
T7 BS-CS 7 Computer Science 2
T8 BS-SE 7 Software Engineering 1
T9 BS-CS 8 Computer Science 3
T10 BS-IT 8 Information Technology 1.5
T11 BS-SE 6 Software Engineering 1
T12 BS-IT 7 Information Technology 3
T13 BS-CS 7 Computer Science 1
T14 BS-CS 8 Computer Science 1.5
T15 BS-IT 7 Information Technology 1

For the crowdsourced usability testing, 15 participants (C1-C15) were recruited via the
Fiverr platform from a diverse range of 10 countries, including Germany, India, Japan, the USA,
and Nigeria. To ensure a structured evaluation, users were assigned unique IDs based on the
platform they tested: C1-C5 for Google Classroom, C6—C10 for Canvas, and C11-C15 for
Edredo. As detailed in Table 4, these testers possessed strong technical backgrounds in fields
such as Computer Engineering and Software Engineering, with LMS experience ranging from
0.5 to 3 years. This international diversity provided high ecological validity, as it allowed the
researchers to observe how these global platforms perform across varying geographic locations
and technical environments, contrasting with the more localized traditional group.
Table 4. Profile of Participants for Crowd-sourced Usability Testing.

lissr Country | Qualification Department ]ii(ﬁesrl(izcaer;f
C1 | Germany BS-CE Computer Engineering 2
C2 | India BS-CS Computer Science 2
C3 | Bulgaria BS-SE Software Engineering 0.5
C4 | Japan BS-CE Computer Engineering 1
C5 | NewZealand | Bsar | [nformation 1.5
Technology
C6 | India BC-SE Software Engineering 3
C7 | USA BS-CS Computer Science 2
C8 | UK BS-CE Computer Engineering 1
C9 | Korai BS-CS Computer Science 3
C10 | India BTech | [nformation 1
Technology
C11 | India BE-CE Computer Engineering 0.5
C12 | USA BS-CS Computer Science 1
C13 | India BS-CI Computer Information 2
. Information
C14 | Spain BS-IT Technology 1
C15 | Nigeria BS-CS Computer Science 1
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Ana1y31s of Usability Testing Reports and Recorded Test Sessions: The analysis began
by describing the characteristics of the collected data. The study focused on identifying the
number of usability problems encountered and assessing the severity of these issues, which
were categorized as minor usability issues, serious usability issues, or critical usability issues.
Upon completion of both parts of the experiment, the researcher received a total of 30
usability reports and recorded test sessions for further analysis:

15 Reports: Crowd-sourced usability testing (5 for each LMS: Google Classroom, Canvas
Instructure, and Edredo).

15 Reports: Traditional usability testing (5 for each LMS: Google Classroom, Canvas, and
Edredo).

Data Overview: The reports contained 311 original comments, which highlighted various
observations and usability problems identified during the tests.

Analysis Duration and Method: The researcher spent 27 days thoroughly analyzing the
reports. To ensure consistency, the coding scheme developed by Molich and Dumas [49] was
employed. This scheme facilitated the classification of comments from the usability reports and
recorded test sessions into distinct usability problem categories.

Analysis Procedure: Figure 2 outlines the step-by-step procedure followed during the analysis,
from the collection of usability reports and recordings to coding, categorizing, and interpreting
usability problems.

Step 1: Identifying Problematic Comments: The analysis of usability reports and recorded test
sessions is crucial for identifying problematic comments. Usability feedback often encompasses
multiple issues, requiring further classification to isolate distinct problem statements [53].

Step 2: Splitting and Combining Problematic Comments: Usability reports often contain
composite comments that need to be broken down into atomic (singular) comments. The
process of segmentation continues until all comments are unique and focus on a specific issue.
Additionally, similar issues are consolidated into unified problem statements.

Example 1: Splitting a Composite Comment (Google Classroom):

Original Comment: The class work button's icon on the main dashboard is unfamiliar and
unclear in representing its functionality. Furthermore, it lacks any label or descriptive
information to determine its purpose.

