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Abstract 

 
A handful of research has shown the importance of integrating cultural practices that resonate 
with students’ ethnic and background experiences in everyday instruction. Particularly in 
teacher education courses, and in light of the diverse demographics that thrive in schools today 
there has been an unprecedented focus on valorizing the use of community based, culturally 
oriented learning experiences. Notwithstanding the extensive literature that urged the utilization 
of cultural immersion experiences as means of increasing cultural sensitivity for students across 
disciplines, little effort is documented regarding the usefulness of immersion for teaching 
culturally responsive mathematics. The purpose of this research is to document initial, firsthand 
field experiences of graduate mathematics education students while engaged in exploring 
indigenous knowledge systems by immersion in the daily experiences of indigenous cultures in 
South Africa. 
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Introduction 

Indigenous Knowledge Systems (IKS) have been recently established by the international 

world organizations as top global priority for empowering traditional and local 

communities in their striving efforts towards improved and sustainable development, 

particularly in developing countries (Shizha & Kapoor, 2010). Generally, the term 

Indigenous Knowledge (IK) refers to traditional and local knowledge that was coined to 

differentiate the knowledge developed by and within distinctive indigenous communities 

from formal knowledge systems generated by institutions and universities (Semali & 

Kincheloe, 1999), government research centers, and private industry, which is sometimes 

called the ‘Western Knowledge System’ (Maurial, 1999). However, despite its 

proclaimed importance and sound pedigree of recognition for strengthening native 

communities’ preservation of social and traditional capitals towards more independence 
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(Chahine, 2011a), no clear effort has been cited to uncover the contributions of 

indigenous cultures to the development of mainstream knowledge and epistemologies. 

Immersion through studying abroad as a college program is an area where some 

meaningful, but limited, research has been published. While the particular focus of 

studying abroad as a program that facilitates language acquisition and exposure to 

international conexts has been researched, limited investigations have been attempted to 

explore the effect of immersion on teaching and learning mathematics. 

This study capitalizes on the role that IKS play in exploring successful and meaningful 

practices to teach mathematics in nonconventional contexts (McQueen, Goings, Shaheed, 

& Chahine, 2010). In this study, we argue that immersing students in indigenous cultures 

will acquaint them with a broad spectrum of knowledge systems and structures, which 

covers a plethora of contents and contexts that incorporate mathematical artifices. These 

structures include indigenous music, architecture, mural decorations, indigenous games, 

beadwork, weaving, cultural artifacts, and other social systems and practices. 

This study is part of a newly designed course uniquely offered at an urban, highly diverse 

university in the southeast. The course particularly focuses on teaching an emergent field called 

Indigenous Mathematical Knowledge Systems (IMKS) through cultural immersion in 

indigenous contexts (Chahine, 2010, 2011b, 2012). The primary purpose of the course is to 

examine how different cultural groups interpret mathematical concepts in ways that are quite 

different from what we might expect from typical mathematical texts. This instructional 

experience dovetails two components: 

Component 1: Class work. In this component, students and in-service teachers 

investigated mathematical ideas inherent in cultural activities such as creating calendars, 
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art and decoration, divination, and counting schemes. Students were also introduced to 

IMKS as a program of study and they further explored the implications of integrating 

such a program in the school curriculum.  Connections between IMKS and mathematics 

education in schools are also emphasized. Students also examined the epistemology of 

IKS and explored various paradigms that support the cultural basis of mathematical 

knowledge. The class met on campus once per week for two and half hours and the in-

class activities were conducted over a period of 12 weeks.  

Component 2: Cultural immersion. This component afforded students firsthand field 

experiences to explore IMKS by immersing students in the authentic daily experiences of 

master crafts people and knowledge holders of vital indigenous technologies. The 

primary purpose of the immersion component was to provide an alternative lens to view 

mathematics that transpires in the workplace with greater precision. Students traveled to 

several destinations in South where they visited artisan markets, cultural villages, 

museums and many historic sites.  During the site visit, students explored the integration 

of hand and mind tools that indigenous cultures continually employ to plan, 

conceptualize, visualize and execute myriad activities as part of their daily practices. 

They also investigated the problem solving behavior of craft masters and apprentices in 

their traditional work environment and examined various heuristics that emerge in the 

process. The goal of this experience was to help students develop awareness and 

appreciation of the complex dynamics that instigate the emergence of mathematical tools. 

The ultimate aim of the immersion intervention is to encourage students to think more 

critically and humanely about what it means to do mathematics in contexts characterized 
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by high tolerance to risks and uncertainties. Students conducted their research activities 

off-campus as they visited several locations in South Africa for the duration of ten days. 

To motivate critical thinking, we employed various educational modalities in the on-

campus portion of the course including small group inquiries, whole-group discussion, 

problem-based investigations and tiered assignments. For the immersion component, 

students engaged in participative forms of inquiry investigating ideas that transpired in 

out-of-school settings. Throughout the course, students were encouraged to experiment 

with innovative ideas, to make their experimental thinking public, and to develop new 

epistemologies that guide the teaching and learning of nonconventional mathematics. 

