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ABSTRACT

The rapid advancements in Internet and World Wide Web (WWW) technologies have significantly
transformed human life, facilitating collective intelligence activities that leverage the wisdom of crowds. This
paper explores the development of a crowdsourcing platform designed to enhance educational assessment tools
in Malaysia. The platform, grounded in the principles of collective intelligence, enables Malaysian teachers to
create, share, and manage assessment instruments collaboratively. The study employs the System
Development Life Cycle (SDLC) model to guide the platform's development, encompassing phases from
requirements analysis to implementation and maintenance. A focus group of schoolteachers provided insights
into the current processes of assessment instrument preparation, revealing challenges in sharing and
collaboration. The developed platform addresses these challenges by offering a controlled environment where
teachers can access, create, edit, and share test questions, thus fostering a culture of knowledge exchange. The
platform's design and functionality were refined based on feedback from focus groups and expert evaluations,
ensuring its effectiveness and user-friendliness. Testing phases, including alpha, beta, and user acceptance
testing, were conducted to ensure the platform's reliability and functionality. The launch phase involved
promoting the platform and gathering user feedback for continuous improvement. The platform's
implementation aims to empower educators, improve the quality of school assessments, and encourage the
widespread adoption of crowdsourcing in educational contexts. This paper provides a comprehensive overview
of the platform's development process, offering valuable insights and guidance for future crowdsourcing
initiatives. The platform's success is anticipated to contribute to the broader adoption of collective intelligence
in educational settings, enhancing the quality and accessibility of educational resources in Malaysia.
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INTRODUCTION

The rapid technological changes that have occurred over the past decade have made it easier for most people to
accept and adapt to new computer devices and software such as Internet technology, the World Wide Web
(WWW), and mobile technology. This development has made Internet and World Wide Web access an
essential necessity in our daily life. The high acceptance, especially among netizens (network citizens), is
further accelerating the growth of Internet technology in a more dynamic and rapid manner (Hauben, 2019).
The impact of this technological advancement has transformed human life in their daily routines.

The rapid progress of Internet and WWW technologies has augmented the capacity for collective intelligence
operations that were once conducted conventionally among online users. (D. K. Gupta & Sharma, 2013).
Collective intelligence is a method of producing better decisions or activities by using the wisdom obtained
collectively from the crowd, also referred to as the wisdom of the crowd by Surowiecki (2004). "Crowd"
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means "a group of people who are gathered together." Crowds in the context of this study refer to "a group of
people (crowd) that is structured independently and voluntarily based on shared goals, emotions, or
experiences" (Prpi¢, Shukla, Kietzmann, & McCarthy, 2015).

The concept of crowd wisdom believes that the highest intelligence is the intelligence that results from the
combination of the intelligence of the crowd (the crowd) to solve a problem. (Surowiecki, 2004). This concept
has been elaborated by Malone, Laubacher, and Dellarocas (2009), who emphasize that the use of Internet and
WWW technology can be utilized to gather the intelligence of the crowd, forming an audience that can
contribute to the form of ideas (intelligence) individually. The ideas that are proposed will be collected,
managed, and combined to form a single idea together. The idea that is formed because of the initial spark of
an individual idea, combined into a good idea and accepted by the audience, creates what is known as
"collective intelligence." (Malone et al., 2009). Furthermore, advancement of cloud computing technology can
be used for education management with dynamic scalability and as a service providing utilization of
virtualized resources over the Internet (A. Gupta et al., 2023)

(Thavi, Jhaveri, Narwane, Gardas, & Jafari Navimipour, 2024)

Arshad, Salleh, Jenom, Aris & Mastuki (2014) and Mansor, Halim & Ahmad(2018) noted that crowdsourcing
in Malaysia is at its growing stage and is not fully leveraged by Malaysian. The Malaysian government has
advocated for this project via programs such as Digital Malaysia; nonetheless, the focus has predominantly
been on its commercial uses (Zakariah, Janom, Arshad, Salleh, & Aris, 2014). Over the past five years, the use
of crowdsourced initiatives has gained prominence in Malaysia (Mansor, et al., 2018). Malaysia has several
advantages for utilizing crowd resources, including a strong Internet network infrastructure and a significant
multilingual workforce (Hassan, Aris, Arshad, Janom, & Salleh, 2017).