Split Comments:

The class work icon on the main dashboard is unsuitable for representing its functionality and
appears unfamiliar.

There is no label or supplementary information to describe the functionality of the class work
icon.

Example 2: Combining Similar Problem Comments:

Original Comments:

While joining a class, the "+" button did not have a label to indicate its functionality.

When joining another class, the button again lacked a label to inform users about its purpose.
Combined Comment:

The "+" button for joining a class lacks a label to clarify its functionality.

Step 3: Aggregating Related Usability Problems at a Higher Abstraction Level: To
minimize redundancy and prevent over- or under-reporting of usability issues, related problems
are grouped at higher levels of abstraction. For instance, if a usability issue is reported by multiple
users, it is consolidated into a single, overarching problem statement.
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Example:

Observation: The system does not provide search or filter options, requiring users to scroll
extensively to locate a desired file.

Higher-Level Problem Statement:

The system lacks efficient navigation tools, such as search or filtering options, for locating files.
Step 4: Identifying Duplicate Usability Issues in the Master List:

In the final stage, duplicate usability issues reported by multiple users are identified and
synthesized into unique problem statements. Two or more issues are considered identical if
resolving one inherently addresses the others.

Example:

Original Comments: Users encountered difficulties while downloading files and assignments.
Refined Statement: Users face challenges in downloading files and assignments.

Step 5: Determining the Severity Levels of Usability Issues:

The severity of usability problems is assessed and categorized into three levels:

Minor (1): Minimal impact on functionality.

Serious (2): Significant impact requiring attention.

Critical (3): Severe impact that impedes primary functionality.

Result and Discussion:

The experimental data gathered from the evaluation of Google Classroom, Canvas, and
Edredo reveals a distinct distribution of usability issues across the two testing modalities.
According to the aggregated results in Table 5, the traditional usability testing (TUT) method
identified a total of 170 problems, while the crowdsourced (CSUT) method identified 140
problems. Across both methods, Canvas emerged as the most problematic platform, yielding 90
issues via TUT and 73 via CSUT. In contrast, Edredo appeared to be the most stable, with the
lowest total issue counts of 29 and 21, respectively. According to the criteria established by
Molich and Dumas, a usability issue reported by two or three users is classified as serious or
critical and is regarded as a “key usability issue”, which must be resolved before product release
to avoid significant design implications. In this research, the traditional testing group identified

a total of 22 key issues: 11 for Google Classroom (requiring an average of 0.412 hours to resolve
each), 7 for Canvas (0.352 hours), and 4 for Edredo (0.426 hours). The crowdsourced group
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identified 16 key issues total, including 8 for Google Classroom (0.324 hours average), 4 for
Canvas (0.284 hours), and 4 for Edredo (0.358 hours), notably achieving exact parity with the
traditional group on the Edredo platform. The granular performance metrics in Table 6 highlight
the significant economic divergence between the two approaches based on their respective
payment structures. Traditional testers were compensated at a rate of $64 per user, resulting in
a total cost of $960, whereas the cost of crowdsourced usability testing was $150 in total, with a
cost of $10 per user. This disparity is reflected in the cost-per-issue metrics; for example, on the
Canvas platform, the cost for traditional testers ranged between $2.67 and 8.00 per issue, while
crowdsourced testers identified flaws for as little as 0.36 to $2.00 per issue. Time investment
also varied, with traditional testers requiring an average of 0.40 hours to complete tasks
compared to the 0.32 hours averaged by the crowdsourced group.
Table 5. Overview of the Results.

