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ABSTRACT 

This study reports on the conception and development of an 

online ethnomathematics instructional content repository for 

mathematics teachers. The study adopts a developmental 

research design to build a platform on WordPress, a free and 

open-source content management system (CMS) based on PHP 

& MySQL. The presentation in this paper begins with a broad 

background of the intent for building the website for 

multicultural mathematics resources. The conceptual 

discussion of ethnomathematics is next presented, followed by 

the theory of realistic mathematics education, which is a 

theoretical foundation of the study. Culture-based 

mathematics instructional design is then conceptualised. The 

details of the developmental research design follow this. The 

core deployment of the cleanroom software development 

model is presented and followed by the system specification of 

the developed web-based platform. A preliminary assessment 

of VillageMath’s navigation and structure indicated that the 

designed innovation has the potential to aid mathematics 

teachers in providing the necessary guided re-invention of the 

mathematics classroom along the culture-based continuum. 

The web-based platform for multicultural mathematics 

resources is designed to ground culture-based mathematics 

instruction and student learning in the values, norms, crafts, 

beliefs, practices, experiences, and language derived from 

existing indigenous knowledge systems. 
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INTRODUCTION 

Technology has been changing human life in one way or another for thousands of years. Still, in 

the present computer age, the pace of technological change is very rapid, altering schooling, 

work and social lives in ways that have significant consequences for young people (Craig, 2009). 

Rapid advances in information and communications technology (ICT) and expanding 

connectivity to the internet have made today’s world increasingly complex, interconnected and 

knowledge-driven (Broadband Commission Working Group on Education, 2013). Innovation and 

research are indispensable tools in rethinking education to cope with these changes in the 

twenty-first century. Failure to innovate, by and large, means repeating yesterday’s educational 

programmes and strategies tomorrow (Raja, 2002). The society which education is meant to 

serve is being transformed by trends such as automation, globalisation and networking, with 

attendant influence on workplace culture and personal responsibility (Iji et al., 2018; Iji et al., 

2017). 

Within the demands of the present age, both the education system and the education 

process must be compliant. This calls for a fundamental transformation of education in terms 

of its contents, methods and outcomes. Mathematics education must seek to inculcate skills 

that are aimed at accelerating technological change, rapidly accumulating knowledge, 

increasing global competition and raising workforce capabilities (Partnership for 21st Century 

Skills, 2002). Schools must prepare learners who will ultimately spend their adult lives in a 

multitasking, multifaceted, technology-driven, and vibrant world. The reality on the ground has 

made it critical for the education system to be more strategic, aggressive, and effective in 

preparing learners to succeed and prosper. Educational institutions must reconsider what, but 

even more importantly, how, and where students learn (Innovation Unit, 2014). 

Although technology is not the answer to all problems in present-day education (Lokesh, 

2013), utilising emerging technologies to provide expanded learning opportunities is critical to 

the success of future generations. The level of penetration of ICT among learners signals more 

than a change in pedagogy; it suggests a change in the very meaning and nature of mathematics 

education itself (Italiano, 2014). Schools all over the world are becoming an integral part of the 

broadband and technological transformation, utilising the potential of technology to drive and 

empower more personalized mathematics learning. 

At the school level, successful technology integration is achieved when the use of 

technology is routine, transparent, accessible, and readily available for the task at hand, 

supporting the circular goals and helping learners to effectively achieve their goals (Edutopia, 

2007). Technology augmentation seeks to deploy technological tools that are a flawless part of 

the learning process, almost a second nature to ordinary school activities. When technological 

tools are readily available to learners and efficiently blended into instructional activities, the 

outcome is often active engagement of learners and the provisions of the opportunity to build 

a deeper understanding of mathematics content (Agbo-Egwu et al., 2018; Abah, Anyagh & Age, 

2017). 
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One of the ways digital technologies are aiding present-day teaching and learning is by 

serving as a vehicle for conveying instructional content. Specific areas of quantifiable success in 

this respect include ICT-based instructional approaches, implementation of open and distance 

learning (ODL), online instructional repositories and circulation of open education resources 

(OERs) (Iji & Abah, 2018). Leading the pack in ODL, for instance, are the Massive Open Online 

Courses (MOOCs), designed for large numbers of participants, that can be accessed by anyone 

anywhere if they have an internet connection, are open to everyone without entry 

qualifications, and offer full/complete course experience online for free (Home & OpenupEd, 

2015). Online instructional repositories and OER platforms are commonplace for enhancing 

conversation and collaboration in a mathematical community. In such online learning 

environment, diversity-bridging tools would include email, bulletin boards, forums, chat groups 

and conferencing (Holzl in Iji & Abah, 2018). The introduction of other new technologies like the 

virtual classroom and social media makes it possible to replicate technology-based 

mathematical experience within and outside the classroom (Hofmann, 2014), particularly via 

the design of web-based applications (or WebApp). 

Design is a creative activity in which user requirements, business needs, and technical 

considerations are brought together in the development of a high-quality product or system. 

WebApp design leads to products that contain the appropriate mix of aesthetics, content, and 

technology. Pressman (2005) notes that WebApp development entails six major steps that are 

driven by information obtained during analysis modeling, each contributing to the overall 

quality of the WebApp. The first step, interface design, describes the structure and organisation 

of the user interface, including a representation of the screen layout, a definition of the modes 

of interaction, and a description of navigation mechanisms. Aesthetic design, also called graphic 

design, describes the “look and feel” of the web-based tool, including colour schemes, 

geometric layout, text size, font and placement, the use of graphics, and related aesthetic 

decisions. Content design defines the layout, structure and outline for all content that is 

presented as part of the WebApp, establishing relationships between content objects. 