One of the advantages that can be exploited from the concept of crowdsourcing is by providing a large
repository of questions that can be used by teachers in Malaysia. It can be done by creating a controlled
platform that is accessible to all registered teachers in Malaysia. The platform provides a platform for sharing
assessment instruments (test papers and examinations) by teachers who are the audience of this platform, based
on the concept of crowd-sourced resources for free. The developed platform will facilitate teachers in creating,
editing, reusing, storing, sharing, and responding to assessment questions collected in the krumun.org
database. This platform also aims to raise awareness and foster a culture of collectively sharing information
and knowledge to improve the quality of school assessment instruments in Malaysia. This paper will discuss
the development process of this platform in detail and is hoped to serve as a guide for other crowd platform
developers in the future.

LITERATURE REVIEW

Generally, there are three main components in crowdsourcing, namely (i) the audience (crowd), (ii) the
initiator, and (iii) the process. To ensure the success of the developed crowd-sourcing initiative, it is necessary
to specify the type of audience composition, who the members of the audience are, the diversity of the
audience, and the skills possessed by the audience. Clear objectives are also necessary to ensure that crowd
sources receive attention (Howe, 2009). Brabham (2013) states that there are many applications that can be
developed based on crowd sourcing to carry out tasks that previously seemed difficult and complicated if
entrusted to individuals or a group of workers within an organization.

The main objective of the crowdsourcing initiative is to enable the audience to complete tasks through an open
call (Howe, 2009). The crowdsourcing platform uses Internet technology, and the results of the tasks will form
a type of intelligence called collective intelligence (Malone et al., 2009). This intelligence can benefit the
interested parties. Intelligence or knowledge that has been generated for specific purposes such as creating
innovations, solving organizational problems, and triggering product innovations (Nasution et al., 2023).
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Although it has been practiced in the world of business and innovation, Crowdsourcing initiatives are an
ongoing process and are not entirely "completed" in a traditional sense. Instead, their effectiveness and
completion depend on the specific goals and objectives they aim to achieve (Karachiwalla & Pinkow, 2021).
Many organizations continue to use crowdsourcing as a flexible and scalable solution to address various needs,
such as problem-solving, innovation, and data collection (Johnson & Liew, 2020).

The progression of cloud computing and its integration into education has been extensively discussed by the
educational community in various workshops and seminars, such as the Cloud-based Smart Technologies for
Open Education Workshop (CSTOE 2022) and the Illia O. Teplytskyi Workshop on Computer Simulation in
Education (CoSinE 2022) in Kiev, Ukraine (Papadakis et al., 2023), as well as in research reports by
Brusilovsky et al. (2023), Rashid, Munawar, & Naveed (2024), and Badshah et al. (2023). Cloud computing
technology has been recognized as a facilitator of crowdsourcing initiatives (Shen et al., 2023).

To promote the utilization of crowdsourcing, the development of additional crowdsourcing platforms is
necessary. How might optimal platform design facilitate the effective operation of crowd-sourcing initiatives?
Brabham (2009) delineates crowdsourcing as a process comprising four principal steps: (i) identifying the
problem or task to be addressed; (ii) disseminating an open invitation via a website (either proprietary or
utilizing a third-party platform); (iii) collecting responses from the crowd; and (iv) assessing and selecting the
optimal solution.

This idea has been extended by Muhdi, at el. (2011) by incorporating two processes before and after the four
processes proposed by Bhabham (2009). The process involved is that the initiator needs to determine whether
the crowd-sourcing initiative is suitable for solving the problem or carrying out the existing task — known as
pre-crowdsourcing. The second added process is the process after the fourth process proposed by Bhabham
(2009), where after the evaluation is done, the proposed idea or solution will be implemented/absorbed into the
organization — used for the organization's operational purposes. In summary, the resource reconciliation
process is as shown in Table 1.