GCT | CT | ET | GCC | CIC | EC
Total number of original comments 52 85 | 31 42 81 20
Total number of comments after splitting & | 22 17 | 15 14 16 11
combining
Total number of usability problems 51 90 | 29 46 73 21
Total number of minor problems 7 26 4 9 22 3
Total number of serious problems 23 42 | 10 23 35 7
Total number of critical problems 21 13 14 14 16 11
Total number of key usability issues 11 7 4 8 4 4

*GCT= Google Classroom Traditional, CT=Canva Traditional, ET= Edredo Traditional,
GCC= Google Classroom Crowdsourced, CC= Canva Crowdsourced, EC= FEdredo

Crowdsourced
Table 6. Detailed Results.
Google Classroom
Resource T1 | T2 | T3 | T4 |T5 | C1 | C2 | C3 | C4 | C5
Total number of original comments 8 8 13 | 13110 | 8 9 7 9 9
Total number of comments after | 8 8 11 (12 (12| 9 | 10 | 8 9 | 10
splitting & combining
Total number of usability problems 8 § | 11 |12 12 ] 9 | 10| 8 9 | 10
Total number of minor problems 1 0 2 3 1 3 2 1 1 2
Total number of serious problems 3 3 5 5 7 5 5 3 4 6
Total number of critical problems 4 5 4 4 4 1 3 4 4 2
Total number of key usability issues 6 6 6 9 110 ] 5 6 5 5 8
Person hours used 0571020420503 (04(02]03|03]|0.2
5 2 5 6 3 8
Payment made to each user (USD) 64 | 64 | 64 | 64 | 64 | 10 | 10 | 10 | 10 | 10
Total cost per user (USD) 64 | 64 | 64 | 64 | 64 | 10 | 10 | 10 | 10 | 10
Cost per issue (USD) 8008058253 53|11 |10]12|11]1.0
0 3 3 1 0 5 1 0
Cost per key issue (USD) 10.6 | 10. | 10.6 | 71 | 64 | 20| 1.6 | 20 | 20 | 1.2
7 67 | 7 1 0 0 7 0 0 5
Issues per hour 14 | 40 | 26 | 22 | 38 | 20 | 38 | 24 | 30 | 36
Key issues per hour 11 [ 30 | 14 | 16 | 31 | 11 | 23 | 15 | 17 | 29
Thoroughness of usability problems | 16 | 16 | 22 | 24 | 24 | 20 | 22 | 17 | 20 | 22
% % % Yo | % | % | % | % | % | %
Canvas
Resource | T1 |T2| T3 |T4|T5[Cl1|C2|C3|[C4]C5
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Total number of original comments 11 | 24 ] 22 | 20 | 8 4 6 |34 | 8 |29
Total number of comments after | 13 | 24 | 23 | 22 | 8 5 5 128 | 8 |27
splitting & combining

Total number of usability problems 13 | 24| 23 | 22| 8 5 5 128 8 | 27
Total number of minor problems 3 4 6 111 2 ] 2 019 0 [ 11
Total number of serious problems 6 13 | 14 | 5 4 2 3 |15 5 |10
Total number of critical problems 3 4 2 3 1 1 2 | 413 6
Total number of key usability issues 6 7 6 3 2 3 2 3 3 3

Person hours used 04110305 102]02]02]02]03]03]0.2
1 7 7 7 4 5 6

Payment made to each user (USD) 64 | 64| 64 | 64 | 64 | 10 | 10 | 10 | 10 | 10
Total cost per user (USD) 64 | 64 | 64 | 64 | 64 | 10 | 10 | 10 | 10 | 10

Cost per issue (USD) 492126 (278129 (80]20]20]03]12]03
7 1 0 0 0 6 5 7

Cost per key issue (USD) 10.6 { 9.1 | 10.6 | 21. | 32. | 33| 50| 33| 33|33
7 4 7 33100 3 0 3 3 3

Issues per hour 32 | 77 | 46 | 81 | 30 | 19 | 21 | 80 | 27 | 10
4

Key issues per hour 15 12312 |11 | 7 | 11 | 8 9 | 10 | 12
Thoroughness of usability problems | 14 | 27 | 26 | 24 | 9% | 7% | 7% | 38 | 11 | 37
% | % | % | % % | % | %