Navigation design represents the navigation flow between content objects and WebApp 

functions. Architecture design identifies the overall hypermedia structure for the web-based 

tool. The final step, component design, develops the detailed processing logic required to 

implement functional components within the web-based application. These activities are 

implemented within the key design goals of simplicity, consistency, identity, robustness, 

navigability, visual appeal and compatibility (Pressman, 2005).   

Currently, there exist many mathematical content platforms on the internet, but only a 

few are solely dedicated to culture-based Mathematics education. Conventional Mathematics 

platforms such as Math.com, Mathplanet.com, BasicMathematics.com, Mathplayground.com, 

SOSmath.com and Youcubed.org are built to encompass a wide range of content. Familiar 

contents hosted on these websites include blog articles, mathematical games, videos, teacher 

guidelines, student-workbooks, and mock tests. Additional services offered by these sites 
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include mathematics tutor service, specialized curriculum, consultancy services and marketing 

of educational products. The target audiences of these conventional mathematics websites are 

often learners and teachers of mathematics across different grades and educational levels. A 

few of these sites require users to do a registration to have full access to the functionality of the 

platform. 

A culture-based mathematics education repository is designed for the grounding of 

Mathematics instruction and education in the practices, values, norms, knowledge, beliefs, 

experiences, and language that are the foundation of an indigenous culture. Based on cultural 

ways of being, knowing and doing, an ethnomathematics educational resource in its design 

takes cognisance of the five key elements of context, content, language, family and community, 

and data and accountability (Kanaiaupuni, 2007). Such a tool recognises and uses native or 

heritage language, while actively involving family and community in its development, everyday 

learning, and leadership. The context of presentation is structured in culturally compatible ways, 

making learning more meaningful and relevant through culturally grounded content and 

assessment. The system must also gather and maintain data to ensure progress in culturally 

responsible ways. 

Ethnomathematics  

One of the relevant reasons for teaching mathematics is the consideration of mathematics as 

an expression of human progress, culture and thought, and that it is an inalienable part of the 

cultural heritage of humankind. Although contemporary society places great value on a 

western-oriented science and mathematics, proponents of ethnomathematics have argued that 

mathematics is composed of many diverse and distinct cultural traditions, not just those 

emerging from the Mediterranean basin mathematics tradition (Rosa & Orey, 2010). 

Mathematical thought has been influenced by the vast diversity of human characteristics such 

as languages, religions, morals, and economic, social, cultural and political activities. In line with 

these, humans have developed logical processes related to universal basic needs to quantify, 

measure, model and explain, all operating within different socio-cultural contexts. 

Since each cultural group has its unique way of doing mathematics, the connections often 

came to represent a given cultural system, especially in the way that they understood geometric 

forms, quantified numbers and relationships, and measured or classified objects in their local 

environment. Rosa and Orey (2010) relate that for all these reasons, every cultural group has 

developed its way of mathematising its realities. In this sense, D’Ambrosio (2001a) defines 

ethnomathematics as the mathematics practised by cultural groups, such as urban and rural 

communities, groups of workers, professional classes, children in each group, indigenous 

societies and any other group that is identified by the objectives and traditions common to their 

group. In simple terms, ethnomathematics expresses the relationship between culture and 

mathematics. 

The everyday life of communities, groups, families, tribes, associations, professions, and 

nations takes place in different regions of the globe, in different ways and at different rates, 
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with the constituting individuals sharing their indigenous knowledge, such as language, systems 

of explanation, myths and legends, customs and culinary habits. The behaviours of members 

are made compatible with and subordinated to value systems agreed by the group, forming a 

culture. In sharing knowledge and making behaviour compatible, the characteristics of a culture 

are synthesized (D’Ambrosio, 2001a). Basically, the distinct way of doing (practice) and knowing 

(theory) that define a culture are part of the unique shared knowledge and the behaviour that 

has become amenable. 

Everyday life is encapsulated in the knowledge and practices of a culture. Individuals are 

always quantifying, measuring, comparing, classifying, explaining, generalizing, inferring, and in 

some way, evaluating, using material and intellectual instruments that belong to their culture 

(D’Ambrosio, 2001a). These individuals are emphatically using the techniques of explaining, 

understanding, and coping with the environments that they have learned in their cultural 

setting. This patrimonial knowledge of their cultural group constitutes the ethnomathematics 

of the group (D’Ambrosio, 1994). 

Ethnomathematics in present-day mathematics education 

Ethnomathematics requires a dynamic exploration because it portrays concepts that are 

themselves neither rigid nor singular, namely “ethno” and “mathematics” (D’Ambrosio, 1987). 

The term “ethno” alludes to all the ingredients that make up the cultural identity of a group: 

language, codes, values, jargon, beliefs, food and dress, habits, and physical traits. Mathematics 

expresses a broad view of mathematics which includes ciphering, arithmetic, classifying, 

ordering, inferring, and modeling (D’Ambrosio, 1987). Many educators may be unfamiliar with 

ethnomathematics as a term, yet a basic understating of it should empower teachers to expand 

their mathematical perceptions and more effectively instruct their students. 

The general public and even teachers do not commonly say that mathematics and culture 

are connected (D’Ambrosio, 2001b). When teachers do acknowledge an interconnection, often 

they engage their learners in multicultural activities merely as a curiosity. Such activities usually 

refer to a culture’s past and to cultures that are, sometimes, very remote from that of the 

learners in the class. This situation occurs because teachers may not understand how culture 

relates to children and their learning. An important component of mathematics education today 

should be to reaffirm, and in some instances to restore, the cultural dignity of learners 

(D’Ambrosio, 2001b). Although multicultural mathematics activities are important, they should 

not be the final goal. As learners experience multicultural mathematical activities that reflect 

the knowledge and behaviours of people from diverse cultural environments, they not only may 

learn to value mathematics but, just as importantly, may develop a greater respect for those 

who are different from themselves. 