Table 1: Crowdsourcing Process (Brabham, 2009; Muhdi et al., 2011)

Proses Activities

1. Decision for crowd sources Deciding whether to use crowd-sourcing initiatives or not based on
alternative considerations such as using internal resources, using external
resources, or using crowd-sourcing resources (Afuah & Tucci, 2012;
Ranade & Varshney, 2012)

2. Identifying Tasks This stage will determine the type of platform to be used, whether to use
a self-developed platform or a third-party platform (Brabham, 2009).

3. Making an Open Call It was decided what type of data is needed to complete the provided
reward form assignment, the expected work template, and the required
solution format.

The type of audience is also determined whether it consists of a specific
group or can include anyone who wants to help.

Rules and ethics in implementing this initiative are also communicated
at this stage (Zhao & Zhu, 2014).
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4. Getting a Response The audience will respond in the form of ideas and solutions, either
individually or through inter-collaboration, by providing -critiques,
discussions, and votes in the process of generating what they consider
the best solution (Nakatsu, Grossman, & Iacovou, 2014).

5. Making an Assessment The initiator will evaluate, analyze, and select the available solutions by
considering the criticisms, suggestions, votes, and assessments made on
the provided solutions. The selected idea will be considered the winner
and will be announced to the audience. (Malone et al., 2009).

6. Using solutions generated by | The chosen solution will be used as part of the elements to carry out the
the audience in organizational | organization's operations in achieving its goals. (Muhdi et al., 2011).
operation

After it was decided that the crowd-sourcing initiative would be used, a design for a crowd-sourcing platform
that can ensure the initiative's objectives are achieved needs to be developed. The design stage is the stage
where all components of the crowd resources are detailed to ensure the success of the developed system, and
the relationships for each component must also be clearly stated (Hetmank, 2013). Although there have been
research reports related to reference models that can be used in developing the design of crowd-sourced
resource systems, they are not comprehensive and can serve as absolute reference sources. According to Fettke
& Loos (2003), a reference model in information systems is a blueprint that explains the conceptual framework
for the development of the system being developed, there has still been no definitive reference model reported.

Pedersen et al. (2013) proposed a conceptual model for crowd resources that can serve as a reference model for
the design of crowd resource applications. The proposed conceptual model is in the form of input-process-
output where the problem to be solved is the input, the process consists of "process", technology, governance,
and audience, while the output is the result of the solution produced. Challenges and mechanisms for each
element mentioned. Hetmank (2013) proposes that the components of a crowdsourcing system consist of user
management, task management, contributor management, and flowchart management. He detailed each
component.

However, the study conducted focused solely on technical elements. Zhao and Zhu (2014) have proposed a
conceptual framework for crowd sources by incorporating regulation and feedback elements as its components.
The study by Zhao and Zhu (2014) is quite comprehensive but still cannot provide a conceptual framework
that can serve as an absolute reference for designing crowd resources. In conclusion, to create a crowdsourcing
system, numerous reported thoughts and perspectives must be synthesized to generate a thorough design guide.

Crowdsourcing Platform Development

The creation of a crowdsourcing platform from the ground up requires meticulous design and development
efforts. A special domain needs to be created to launch this platform. The developed platform is expected to
successfully become a platform that can help the crowd in carrying out the task of developing assessment
instruments more easily and effectively. Figure 1 shows the conceptual diagram for the crowdsourcing
platform developed. The developed crowdsourcing platform can be used by teachers to create questions and
sets of exam and test questions. Teachers can access the crowd-sourced platform using the web browser, and
then log in to the platform to engage in activities such as creating questions and sets of test and exam
questions. All activities carried out will be recorded and stored in the platform's database. Teachers can access
their collection of questions by selecting the desired subject, chapter, and teaching unit. Next, they can save or
print the selected set of questions.
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The platform design process is carried out by detailing the crowd-sourced platform model obtained from
reading previous crowd platform development reports. There are various system development models that have
been reported, including the SDLC (System Development Life Cycle), ADDIE Model (Analyse, Design,
Develop, Implement, and Evaluate), SAM Model (Successive-Approximation Model), and Agile Model.
(Ahituv, Neumann, & Zviran, 2002; Sekgweleo, 2019; Woods, 2019). According to Woods (2019), the
ADDIE model is used for instructional development, while the SDLC model is used in information system
development. Both models have the same development phases and use the same phase names, namely the
analysis phase, design phase, development phase, implementation phase, and maintenance/evaluation phase.
For this study, the SDLC model is used for the development of the platform. Generally, the SDLC has six main
phases of system development, namely requirement analysis/planning, design, development, testing,
implementation, and evaluation (Vishwakarma, Lohar, Desai, & Mate, 2020).