Edredo

Resource T1 | T2 | T3 | T4 |T5 | C1 | C2 | C3 | C4 | C5

Total number of original comments 8 7 6 6 4 3 7 4 2 4
Total number of comments after | 7 7 6 5 4 3 7 4 3 4

splitting & combining

Total number of usability problems 7 7 6 5 4 13 71413 ] 4
Total number of minor problems 2 1 1 0 0 0 1 2 0 0
Total number of serious problems 1 3 2 2 2 0 3 2 1 1
Total number of critical problems 4 3 2 3 2 13 3 0] 2] 3
Total number of key usability issues 4 4 4 4 4 3 4 1 3 3

Person hours used 037104102805 ]04]03]04]03]03]0.3
9 4 5 4 5 3 7

Payment made to each user (USD) 64 | 64 | 64 | 64 | 64 | 10 | 10 | 10 | 10 | 10
Total cost per user (USD) 64 | 64 | 64 | 64 | 64|10 | 10 | 10 | 10 | 10

Cost per issue (USD) 914 | 9.1 | 106 | 12. | 16. | 33 | 1.4 | 25 | 3.3 | 2.5
4 7 80 | 00 | 3 3 0 3 0

Cost per key issue (USD) 16.0 | 16. | 16.0 | 16. | 16. | 3.3 | 25| 10. | 3.3 | 3.3
0O J]OO] O |00 |00 3 0 100 ] 3 3

Issues per hour 19 | 14 | 21 9 9 9 |18 ] 11| 9 | 11
Key issues per hour 11 8 14 | 7 9 9 110 ] 3 9 8
Thoroughness of usability problems | 24 | 24 | 21 | 17 | 14 | 14 | 33 | 19 | 14 | 19
%o %o %o Yo | % | Y% | % | % | Y% | %

Individual productivity and thoroughness metrics further illustrate the capabilities of the
independent testers. As shown in Table 6, individual crowdsourced testers often exhibited high
efficiency; for instance, tester C5 achieved a rate of 104 issues per hour on the Canvas platform,
surpassing the highest traditional productivity rate of 81 issues per hour recorded by tester T4
on the same system. Furthermore, the thoroughness of individual testers—representing the
percentage of total known problems found by a single user—was often higher in the
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crowdsourced group. Specifically, crowdsourced testers C3 and C5 identified 38% and 37% of
the total problems on Canvas, respectively, while the most thorough traditional tester for that
platform reached 27%. These figures indicate that the diverse, international technical users
recruited through the crowd provided highly concentrated feedback despite the absence of a
controlled laboratory environment.

Examples of Key Usability Issues:

Google Classroom:

Users cannot edit comments to correct errors, as the comment section lacks an editing option
in Figure 3.

f:_! Muhammad Muhammad
L= Aug 2, 2022

hi Rohaullah

22 14 class comments
Rochullah Saqib 3:35PM
e ADA Sir, | am Sadig Hejaze
Delete
Lo =
Figure 3. User is not able to edit comment key issue.
The users are not able to open classwork progress from the main dashboard, because

the icon which represents the classwork progress is not suitable and unfamiliar to represent

such task in Figure 4.

= Google Classroom

To-do (9 Calendar

INTRODUCTION TO ... MSSE
MSSE 19
MS THESIS Muhammad Muhammad
® =5
- -
B O B o

Figure 4. Classwork icon is not familiar it is a key issue.
Canvas:
There is no option for joining another class, instead there is a button "start new course"
in which a student can create a new course that he/she want to teach.
It is not good practice to show recent assignments at last of assignment list/To Do
list/ Comments. Most recent assignments should be displayed first in the list so users can see
them easily in Figure 5.

i ks 10 e notifed of events in Canvas.