To acquire requisite skills while maintaining cultural dignity and to be prepared for full 

participation in society requires more than what is offered in a traditional curriculum. Much of 

today’s curriculum is disconnected from the learner’s reality that it is impossible for the learner 

to be a full participant in such reality (D’Ambrosio, 2001b). Mathematics in many classrooms 
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has practically nothing to do with the world that the children are experiencing. Just as literacy 

has come to mean much more than reading and writing, mathematics must also be thought of 

as more than, and indeed different from, counting, calculating, sorting, or comparing. 

Considering that today’s children are living in a civilisation that is dominated by mathematically 

based technology and unprecedented means of communication, it is safe to assert that much 

of the content of existing mathematics programmes does little to help students learn the 

information and skills necessary to function successfully in this new world. 

The goal of mathematics education should be to foster learners’ ability to successfully 

use modern technology to solve problems and communicate their thoughts and answers as they 

gain an awareness of the capabilities and limitations of technological instruments. The school 

system can help learners realise their full mathematical potential by acknowledging the 

importance of culture to their identity and how culture affects the way they think and learn. 

Children must be taught to value diversity in the mathematics classroom and to understand 

both the influence that culture has on mathematics and how this influence results in different 

ways in which mathematics is used and communicated in different parts of the world 

(D’Ambrosio, 2001b). Such insight is gained through the study of ethnomathematics. 

Ethnomathematics as a programme is concerned with the cultural aspects of 

mathematics. It acknowledges that there are diverse ways of doing mathematics by considering 

the appropriation of academic mathematical knowledge developed by different sectors of 

society as well as by considering different modes in which different cultures negotiate their 

mathematical practices. Ethnomathematics researchers investigate ways in which different 

cultural groups comprehend, articulate, and apply ideas, procedures, and techniques identified 

as mathematical practices (Rosa & Shirley, 2016). These mathematical practices refer to diverse 

kinds of mathematics that may vary as they are embedded in people’s cultural activities. 

Ethnomathematics presents the mathematical concepts of the school curriculum in a way in 

which these concepts are related to the cultural backgrounds of learners, thereby enhancing 

their ability to make meaningful connections, and deepening their understanding of 

mathematics. 

Theory of Realistic Mathematics Education 

Realistic mathematics education (RME) is a domain-specific instruction theory for the teaching 

and learning of mathematics. Basically, RME holds that rich, “realistic” situations are given 

prominent position in the learning process. These situations serve as a source for initiating the 

development of mathematical concepts, tools, and procedures and as a context in which 

learners can in a later stage apply their mathematical knowledge, which then gradually has 

become more formal and general and less context-specific. Although “realistic” situations in the 

meaning of “real-world” situations are important in RME, “realistic” has a broader connotation 

here. The theory of realistic mathematics education is credited to Hans Freudenthal. Later in his 

career, Freudenthal (1968, 1973, 1991) became interested in mathematics education and 

argued for teaching mathematics that is relevant for learners and carrying out thought 
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experiments to investigate how learners can be offered opportunities for guided re-invention 

of mathematics. 

One of the basic tenets of RME is the idea of mathematics as a human activity. 

Mathematics is not only the body of mathematical knowledge, but the activity of solving 

problems and looking for problems, and more generally, the activity of organising matter from 

reality or mathematical matter, which is called “mathematization” (Freudenthal, 1968). This 

activity-centred perspective to mathematics has important consequences for how mathematics 

education is conceptualized. More precisely, it affected both the goals of mathematics 

education and the methods of teaching mathematics (Van den Heuvel-Panhuizen, 2003). 

According to Freudenthal (1968, 1971, 1973), mathematics can best be learned by doing and 

mathematizing is the core goal of mathematics education. Instead of presenting mathematics 

as a ready-made product, the goal should be to engage learners in mathematics as an activity. 

Then, like how the mathematical activity of mathematicians has resulted in mathematics as it is 

known, the activity of learners should result in the construction of such mathematics, in a way 

inventing mathematics on the go (Gravemeijer, 2008). 

RME distinguishes between two ways of mathematising within the educational context, 

namely “horizontal” and “vertical” mathematising. In the case of horizontal mathematizing, 

mathematical tools are brought forward and used to organise and solve a problem situated in 

the learner’s daily life. Vertical mathematising, on the contrary, stands for all kinds of re-

organisations and operations done by the students within the mathematical system itself. In the 

view of Freudenthal (1991), to mathematise horizontally means to go from the world of life to 

the world of symbols; and to mathematise vertically means to move within the world of 

symbols. The latter implies, for instance, making shortcuts and discovering connections 

between concepts and strategies and making use of these findings (Van den Heuvel Panhuizen, 

2003). The emphasis in RME is that the two forms of mathematising are of equal value and could 

take place on all levels of mathematical activity. 

Basically, ethnomathematics as a programme of mathematics education emphasizes the 

usage of real-life situations in the teaching/learning process. VillageMath is a tool which projects 

the mathematical concepts and knowledge as they exist in the real lives of the students as well 

as in the cultural practices of their people. Frequent reference to the history of mathematics 

and mathematics storytelling by the instructional platform offers problem situations that 

learners can imagine and relate to as experientially real in their minds (Abah, Iji & Abakpa, 2018). 