Crowdsourcing
Platform

@1> —

Crowdsourcing platform

Crowdsourcing Platform

user

Crowd Activities Repository

Fig. 1: Conceptual diagram Crowdsourcing platform for teachers to build questions and question sets
Requirements Planning and Analysis Phase

The crowdsourcing platform, developed in Malaysia, aims to empower educators in creating school assessment
tools by allowing the access, creation, storage, sharing, editing, and modification of test questions. The
platform intends to improve awareness and foster a culture of information and knowledge exchange to boost
the quality of school evaluation tools in Malaysia. A focus group including ten secondary school teachers was
conducted to gather information on the creation process of assessment instruments. Consequently, the
procedure to prepare assessment instruments - test/exam questions as outlined in Figure 2.

The procedure commences when the Principal or Headmaster, along with the Senior Assistant Teacher, directs
the Examination Secretary to formulate and disseminate the examination calendar. The question drafter
formulates a preliminary question in accordance with the specified format, incorporating the items/questions
from the Item/Test Specification Table and instrument schemes. Upon completion of the set, the committee
chair evaluates and validates the questions. The focus group discovered that question drafters utilize many
informational sources, including textbooks, reference materials, self-subscribed question banks, and online
resources. The formulated questions are saved on the teacher's computer or in private cloud storage, making it
challenging to share with other educators.
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TestExam Schedule
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Checking relevant students”
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specification tables and answer
schemes according to established
requirements

v
Submit the draft question and
answer scheme to the committee -
head for review

Review of the draft
by the head of the
committee

Yes

The question i1s printad

Figure 2. Flow chart Preparation of assessment instruments - test/exam questions

The focus group also discussed the development of a crowdsourcing platform for teachers in Malaysia to share
assessment instruments online. The platform would facilitate the process of building, editing, reusing, saving,
sharing, and responding to assessment questions collected in the crowdsourcing database. The platform would
be designed with a simple, effective, and cheap way for teachers to formulate test and exam question
assessment instruments. The also identified features of crowdsourcing from the point of view of control,
interface display, and user needs. The proposed interface display would have two colours, white for
background and blue for important information. The scope of the platform was set to avoid "scope creep" and
ensure it did not exceed the scope set.
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The platform's domain was registered and owned by the researcher. A work schedule for platform development
was implemented to ensure the project could be implemented within the specified period and not exceed the
allocated cost. The overall duration of the platform developer is 25 weeks.

Platform Design Phase

The next phase of the SDLC is the design phase. After completing the system requirements analysis,
crowdsourcing platform design activities began by detailing the crowdsourcing platform model by examining
the information obtained from the results of the reading and the information obtained from the focus group
during the analysis phase. Once all the details were finalized, the design and programming phase of the
platform began. The process of developing existing assessment instruments (preparation of tests and exam
papers) was studied, improved, and adapted to the developed crowdsourcing application. The information
obtained during the analysis phase is used as a guide to enable a good design to be produced according to the
needs of the potential audience of this platform.

The design phase is divided into two design sub-phases, namely the logical design sub-phase and the physical
design sub-phase. The logical design phase is the phase where the activity process, data flow, and storage form
that will be implemented in the actual program are determined (Kendall & Kendall, 2019). During this phase,
the process carried out to carry out physical activity is not considered. Physical activity is the activity
performed by users in performing tasks by using information system applications. The physical design will be
explained in detail during the physical design phase. After the design phase is finalized, programming
activities will begin to realize the platform developed according to the specifications and requirements that
have been set.