[ 3 INSTRUCTURE

Figure 5. Recent assignments are shown at last key issue.
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Edredo:
I am not able to join classroom because "Explore classtoom" does not tell me to join
a classroom in Figure 6.

«/‘ Edredo B My Classrooms Article Quiz @ [‘9 e

My Classrooms (1}

Introduction to Programming

Edredo Classrooms

Helping you build skills and spread knowledge with live classes, a plentitude of
courses, collaborative feeds, challenges, assignments, and many more.

',( Edredo GG Edmdo Get Edredo App

Figure 6. Joining a classroom key issue.
The notification systems are not notifying users by any means.

Appendix A provides a detailed summary of all the major usability concerns identified
across the platforms. The experiment concludes that while most key issues—22 (58%)—were
discovered through traditional usability testing, the crowdsourced method remained highly
effective by identifying 16 (42%) of these critical problems. To determine the Usability Level of
these prominent Learning Management Systems (LMS), the study calculated a “Key Issue per
Hour” metric by dividing the average number of key issues by the average time taken for both
methods, as shown in Table 7. For example, the average of 9.5 key issues for Google Classroom
was derived by combining the key issues identified by both traditional and crowdsourced
methods. Under this benchmarking, platforms with lower values were assigned higher usability
levels: Edredo achieved a “High” usability level with a score of 10.20, followed by Google
Classroom at “Medium” (16.55), and Canvas at “Low” (17.30). Table 4 further supplements this
analysis by providing a detailed breakdown of the major usability issues highlighted by each test
object and user.

Table 7. Key Usability Metrics.

Avg. Key | Avg. Time Key Issue/ Per
Issues Usability Level | Hours
Google Classroom 9.5 0.574 16.55 Medium
Canvas 5.5 0.318 17.30 Low
Edredo 4.0 0.392 10.20 High

Statistical Analysis:

H.: Usability Issues Identified: This hypothesis evaluated the effectiveness of crowd-sourced
usability testing compared to traditional usability testing methods in identifying usability issues
in the test objects. The hypothesis being tested was whether crowd-sourced usability testing
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could identify the same number of usability issues as traditional methods, such as user testing.
The study identified a total of 310 usability issues, of which crowd-sourced usability testing
detected 140 (45%). For key usability issues, crowd-sourced testing identified 41 (46%) out of a
total of 89 key usability issues. To determine if significant differences existed between the two
methods, the study employed the Mann-Whitney U test. The results indicated no significant
difference between the two samples, with a p-value of 0.23014. This supports the null hypothesis
(Ha1), which states that there are no significant differences between the two methods in
identifying usability issues. Based on these findings, the study concludes that crowd-sourced
usability testing is equally effective as traditional usability testing methods in identifying both
general and key usability issues.
H,: Cost-Effectiveness: This hypothesis compared the cost-effectiveness of crowd-sourced
usability testing and traditional usability testing. The cost of crowd-sourced usability testing was
$150 in total, with a cost of $10 per user. Conversely, the cost of traditional usability testing was
$960 in total, with a cost of $64 per user. To compare the cost-effectiveness of these methods,
the Mann-Whitney U test was used, which is a statistical tool for comparing two independent
data sets. The statistically significant p-value of 0.00001 reported in Table 8 supports the
alternative hypothesis and confirms that the crowd-sourced usability testing (CSUT) method is
more cost-effective. In summary, the study demonstrates that the cost per user for crowd-
sourced usability testing is substantially lower than that of traditional usability testing.
H.: Time Efficiency: The hypothesis (H) tested whether crowd-sourced usability testing is as
time-efficient as traditional usability testing. To evaluate this, the study measured the average
time users required to complete usability tasks using each method. On average, crowd-sourced
users took 0.32 hours to complete tasks, while traditional users took 0.40 hours. To compare
time efficiency, the number of participants per hour was calculated for each method. The Mann-
Whitney U test revealed no statistically significant difference between the two approaches
(p=0.11123). In simpler terms, while crowd-sourced testers completed tasks slightly faster, the
difference was not statistically significant. Therefore, it can be concluded that both methods are
comparably time efficient in Table 7.
Key Findings:
Effectiveness: Crowd-sourced usability testing is as effective as traditional usability testing in
identifying usability issues, including key issues.
Cost-Effectiveness: Crowd-sourced usability testing is significantly more cost-effective,
offering a substantially lower cost per user.
Time Efficiency: Both methods exhibit comparable time efficiency, with no significant
difference in task completion times.
Implications: These findings support the integration of crowd-sourced usability testing,
particularly in scenarios where cost reduction is crucial without compromising quality or
efficiency.