The content coverage of the repository intends to humanize mathematics for users, pointing 

them to ways through which learners can re-invent mathematics for themselves. 

In terms of mathematization, VillageMath is a tool that can be creatively deployed to 

organize and solve problems situated in learners’’ daily lives. That makes the platform an 

undisputable teacher companion for horizontal mathematisation. The blog articles, lesson 

plans, adaptable classroom activities and ethnomathematics forum provided by the website are 

to aid mathematics teachers to easily move from the world of life to the world of mathematical 
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symbols. The captivating activities provided on the platform ensure that mathematics is best 

learned by doing mathematics. 

By building on the reality principle of RME, the web-based repository was developed to 

present resources that encourage mathematics teachers to always start from problem 

situations that are meaningful to learners and are derived from the learners’ rich cultural 

contexts. Such an approach allows for students to move from context-related situations to 

constructing actionable mathematical strategies, stepping up through a spiral of intertwined 

curricular contents to achieve success. For learning and doing mathematics, technology in the 

form of real-world interfaces such as VillageMath can help learners’ problem-solving, support 

the exploration of mathematical knowledge and concepts, provide dynamically linked 

representations of ideas and can encourage general metacognitive abilities such as planning and 

checking (Barkatsas, 2004). Adaptable teaching templates available from the platform can assist 

the mathematics teacher in providing the required guided re-invention and group discussions 

that will develop learners’ procedural fluency, strategic competence, conceptual understanding, 

adaptive reasoning and productive disposition (Kilpatrick & Findell, 2001). Consequently, the 

web-based tool mediates for practising mathematics teachers the process of constructing 

knowledge, with emphasis on students’ hands-on activities and daily life. 

Culture-based mathematics instructional design 

Culture is a learned behaviour comprising actions, feelings and thoughts that are transferable 

in social interaction (Vainio et al., 2014). Within every culture, there exists indigenous 

knowledge which consists of the complex, intergenerational and cumulative experiences, and 

teachings of the indigenous peoples (Jacob et al., 2018). However, many contemporary 

educational researchers agree that there is a discontinuity between the home or community 

culture of learners and the education they get in mainstream educational institutions (Ezeife, 

2011). The lack of relevance of school mathematics to the learners’ daily life and culture 

suggests that there is need to incorporate such cultural practices, ideas and beliefs into the 

mathematics curriculum to connect the school to the community in which it exists and 

functions. Educators, academics, and policy makers have called for more research that 

addresses gaps in understanding of culture-based mathematics education (Kanaiaupuni, 2007). 

Culture-based mathematics education is teaching and learning of mathematics that takes 

into cognizance the cultural context of the learners, blending academic and vocational 

competencies. Contextualisation builds on the premise that people learn more effectively when 

they are learning about something that they are interested in, that they already know something 

about, and that allow them to use what they already know to figure new things out (Epper & 

Baker, 2009 and CUNY, 2003). The use of locally relevant contexts-situations and phenomena 

that have local and personal meaning to learners and teachers for whom a curricular product is 

designed, provides access to educational and social participation and opportunity at multiple 

levels of practice (Ebby et al., 2011). In other words, culture-based mathematics education, in 

addition to attending to academic goals, must take seriously the ways learners’ experiences are 
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structured by policies, institutions and societal practices and work with learners to confront 

them. 

Evidently, new tools and digital media can be extremely helpful to many mathematics 

teachers who would otherwise struggle to provide culture-based mathematics instruction. If 

schools are to provide such forms of instruction effectively and at scale, they will require a new 

technology infrastructure such as e-learning (Dede, 2014). E-learning can be defined as the use 

of computer and Internet technologies to deliver a broad array of solutions to enable learning 

and improve academic performance (Ghirardini, 2011). However, e-learning is a kind of cultural 

artefact and as such it is infused with characteristics that reflect those of the designing culture. 

In other words, any e-learning application will possess characteristics that reflect the culture of 

its originators and users, from the types of pedagogies they prefer to their cultural expectations 

and values (Masoumi & Lindstrom, 2009). Accepting this view that culture is an integral part of 

every aspect of instructional design, makes it important to consider social and cultural 

dimensions in developing web tools for mathematics instruction. 

Introducing culture to the focus of discussions and enactments (that is, what people do 

and how they do it) in developing e-learning tools and seeking to align teaching and instruction 

to the cultural contexts of ethnically diverse learners, challenges mainstream perspectives of 

teaching and learning (Masoumi & Lindstrom, 2011). Cross-cultural design means developing 

technology for different cultures, languages, and economic standings by ensuring usability and 

user experience across cultural boundaries (Vainio et al., 2014). Such a user-centred design 

approach supports the cross-cultural product development process with user-centred activities 

identifying the need for internationalisation and localisation. Such processes as 

internationalisation and localisation are argued to develop learners’ respect for diversity while 

ensuring increased learning opportunities (Türkmen & Cesur, 2024). 

In the field of instructional technology, “development” has a somewhat unique 

connotation. One current definition sees “development” as the process of translating the design 

specifications into physical form (Richey et al., 2004). In other words, it refers to the process of 

producing instructional interventions, materials, and even web-based products. On this 

premise, design-based research (DBR) methods focus on designing and exploring the whole 

range of designed innovations namely, artefacts as well as less concrete aspects such as activity 

structures, institutions, scaffolds, and curricula (The Design-Based Research Collective, 2003). 

Interventions such as web-based educational products target specific theoretical opinions about 

teaching and learning and reflect a commitment to understanding the relationships among 

designed artefacts, theory, and practice. 