As a result of the information obtained during the analysis phase, it was decided that the crowdsourcing
platform will focus on the process of developing assessment instruments in the form of test papers and exams
only. Therefore, the process of creating, editing, collecting and saving test and exam questions is the focus of
this platform. The process of building an assessment instrument has two stages, namely building questions and
building test/exam papers. Constructing questions is the teacher's activity of creating questions that are finally
collected to form a set of test/exam question papers. This question-building process will produce a collection
of test questions in the form of a question bank. When the teacher wants to create a test/exam paper, this
collection of questions will be referred to and the appropriate questions will be used for assessment purposes in
the teacher's classroom.

The logical design sub-phase is a sub-phase where the process of producing test/exam questions and the
opposite of producing a set of test/exam questions is detailed so that it can be a guide during the programming
process of the crowdsourcing platform. This process begins by clarifying the data flow process when the
teacher (audience) uses crowdsourcing.

Process in the Crowdsourcing Platform

The crowdsourcing platform has been developed to create an assessment instrument in the form of a question
paper. To ensure data security and quality, all users must register and provide their personal information,
teaching subject information, and class information. After confirming registration, the platform audience can
browse the user profile interface view, update their personal information, and choose to build questions or
build exam papers. The first option is to build individual questions by choosing a subject and filling in the
question and answer in the editor box. Questions are stored in the repository according to the hierarchy of
subjects, degrees/levels, chapters, units, question types, and question levels. The audience can also edit the
questions they have built or build a new set of questions.

When building exam papers, the audience can choose related subjects, chapter menus, and type of question.
They can also make comments and edit existing questions. Edited questions are saved as new questions and
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can be referenced by previous question creators. Once the selected question is completed, the audience can
print the constructed question in Microsoft Word format (docx) or portable document format (.pdf). The set of
questions that have been printed by the teacher will also be saved as a collection for future use.

The basic entity relationship model consists of entity types and defines the relationships between entities in a
particular knowledge domain. This system ensures data security and quality while allowing the audience to
access and edit the questions they have built.

Platform Development Phase

The crowdsourcing platform is built to allow the audience to create questions, save, share and otherwise
develop assessment instruments for teaching and learning. This platform is developed permanently (permanent
call) and refined as suggested by the audience from time to time. In the initial stage, refinement was done
because of the suggestions and remarks made by the focus group during the discussions related to
crowdsourcing.

The crowdsourcing platform was developed using the PHP programming language which is a popular
programming language for general use and suitable for website development purposes. It is a fast, flexible and
pragmatic programming language. For the website developed to host crowdsourcing, the JavaScript
programming language is used to ensure smooth access to the crowdsourcing platform. Database management
and record keeping of all activities that occur in the crowdsourcing platform is managed using a MySQL-based
database. MySQL is a database service that manages the database for applications that use technology/cloud
computing (cloud) (MySQL, 2020). While the programming is being made, testing will be done continuously,
and the completed units will be launched directly to the Internet and will continue to receive responses from
the audience.

The platform uses Internet technology and launches through a specially developed website. Therefore, the
Uniform Resource Locator (URL) for this platform is registered. The domain krumun.org has been registered
by subscribing to the long-standing web service provider HostGator.com. HostGator.com was chosen after
considering the subscription cost, security, and advantages of the service provider related to domain
registration, long-term web hosting, and data security. Figure 3 shows the domain registration display for
krumun.org. The use of the suffix ".org" is appropriate for websites that are developed with non-commercial
and non-profit-oriented characteristics.

The krumun.org platform that has been developed and all data and activities on the platform by the audience
are stored on servers rented from the web hosting service provider, HostGator (HostGator.com), with website
and data security factors managed by SiteLock Essentials provided by HostGator. The domain Krumun.org has
also been registered and is owned by the researcher.