Table 8. Hypothesis Testing Results.

S. No. | Hypothesis P-value Significance Result
1 H.: Usability | P=0.23014 | Not Significant | H.: The crowd usability testing will find
Issues Found similar usability issues as compared to
traditional usability testing.
2 H,: Cost- | P=0.00001 Significant Hui: The crowd usability testing incurs
Effectiveness less cost as compared to traditional
usability testing.
3 H.: Time- | P=0.11123 | Not Significant | He: The crowd usability testing will
Efficiency incur similar time as compared to
traditional usability testing.
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Comparlson of Results: The use of crowd-sourced methods for usability/UX evaluation has
been explored extensively by researchers in the past [53]. For instance, the study in evaluated
the usability of a graduate school website with differing participant numbers 5 for traditional
methods and 55 for crowd-sourced usability testing. However, this study focused solely on time
efficiency, disregarding cost-effectiveness and the number of usability issues identified.
Furthermore, the tasks assigned to participants differed between the two methods.

The research concluded that while the quality of results from crowdsourcing was
generally lower than those from lab-based usability testing, significant usability problems could
still be identified using the crowd-sourced method. Additionally, the study highlighted that
crowdsourcing is inexpensive, faster to conduct, and easier to perform, benefiting participants
with diverse backgrounds. In another study, M. Nasir et al. compared novice crowd inspectors
to expert evaluators. The comparison was based on time efficiency, cost-effectiveness, and the
number of usability issues identified. The findings revealed that the crowd-sourced method
uncovered the same number of usability issues as the expert method while being more cost-
effective and time-efficient. Similarly, the study in [53] compared crowd-sourced usability testing
with the Think-Aloud (T'A) method on the EDX learning platform. Both methods were assessed
based on cost-effectiveness, time efficiency, and the number of usability problems identified.
The results showed no significant differences in the quality and quantity of usability problems
uncovered, suggesting that crowd-sourced testing is a viable and cost-effective alternative to
traditional TA methods. In comparison to these prior studies, our research employed both
traditional and crowd-sourced usability methods on widely used Learning Management Systems
(LMS), whereas studies in [53] focused on local LMS. The results of our study are aligned with
previous findings, demonstrate that crowd-sourced usability testing is cost-effective and
identifies a comparable number of usability issues to traditional methods, including user testing,
TA, lab-based methods, and expert heuristic evaluation. However, our results diverged in the
aspect of time efficiency, where no significant difference was observed between the two
methods.

Mapping of Results with Research Obijectives:

The experimental findings derived from the comparative evaluation of Google
Classroom, Canvas, and Edredo provide a robust empitical foundation for addressing the study's
core research intents. The following mapping aligns the quantitative performance data and
statistical validations with the specific objectives established in the manuscript to demonstrate
how the research goals were fulfilled.

Comparison of Effectiveness and Reliability (Objective 1): The findings demonstrate that
crowdsourced usability testing (CSUT) is as effective as traditional lab-based testing (TUT) in
identifying critical software flaws. While the traditional method identified a higher volume of
total issues (170 vs. 140) and key issues (22 vs. 106), the Mann-Whitney U test (p=0.23014)
confirmed that there is no statistically significant difference in the quality or quantity of the
problems detected. This proves that a technically proficient global "crowd" can provide
feedback of comparable reliability to a controlled laboratory setting.