Students’ effort was evaluated based on the intellectual merit of their research projects, 

the investigative procedures they developed during fieldwork, validity of their claims, 

and communicability of their research accounts. 

Purpose of the Study 

This study examined graduate students and mathematic teachers’ reflections on an 

immersion experience that facilitated first-hand observation of the mathematical ideas 

that emerge across indigenous cultures as creative expressions of human thought. The 

primary goal of this immersion was to offer students a transcultural experience as they 

explored the realities of knowing and doing mathematics amidst contextual challenges. 

We argue that a critical implication of immersion in indigenous practices is to sensitize 

students to the delicacies of what it means to be part of a different cultural fabric, leading 

to their appreciation of various modes of thinking across cultural boundaries.  

The role of Indigenous Mathematical Knowledge Systems (IMKS) is paramount for the 

survival of many South African citizens particularly in the countryside. This study 
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introduced students to an assortment of tacit, implicit and explicit mathematical 

knowledge, skills, which people in a particular geographic area possess, and which 

enable them to get the most out of their environment.  

Theoretical Framework 

The study is principled by two paradigms: Embodied, Situated, and Distributed 

Cognition (ESDC) and Activity Theory. The basic tenet underlying ESDC as an 

epistemological  paradigm is the view that cognition is physiologically embodied, 

socioculturally situated, and ostensibly distributed among individuals (Anderson, 2008). 

Within the ESDC paradigm, we argue that student cognition can be motivated and 

embodied by their abilities to use multiple modalities and translations within and 

between such modalities. This assumption coalesced with an overarching conjecture that, 

during immersion, students will be able to employ multiple modalities as “instruments of 

thought” to assimilate and reflect on knowledge systems inherent in indigenous contexts. 

Moreover, through collaborative group work activities, we argue that students can 

distribute and externalize their thinking by deliberating and sharing their understanding 

among their peers and other community members participating in immersion.   

The second theoretical framework is Activity Theory (AT), which has at its core the 

subject-tool-object triad built off Lev Vygotsky’s (1978) expansion of the basic stimulus-

response relation fundamental to behaviorist models of psychology. However, Leont’ev 

(1978, 1979) developed first-generation Activity Theory that refined the meanings and 

relationships of the components of the triad shown in Figure 1.  For Leont’ev, the 

meaning of subject was broadened to give more attention to a collective subject – a group 

of individuals acting upon a common object.  This concern for the collective subject 
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Figure 1: The Triad of 1st-generation Activity Theory 

means that Leont’ev explored complex activities, where different actors need to engage 

in separate actions in order to transform the object into the desired outcome of the 

activity.  The efforts of all individuals are directed towards such transformations, but in 

order to address the differences between the individual and the group forms of such 

efforts, Leont’ev distinguished three levels of efforts.  At the highest level, there is the 

group activity in which the transformation of the object into the outcome is driven by the 

over-arching group motive. At the intermediate level, this transformation is directed 

towards the attainment of an individual’s goal (which may or may not contribute directly 

to achieving the motive); and at the lowest level, there are subconscious operations which 

are influenced by the conditions under which the activity takes place and can contribute 

to realizing goals and motives. 

 

 

AT framework is guided by the belief that thinking and doing are inseparable –a central 

assertion of AT, which assumes that our knowledge of the world is mediated by our 

interaction with it, and thus, human behavior and thinking occur within meaningful 

contexts as people conduct purposeful goal-directed activities (Nardi, 1997). Using AT 

framework, we focused on the premise that subjects, i.e., IK holders and teachers acting 

in different contexts, i.e. community and schools, both create and represent their 

intentions and desires as objects, while the tools (i.e., concepts and artifacts) used in this 

process mediate goals between groups’ (Kaptelinin, 2006). Activity theorists suggest that 
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knowledge is socially situated or context bound because social interactions are 

fundamental and inseparable from the development of ways to think, understand, or 

mediate mental activity (Stetsenko, 2005). This perspective aligns with IKS epistemology 

and calls for a focused consideration of the teaching context in which meaningful 

learning emerges in situ.  

Within an AT framework, we studied the activity comprising those actions undertaken by 

IK holders and teachers while interacting with different tools which they normally use in 

their respective work environments, i.e. community and schools. Specifically, we 

investigate how immersion in cooperative activities could arguably motivate IK holders 

and teachers to engage in knowledge production that ultimately serves their community 

and schools. The AT framework afforded a rich description of activity systems that 

emerge as IK holders and teachers employed different tools to mediate their activities and 

reach their objectives. Since AT incorporates socially organized human activity as the 

major unit of analysis, we believe that AT methodology is well positioned to capture the 

totality of activities undertaken by IK holders and teachers while interacting during 

professional development. 

During the study, we drew on the relationship between these elements (tools, subject, and 

object) as our participants engage in a set of activities, actions and operations conducted 

during immersion. 