Design-based research is a process that integrates design and scientific methods to allow 

researchers to generate useful products and effective theories for solving individual and 

collective problems of education (Easterday et al., 2014). The design and DBR processes consist 

of six (6) iterative phases in which designers focus on the problem, understand the problem, 

define goals, conceive the outline of a solution, build the solution, and test the solution. 
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Following this blueprint, mathematics education researchers, like Mosimege (2004), report the 

outcomes of a South African programme which calls upon curriculum planners and 

implementers to incorporate aspects of indigenous knowledge systems within mathematics. 

The extent to which mathematical knowledge is exhibited in cultural villages in both the workers 

and the artefacts made was discussed in line with how these can be used in mathematics 

classrooms. Mosimege (2004) lists mathematical concepts identified in the making of a grass 

container and the beadwork to include estimation, lines, shapes, patterns, and angles. 

Further design-based studies have shown that culture-based mathematics education can 

have significant positive effects on learners, including improved graduation rates, college 

attendance rates, retention, and academic achievement (Best & Dunlap, 2013). Fenyvesi, 

Koskimaa and Lavicza (2014) show that creating visual illusion, paradox structures and 

“impossible” figures through playful and artistic procedures, holds an exciting pedagogical 

opportunity for raising learners’ interest in mathematics. To anchor this, innovatively designed 

games were deployed to clarify mathematical concepts about visual illusions, such as symmetry, 

perspective, and isometric projection (Fenyvesi et al., 2014). 

Relatedly, Neel (2010) carried out a study in the culture-based mathematics instructional 

design paradigm, in which members of the Haida Role Model Program on the islands of Haida 

Gwaii were interviewed to determine how they “Do the Math” in their daily lives. The 

programme comprises community members, elders and other professionals who go to schools 

and assist teachers in integrating Haida knowledge and perspective into the school curriculum. 

The Role Models provide a vital cultural link between the school district community and the 

Haida community. The outcomes of the instructional design show that the mathematical 

practices in the community life of Haida Gwaaii are unique to its people, land, and context. The 

culture-based intervention was useful in integrating learners’ experiential mathematics with 

their school mathematics, to improve their motivation and make new connections to improve 

achievement. The findings indicate that mathematics is useful and meaningful for indigenous 

students by showing them how traditional and contemporary cultural activities have diverse 

mathematical concepts embedded in them. Neel (2010) reports that, broadly, the ability to learn 

Mathematics increases when students are taught skills that are useful for their daily functioning 

in the home, the workplace, and the community. A similar approach was used by Francoise et 

al. (2018) to design culture-based mathematics instruction involving string figure making and 

handcrafted calabash gourd with the outcome affirming that extracurricular practices are 

dynamic in nature, and they are performed along an informal-formal learning continuum. 

RESEARCH DESIGN 

This study adopts a developmental research design. This design is suitable for development-

based research, including studies of instructional design (Ritchey et al., 2004). Developmental 

research is a process that integrates design and scientific methods to allow researchers to 

generate useful products and effective theories for solving individual and collective problems of 
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education (Easterday et al., 2014). Developmental research envisions a tighter, more rigorous 

connection between learning principles and features of educational innovation. In design 

research, the researcher’s rigorous analysis of a learning problem leads to quite specific ideas 

for interventions. Designers then develop systems that use information technology to build 

specific teaching and learning materials and methods designed to realise learning gains 

predicted by theory and research (Walker, 2006). Thus, developmental research is the 

systematic procedure of designing, developing, and evaluating educational interventions (such 

as programmes, teaching-learning strategies and materials, products, and systems) as solutions 

for complex problems in educational practice, which also aims at advancing knowledge about 

the characteristics of these interventions and the process of designing and developing them 

(Plomp, 2010). The web-based VillageMath repository for mathematics teachers, which is the 

focus of this study, is a practical instructional intervention being developed within the iterative 

cycles of developmental research design to encourage mathematics teachers’ deployment of 

indigenous knowledge systems and give insight into different forms of Mathematics used in 

diverse contexts and cultural groups. 

Development of VillageMath 

The development of VillageMath is discussed here by first considering the design model. This is 

followed by a presentation of the details of the system specifications. The final section is a 

discussion of the navigation and structure of the VillageMath platform. 

Deployment of Cleanroom Software Engineering Model 

The cleanroom philosophy was first proposed for software engineering by Mills, Dyer and 

Linger during the 1980s (Miles, Dyer & Linger, 1987). The combined use of conventional 

software engineering modeling, program verification (correctness proofs) and statistical 

software quality assurance (SQA) have been merged into a method that can lead to extremely 

high-quality software products. The cleanroom software engineering model is an approach that 

focuses on the need to build correctness into software as it is being developed, right from the 

beginning. Instead of the classic analysis, design, code, test and debug cycle, the cleanroom 

approach suggests a different point of view (Linger, 1994). 

Failure of software products in the real world leads to immediate and long-term hazards. 

The hazards could result in serious concerns for human safety, economic loss, or the effective 

operation of business and societal infrastructure. Cleanroom software engineering is a process 

model that removes defects before they can cause serious problems (Pressman, 2005). The 

cleanroom philosophy emphasises rigor in specification and design, and formal verification of 

each design element using correctness proofs that are mathematically based. Extending the 

approach taken in formal methods, the cleanroom approach also emphasizes techniques for 

statistical quality control, including testing that is based on the expected use of the software 

product by users. The model attains statistical quality control over software development by 

strictly separating the design process from the testing process in a pipeline of incremental 

software developments. 
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In the cleanroom strategy, a “pipeline of software increments” is developed by small 

independent software teams (Linger, 1994). As each increment is certified, it is integrated into 

the whole. Hence, the functionality of the system grows with time. The sequence of cleanroom 

tasks for each increment is illustrated in Figure 2 and Figure 3. Once functionality has been 

assigned to the software element of the system, the pipeline cleanroom increment is initiated. 