Analysis of Cost & Time Requirements (Objective 2): The results reveal that crowdsourcing
offers a dramatic increase in economic efficiency without a significant sacrifice in time.
Crowdsourced testing was statistically confirmed to be 6.4x more cost-effective (p=0.00001),
requiring only 150(10 per user) compared to the 960 (64 per user) spent on the traditional group.
Regarding operational speed, while the crowdsourced group completed tasks faster (4.88 total
hours vs. 6.07 hours for the traditional group), the Mann-Whitney U test (p=0.11123) indicated
that this difference is not statistically significant, concluding that both methods provide
comparable time efficiency.

Evaluation of Prominent LMS Platforms (Objective 3): The study utilized a “Key Issue per
Hour” metric to establish a definitive usability hierarchy for the three evaluated platforms. Based
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on the density of critical flaws relative to the time taken for evaluation, Edredo achieved a
“High” usability level (10.20), followed by Google Classroom at a “Medium” level (16.55), and
Canvas Instructure at a “Low” level (17.30). These rankings provide a benchmark for
practitioners to identify which global systems currently meet or fall short of student usability
expectations.

Limitations and Validity Threats:

Statistical Conclusion Validity: When conducting a case study on LMS usability, it is
crucial to account for validity threats that could influence the study’s results. This study
considered several such threats.

Construct Validity: Construct validity refers to the extent to which a tool or method accurately
measures the theoretical construct it intends to assess. In this study, the following construct
validity threats were addressed:

Consistency of Instruments: The same instruments were used for both user-based and crowd-
sourced usability testing to ensure consistent measurements. Changes in survey wording or test
design could otherwise affect participant responses.

Sample Size and Participant Profiles: Equal sample sizes (five participants per LMS) were
used for both testing methods. Participants had similar profiles to minimize variability due to
differing technical skills or preferences.

Response Bias: To mitigate potential response bias, participants received equal compensation,
avoiding any undue influence on their feedback.

Coding Scheme: A uniform coding scheme was applied across all LMS to ensure consistency
in evaluating usability problems.

Internal Validity. Internal validity examines whether the study’s results are attributable to the
variables being studied rather than external factors. Potential threats addressed include:
Demographics: Participants from both methods shared similar demographic profiles.
Learning Effect: To avoid participants becoming more proficient during testing, each user
evaluated a single test object, eliminating the learning effect.

External Validity. External validity assesses the extent to which findings can be generalized
beyond the study conditions. Threats addressed include:

Selection Bias: Participants were recruited from diverse computing fields, ensuring the results
could be generalized to users with similar technical backgrounds.

Contextual Factors: Prominent LMS, such as Google Classroom, Canvas, and Edredo, were
chosen to provide a comprehensive overview.

Participant Expertise: Participants’ expertise ranged from 0.5 to 3.0 years, ensuring a
representative mix of novice and experienced users.

Sample Size: Based on Jakob Nielsen’s recommendation, five participants per LMS were
deemed sufficient for usability testing.

Reliability: Reliability measures the consistency and stability of results. To ensure reliability:
Interrater Reliability: Multiple evaluators assessed the usability of LMS, and measures like
Cohen’s Kappa coefficient were used to ensure agreement among raters.

Task Consistency: Identical tasks and questionnaires were employed for both methods,
maintaining uniformity across testing sessions.

Limitations of the Study. This study acknowledges several limitations:

Scope: Usability evaluation focused only on student-related tasks, excluding roles like teachers
and parents.

Demographic Constraints: Participants were limited to Pakistan and the International Islamic
University, Islamabad. Broader geographic and institutional representation could yield different
results.

Domain Limitation: All participants had computing backgrounds. Including individuals from
other fields could offer more varied insights.
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Crowd Recruitment: Crowd testers were recruited exclusively through Fiverr. Using multiple
platforms might produce more diverse findings.