HostGator ™ A~
@ Dashboard Home § Damias | Manrag: Donains Saurch our krowldde bage
E Hosting

Manage Domains

By Marketplac . .
E ETHETRRES Active Domains

] Emall & Office

aren e Ty
&l pormaing
krumin arg F25-05-07 v v v
E Billing
Eilling History Log Your Dorains: a
Mako Paymant
Credit Cardis) Lzaking 1o rranage el accaunts o 1 erain? Ga ta Hosting and lawach tBarel far your basting sacage.
PayPal
Cradits DER HistGatatoam Web Hosting 1D 35A7601  Danot sall my parsanal sfarmation
[=] Suppert ih  Referafriend

Figure 3: Domain Registration Display the platform
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Testing Phase

Testing is done to ensure no programming errors occur. Errors such as functional errors, loss of information,
confusion of information, inappropriate functions and so on need to be observed in detail (Raghuvanshi, 2020).
Apart from that, the process that produces the output also needs to be checked to ensure that there are no errors
for each system in the crowdsourcing platform. The efficiency of the system is also seen in ensuring that the
developed system does not suffer from "lagging" problems. All programming, arithmetic and algorithmic
aspects of the system are examined and ensured to function as they should. A checklist is provided to ensure
that testing is done systematically and accurately (Raghuvanshi, 2020). The main phase of crowdsourcing
testing is done in two stages, namely (i) alpha testing and (ii) beta testing and (iii) user acceptance testing.

During the alpha testing, all views and improvement suggestions from those involved in the platform's
development were taken into consideration, and the platform was developed with enhancements to ensure
audience acceptance. The platform that has been developed was tested at the development stage (alpha-test),
and when all functions are working perfectly, the second stage of testing, the beta test, is carried out.

The beta testing was conducted on the same focus group (the focus group for the development of the platform
application) to obtain feedback on the interface and flow perception of the platform platform. The results of
this testing showed slight improvements based on the feedback, which included sentence corrections and
spelling corrections. Generally, the focus group is satisfied with the platform interface and flow.

Upon the application's completion, system verification is performed through comprehensive testing. Expert
assessments were taken into account to guarantee the application's quality and seamlessness. Upon the
completion of testing and the absence of faults, the platform was launched online. The application will proceed
to function with public engagement.

Following the incorporation of enhancements derived from focus group and expert feedback, the
crowdsourcing platform was reinitiated for user acceptance testing. The platform was made available online to
educators, comprising five primary school teachers and five secondary school teachers, to evaluate the
enhanced platform. They are requested to evaluate all the functions offered by crowdsourcing. Upon
confirming the appropriate functionality of all platform features and the absence of programming faults, the
platform is prepared for launch. The study instrument was subsequently developed to examine the acceptance
and continuous use of the platform, which was not addressed in this paper.

Platform Implementation/Launch Phase

A platform domain has been created to launch this platform. Subsequently, the campaign gets underway, and
participant information is collected via member registration; the activity log is also maintained for the study of
crowd activities on the platform. User feedback is systematically collected, and enhancements are perpetually
implemented to optimize the platform's efficacy. The platform has been inaugurated both in-person and online.

Platform Maintenance Phase

At the same time, maintenance and improvement activities, response to audience comments, and "patches" of
information and tools for audience use will occur continuously. The platform administrator will concurrently
oversee each aspect of security to ensure that the platform always remains safe and secure. A study on user
acceptability and continued usage will be conducted to verify the platform is embraced and consistently
utilized by users as a tool for developing test papers for students.

CONCLUSION

The crowdsourcing platform was created utilizing the SDLC methodology as a framework for system
development. Upon finalization of all details, the design and programming phase is implemented. Testing is
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conducted continually alongside the platform's programming. Upon completion of the application,
comprehensive testing will be conducted, and feedback from focus groups and experts will be taken into
account to ensure the application's quality and functionality. The campaign is ongoing to promote the platform,
and participant data will be gathered through member registration, while activity logs will be maintained for
this study. The application will function with public participation. Concurrently, enhancement projects,
responses to audience comments, and updates of information and tools for audience use will persist. The
platform will grow as additional participation occurs.
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