The following tasks occur: 

i. Increment Planning: In software development, there may be a compelling need to 

provide a limited set of software functionality to users quickly and then refine and expand on 

that functionality in later software releases. The strategy delivers a series of releases called 

increments that provide progressively more functionality for the user as each increment is 

delivered. At the onset of the cleanroom process, a project plan that adopts the incremental 

strategy is developed. The functionality of each increment, its projected size and a cleanroom 

development schedule are created. Special care must be taken to ensure that certified 

increments will be integrated promptly. 

ii. Requirements Gathering: Using research gathering techniques, a more-detailed 

description of user-level requirements (for each increment) is developed. Requirements 

gathering provides the appropriate mechanisms for understanding what the end-user wants, 

analysing needs, assessing feasibility, negotiating a reasonable solution, specifying the solution 

unambiguously, validating the specification and managing the requirements as they are 

transformed into an operational system. The task of requirement gathering is accomplished 

through the execution of seven distinct functions, namely, inception, elicitation, elaboration, 

negotiation, specification, validation, and management. 

iii. Box Structure Specification: A specification method that makes use of box structures to 

isolate and separate the creative definition of behaviour, data, and procedures at each level of 

refinement (Hevner & Mills, 1993). Basically, a “box” encapsulates the system (or some aspect 

of the system) at some level of detail (Pressman, 2005). Through a process of elaboration or 

stepwise refinement, boxes are refined into a hierarchy where each box has a referential 

transparency. That is, “the information content of each box specification is sufficient to define 

its refinement, without depending on the implementation of any other box” (Linger, 1994). This 

enables the analyst to hierarchically move from essential representation at the top to 

implementation-specific detail at the bottom. The three types of boxes used at this stage are 

black box, state box and clear box. 

iv. Formal Design: Using the box structure approach, cleanroom design is a natural and 

seamless extension of specification. Although it is possible to make a clear distinction between 

the two activities, specification (called black boxes) is iteratively refined (within an increment) 

to become analogous to architectural and component-level designs (called state boxes and clear 

boxes, respectively). 

v. Correctness Verification: The cleanroom team conducts a series of rigorous correctness 

verification activities on the design and then the code. Verification begins with the highest-level 
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box structure (specification) and moves toward design detail and code. The first level of 

correctness verification occurs by applying a set of “correctness questions” (Linger, 1988). If 

these do not demonstrate that the specification is correct, more formal (mathematical) 

methods for verification are used. 

vi. Statistical Test Planning: The projected usage of the software is analysed and a suite of 

test cases that exercise a “probability distribution” of usage is planned and designed (Pressman, 

2005). Referring to Figure 3, this cleanroom activity is conducted in parallel with specification, 

verification, and code generation. 

vii. Statistical Use Testing: Since exhaustive testing of computer software is impossible, it is 

always necessary to design a finite number of test cases. Statistical use techniques execute a 

series of tests derived from a statistical sample (the probability distribution noted earlier) of all 

possible program executions by all users from a targeted population. Specifically, statistical use 

testing “amounts to testing software the way users intend to use it” (Linger, 1994). To 

accomplish this, cleanroom testing teams (also called certification teams) must determine a 

usage probability distribution for the software product. The specification (black box) for each 

increment of the software is analysed to define a set of stimuli (inputs or events) that cause the 

software to change its behaviour. Based on interviews with potential users, the creation of 

usage scenarios, and a general understanding of the application domain, a probability of use is 

assigned to each stimulus. 

viii. Certification: Once verification, inspection and use testing have been completed (and all 

errors are corrected), the increment is certified as ready for integration. 

The nature of the culture-based mathematical knowledge being considered in the design 

of VillageMath calls for a systematic process of assessing and controlling software quality during 

the development of the web tool. The development life cycle of the platform begins with a 

specification that not only defines function and performance requirements, but also identifies 

operational usage of the product and a nested sequence of user function subsets that can be 

developed and tested as increments which accumulate into the final system. Correctness 

verification by the development team is used to identify and eliminate defects before to any 

execution of VillageMath. 

The web execution is controlled by an independent certification team that uses statistical 

testing methods to evaluate the quality of the designed repository. Statistical testing results in 

objective quality certification of the repository at delivery and provides a scientific basis for 

generalising reliability estimates to the operational environment. In combination with 

incremental development, this fine-grained measurement process substantially improves the 

predictability of web-based product development. Considering the sensitivity of the cultural 

aspects of the project, statistical use testing was severally conducted in consultation with the 

potential users of the web-based system including learners, mathematics educators, pre-service 

teachers, in-service teachers and IT experts. Feedback from these vital stakeholders gleaned 

from social media platforms and usage scenarios generated with the help of other enthusiasts 
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of ethnomathematics were used to refine all increments of the final web-based system. Such 

refinements result in remodeling of menu items, disambiguation of associated web-page 

components and installation of helpful plug-ins on the Wordpress-based VillageMath. 

Figure 1. 

The Cleanroom Process (Source: Pressman, 2005) 

 
 

System specifications 

The VillageMath repository runs on a Linux OS server running with cPanel v110.0 (Build 20). The 

website runs on Apache Version 2.4.58, PHP Version 8.1 (native) and MySQL Version 5.7.44. The 

developed intervention is hosted on the Internet under the domain name VillageMath.net, with 

the full URL being https://villagemath.net. Hosting services is provided by Smartweb Nigeria 

Limited.  

Figure 2. 