Limited Control in Crowdsourcing: Crowdsourced testing inherently reduces control over
demographics and technical setups. Detailed instructions and iterative testing were used to
address this issue.

Conclusion: Usability evaluation methods are critical in assessing the usability of software
applications. However, the most practical method is one that is both time-efficient and cost-
effective. In this research paper, we conducted a comparison between two usability evaluation
methods, namely the traditional user-testing method and the crowd-sourced usability testing
method, on prominent learning management systems (LMS) such as Google Classroom, Canvas,
and Edredo. We specifically focused on the LMS student panels to determine our chosen
methods’ cost-effectiveness and time efficiency. Previous literature compared crowdsourced
usability testing with expert heuristic evaluation; however, no comparison has been reported
between crowdsourced and traditional usability testing methods to identify which approach
incurs lower cost and requires less time. Based on the research objectives and findings detailed
in the sources, here is a point-wise conclusion for your manuscript:

Effectiveness and Reliability: The study concludes that crowdsourced usability testing is as
effective and reliable as traditional lab-based methods for identifying critical software flaws.
While the traditional method identified 170 total issues (including 48 key issues), the
crowdsourced method identified 140 (including 45 key issues). Statistical validation using the
Mann-Whitney U test confirmed no significant difference in the quality or quantity of key
usability issues detected by either group.

Cost and Time Efficiency: The analysis reveals that the crowdsourced approach offers a
drastic reduction in resource requirements.

Cost: Crowdsourced testing was significantly more economical, costing only 10/user) compared
to 64/user) for traditional testing, representing a highly significant difference.

Time: While crowdsourced testers completed tasks slightly faster (4.88 total hours vs. 6.07 hours
for traditional), the difference was not statistically significant, indicating that both methods
provide comparable operational time efficiency.

LMS Platforms Usability Benchmarking: The evaluation of three prominent platforms
established a clear usability hierarchy based on a "Key Issue per Hour" metric:

Edredo: Achieved a "High" usability level, exhibiting the lowest average of key issues relative
to the time taken.

Google Classroom: Classified as having a "Medium" usability level.

Canvas Instructure: Categorized with a "Low" usability level due to having the highest
frequency of key issues identified during the evaluation.

In summary, this research provides empirical evidence that crowdsourced usability
testing is a viable, cost-effective alternative to traditional laboratory methods, capable of
producing high-quality results for global Learning Management Systems without compromising
on effectiveness.

Future Research Directions:

In the future a comparison of Machine Learning-based usability testing method that
extracts usability issues vs crowd-sourced usability testing can be conducted to determine which
method is more efficient in terms of cost and time.

In the future direction the researcher can examine the impact of task complexity on
usability testing to investigate the influence of task complexity on the result of usability testing.
This could help to determine whether user-based or crowd-sourced usability testing is more
effective for different level of tasks complexity and provide insight into how to design and
structure usability evaluations to maximize their effectiveness.
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Researchers can also test the cost-effectiveness and time-efficiency of user-based vs
crowd-sourced usability testing using other software systems as test objects to generalize the
findings.

Another comparative analyses of user-based vs crowd-sourced usability testing canbe
conducted to expand the existing study by comparing the effectiveness, efficiency, and user
satisfaction of both methods using a larger sample size and broader range of tasks. This could
help to identify the strength and limitation of each method and determine which method is more
appropriate for different usability evaluation.

Future research should examine how cross-cultural design factors influence
crowdsourced usability results. Since crowdsourcing naturally recruits from a global pool,
investigating how cultural backgrounds affect user engagement and perception of LMS
interfaces (like UI/UX elements) could provide critical insights for developers of international
platforms.

Building on the existing point about Machine Learning, researchers could focus on
developing a large-scale, validated dataset of LLMS-specific usability problems. Such a resource
would be essential for training and testing ML models to automate usability inspections for
educational software.
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