User Request Pathway in Wordpress

 

https://villagemath.net/
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The repository is managed through WordPress. WordPress (WordPress.org) is a free and open-

source content management system (CMS) based on PHP and MySQL. PHP (Hypertext 

Preprocessor) is a widely used, open-source scripting language; a server-side scripting language 

for creating dynamic web pages. When a visitor opens a page built in PHP, the server processes 

the PHP commands and then sends the results to the visitor’s browser. MySQL is an open-source 

relational database management system (RDBMS) that uses Structured Query Language 

(SQL), the most popular language for adding, accessing, and processing data in a database. 

MySQL is like a big filing cabinet where all the content on a site is stored 

Figure 3. 

The Cleanroom Process Model Strategy (Source: Pressman, 2005) 

 

When visitors go to https://villagemath.net to interact with culture-based instructional 

content, they make a request which is sent to a host server. The PHP programming language 

receives that request, makes a call to the MySQL database, obtains the requested information 

from the database, and then presents the requested information to the visitors through their 

web browsers. 

WordPress’ features include a plugin architecture and a template system. It is most 

associated with blogging but supports other types of web content including more traditional 

media galleries, mailing lists and forums, and online stores. WordPress 5.4 is ideal because of 

its flexibility, ease of use, and outstanding performance statistics as the most popular website 

management system and in being used by 60 million websites, including 34% of the top 10 

million websites (Colao, 2012, Leibowitz, 2015, BuiltWith, 2019, and W3Tech, 2019).  

https://villagemath.net/
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To function as a CMS, WordPress must be installed on a web server, either part of an 

Internet hosting service like WordPress.com or a computer running the software package 

WordPress.org to serve as a network host in its own right. A local computer may be used for 

single-user testing and learning purposes. WordPress has a web template system using a 

template processor. Its architecture is a front controller, routing all requests for non-static URLs 

to a single PHP file which parses the URL and identifies the target page (Hayes, 2014). This allows 

support for more human-readable permalinks. 

WordPress users may install and switch among different themes. These themes allow 

users to change the look and functionality of a WordPress-based website without altering the 

core code or site content (WordPress, 2019). All WordPress websites require at least one theme 

to be present with every theme designed using WordPress standards with structured PHP, valid 

HTML (HyperText Markup Language), and Cascading Style Sheets (CSS). Themes may be directly 

installed using the WordPress "Appearance" administration tool in the dashboard, or theme 

folders may be copied directly into the themes directory, for example via FTP. The PHP, HTML 

and CSS found in themes can be directly modified to alter theme behaviour, or a theme can be 

a child theme which inherits settings from another theme and selectively overrides features. 

WordPress’ plugin architecture allows users to extend the features and functionality of 

a website or blog. Each plugin offers custom functions and features enabling administrators to 

tailor their sites to their specific needs. These customisations vary from search engine 

optimisation, client portals used to display private information to logged-in users, and content 

management systems, to content displaying features, such as the addition of widgets and 

navigation bars.  

WordPress also features integrated link management; a search engine–friendly, clean 

permalink structure; the ability to assign multiple categories to posts; and support for tagging 

of posts. Automatic filters are also included, providing standardised formatting and styling of 

text in posts. WordPress also supports the Trackback and Pingback standards for displaying links 

to other sites that have themselves linked to a post or an article. WordPress posts can be edited 

in HTML, using the visual editor, or using one of several plugins that allow for a variety of 

customised editing features.  

Navigation and Structure 

Navigation of web-based resources like VillageMath reflects the support provided to users when 

moving in and around the platform (Moustakis et al., 2004). Top quality of navigation indicates 

adaptability to different devices, fast-loading web pages, responsive links, and browsers, 

adequate search facilities, and interactive layout. These features are fine-tuned during the 

enactment phase of VillageMath’s design in line with the principles of the integrative learning 

design framework (Bannan-Ritland, 2003, Bannan, 2010). The deployment of web-publishing 

technologies available on WordPress guaranteed a seamless navigational experience for 

VillageMath visitors and users. The CMS offers digital capabilities that meet the needs and 

aspirations of this educational initiative (Kay & Laplante, 2006). WordPress ensures a clean 
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permalink structure, the ability to assign multiple categories to posts, integrated link 

management, a search engine-friendly experience, and support for tagging posts. Existing 

automatic filters provide standardised formatting and styling of text in posts. VillageMath also 

supports the Trackback and Pingback standards for displaying links to other sites that have 

themselves linked to a post or an article. These capabilities greatly enhance navigation on the 

platform. The deployed technologies have afforded culture-based repositories the potential to 

preserve cultural heritage and collections, popularize fine cultural artefacts, encourage 

knowledge sharing, invigorate cultural content, and improve literacy and creativity (Hsu et al., 

2006). Unlike the pitfalls reported in a similar empirical work by Arroyo et al. (2007), the high 

navigation rating of VillageMath represents a generational leap in the capability of modern 

technologies used in the design of the web tool (Abah, Iji, Abakpa & Anyagh, 2021; Abah, 2024; 

Abah & Chinaka, 2024). Similarly, the present design uses underlying technologies such as the 

ones reported by Charles and Babatunde (2014), but without the course delivery component 

and real-time synchronous classroom activities. In contrast, VillageMath is essentially a resource 

hub and not a grading/studying for certification system. Instructional activities for visitors and 

users, especially school mathematics teachers, are developed to be used in an asynchronous 

mode with all necessary provision for feedback and user support. While on the website, 

mathematics teachers can reflect upon their ideas before sharing them as threaded discussions 

in forums, leading to more reflective responses and in-depth learning. 

A web platform’s structure alludes to aspects that affect the order of presentation, speed 

and browser compatibility (Moustakis et al., 2004). Mathematics teachers report that the 

information structure of the VillageMath repository reflects order and togetherness of 

information (Abah, Iji, Abakpa & Anyagh, 2021; Abah, 2024; Abah & Chinaka, 2024). Again, this 

designed structural feature was made possible via WordPress’ utilisation of themes. Themes use 

technologies such as PHP, HTML, and CSS to change the functionality of the website without 

altering the core code or content. The structure of the repository is managed by the Kontrast 

(version 1.3.1) theme. Kontrast is a responsive 100% high-resolution theme for blogs and 

magazines. Its’ unique toggle sidebars ensure VillageMath gives a great browsing and reading 

experience on both tablet and mobile. The feature list of the platform-adopted theme is long, 

including unlimited accent colours, unlimited widget areas, 0-2 sidebars to the left or right that 

can be uniquely specified for each page or post, 300px / 220px fixed width sidebars, 0-4 footer 

widget columns, almost zero layout images, related posts and post nav, featured story or slider, 

10 post formats, good SEO, 2 flexible custom widgets, localisation support, social links, logo 

upload and much more useful admin panel features. Evidently, the use of WordPress themes 

differentiates the VillageMath platform from those reported by Grampis (2011), Kartam and Al-

Reshaid (2002), and Jung et al. (2001). 

More structural features of the web-based platform for multicultural mathematics 

resources are made possible through the CMS plugins. Each plugin gives custom functions and 

features allowing the resource web tool to adjust to specific needs. Some of the plugins 
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currently active on the website are Super Socializer (a complete solution to provide all the social 

features like Social Login, Social Commenting, Social Sharing, Social Media follow and more), All 

in One WP Security, WPSocialite (for managing the loading process of social sharing links), WP 

Super Cache (for fast loading of content), WP Power Stats (powerful real-time statistics for 

visitors to the site), Companion Sitemap Generator (easy to use XML and HTML sitemap 

generator and robot editor), Page Views Count, and Yoast SEO (a search engine optimization 

tool). These tools function together to present a site structure and design that is both robust 

and attractive, providing the user with adequate social integrative uses and gratification 

expectancy (Mondi et al., 2007). The structural functionalities of VilageMath in its use of onsite 

webmail, announcements, comments, message/discussion board, chat room, and feedback, 

useful links and resource downloads indicate an extension of existing instructional design 

practices (Kartam & Al-Reshaid, 2002). Particularly, the availability of the BuddyPress-based 

discussion forums on VillageMath makes the platform structurally professional for mathematics 

teachers and educators and learners. This feature is further aided by links for sharing topics 

from the platform to social media platforms such as Telegram, Facebook, WhatsApp, Twitter, 

and LinkedIn, since teachers and educators can extend their professional perspectives to other 

stakeholders within the mathematics education sub-sector (Abah, Age & Okoronkwo, 2018).  

The structure of VillageMath is an inalienable aspect of its Search Engine Optimization 

(SEO) strategy. The structure of the website directs search engines to which pages of the site 

are most important for online searchers. This means the site structure influences which articles 

or posts will rank the highest. Preliminary findings with respect to VillageMath’s site structure 

agree with Van de Rakt’s (2018) assertion that site structure implies how the website’s content 

is organized. The web-based platform for multicultural mathematics resources consists of 

content of related topics, presented on posts and pages. The unique structure of the platforms 

handles how the content is grouped, linked, and presented to the visitor. In this structure, users 

find their way more easily and search engines can index the platform’s URLs. In addition, 

taxonomies like categories and tags, internal links, and navigation toggles available on the 

platform all redirect traffic to the web-based platform for multicultural mathematics resources.   

CONCLUSION 

The web-based platform for multicultural mathematics resources is developed for the 

grounding of culture-based mathematics education and student learning in the beliefs, 

practices, experiences, values, norms, crafts, and language that derive from existing indigenous 

knowledge systems. The aim is to aid the mathematics teacher to easily lead students from the 

world of life to the world of mathematical symbols. The outcomes of this development have 

evidently proven that the VillageMath instructional platform can provide a real-world interface 

that will assist students’ problem-solving, support exploration of mathematical concepts, teach 

dynamically linked representation of ideas and encourage general metacognitive abilities. 
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Given the prospects of incremental development, the fine-grained methodology 

undertaken in this study guarantees improved predictability of the designed web tool. With user 

interfaces customised to support different instructional approaches according to user styles and 

preferences, the resource’s cognitive aesthetics design is adequately targeted at influencing 

end-users’ communication behaviour and emotionally impacting their gratification expectancy. 

The mathematics stakeholders’ appreciation of the cognitive aesthetics built around the culture-

based content is expected to translate into guided discovery, intrinsic gratification, focused 

usage, and enhanced classroom practice. Mathematics teachers across all levels are thus 

expected to transform the learning objects available on the developed web platform, creatively 

building on available lesson templates to implement multi-faceted culture-based mathematics 

education in schools. 

The outcomes of VillageMath’s development have demonstrated that culture can indeed 

become an integral part of every aspect of instructional design, making it important to consider 

social and cultural peculiarities in planning and delivering mathematics instruction. The web-

based platform for multicultural mathematics resources has the potential to humanise 

Mathematics for users and provide a reservoir of resources for training students in conceptual 

understanding, procedural fluency, strategic competence, adaptive reasoning, and productive 

disposition. This study has projected that the designed instructional resource platform is 

positively situated to mediate for mathematics teachers the process of constructing knowledge, 

with emphasis on students’ hands-on activities and indigenous funds of knowledge. 
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