Methodology 

Research methods and data collection 

Participants. The participants in this research study included 14 graduate students and 

high school mathematics teachers who travelled to South Africa on a study abroad 



Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336	
	

57 

program. The 10-day immersion program is part of a 3-credit graduate course on 

Indigenous Mathematical Knowledge Systems; a repeatable course required of graduate 

students in the mathematics education program and is offered twice per year.  

Data Collection and Procedure. We conducted a 4-month qualitative study during a 

course on IMKS that included a highly integrated immersion experience (i.e., students 

living with host families) in South Africa. We employed two data collection techniques to 

examine graduate students’ reflections on the immersion experience: collection of 

artefacts including photos and reflection journals, and informal conversations.  

At the beginning of class, students were informed of the purpose of the trans-cultural 

experience and the duration of the program. Students were asked to voluntarily 

participate in a research study that will examine their internal reactions and personal 

reflections vis-á- vis the study abroad program. Prior to immersion, students attended a 

week long orientation on campus during which students were informed of the logistics 

related to travel, research, and program implementation.  

During immersion in South Africa, students spent 4-6 hrs per day observing the artisans 

practices in the market place and reflecting on the mathematical ideas that emerged in 

situ. Accompanied by the researcher as the immersion director and course facilitator, 

students were continuously encouraged to observe, explore, and acculturate into the 

authentic host culture to understand and make meaning of the local community daily 

practices. Students were assigned to different sites and were specifically encouraged to 

particularly focus during their observations on capturing those nuances in which 

indigenous communities are involved in a process of mathematizing. Students were also 
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asked to keep a daily journal to document and reflect on their lived experiences during 

immersion.  

The focus of immersion was to engage students in an intense action research experience 

to explore mathematical ideas prevalent in numerous practices in indigenous contexts. 

During immersion, students were presented with several opportunities to immerse 

themselves within several indigenous societies including the Zulu and Ndebelle 

communities and to explore their heritages by visiting local museums (Phansi, Campbell, 

Vukani, etc.), and other historic sites. Students also explored myriad social networking 

settings such as campfire storytelling and other practices that facilitated knowledge 

transfer to younger generations in an effort to preserve strategies fundamental for survival 

in native ecological niches. Students also engaged in open dialogues with the knowledge 

holders, who are elderly key figures in the community who learned and mastered the 

elements of those knowledge systems despite the ever-changing societal, political, and 

environmental circumstances that attempted to disintegrate traditional indigenous 

structures. Students visited a number of Zulu cultural villages in South Africa that 

preserved the traditions of authentic south Zulu civilization, such as the Lesedi Village, 

and investigated a number of various Zulu artwork forms prevalent throughout the 

village. For example, students examined the significance of numerous geometric designs 

and strip patterns that thrive in the traditional Zulu craftwork by studying the 

mathematical ideas inherent in a wide variety of authentic crafts including clay pots, 

basket ware, utensils and clothing. During the immersion experience, students were asked 

to document their encounters as they consciously view, actively participate, and critically 

reflect on how other cultures use and develop their own mathematics to respond and 
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make sense of their world. Students recorded their reactions and reflections in their daily 

journals. Upon returning from the trip, students' journals including their reflections were 

collected for inspection and analysis. After immersion, students completed a critical 

reflection paper describing their immersion experiences and comparing their newly 

gained knowledge and experience as a result of immersion to preconceived notions and 

dispositions before the immersion. The culmination in written and oral presentation of 

students’ work to faculty and peers took place during the final week of class. Some of the 

projects were presented at national and international conferences. (Bass, 2010; Byrd, 

2010; Frazier, 2011; Johnson, 2011; Porter, 2011; Smalls, 2011).  

Analysis and Results 

We used the open coding procedure using grounded theory research design (Strauss & 

Gorbin, 1998) to analyse students’ reflective narratives and journal writings. Using this 

approach, the qualitative data was subjected to several stages of analysis. First, an initial 

in depth reading of the written scripts was conducted to allow familiarity with the 

qualitative data. Second, a coding system was identified to facilitate the organization and 

clustering of specific terms in the narratives. Third, potentially important variables that 

capture students’ internal reactions to the immersion experience were extracted and 

further clustered into categories and subcategories. Since research on the effects of 

cultural immersion in the field of mathematics education is relatively new, identifying the 

latent variables that describe students’ experiences during immersion is invaluable. 

It is worth noting that the analysis of the findings of this study does not focus on 

outcomes such as improved test scores, but rather on the lessons, conflicts and stories that 

were created along the way and that affected students’ conceptualization of the nature of 
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mathematical knowledge from an IKS perspective.  We employed the AT subject-tool-

object triad for coding the data in preparation for analysis. We argue that learning 

emerged from processes, interface, content, and attitude shifts that occur at the junction 

of the AT triad. 

We conducted the data analysis on several levels: 

1) Participants’ initial reactions to the immersion experiences and their appreciation 

of transcultural encounters.  

2) Participants’ learning as a result of engagement in indigenous practices and the 

consequent impact on their cognitive, affective and socio-cultural norms. 

3) Students’ willingness to transfer what they learned during immersion to their 

mathematics classrooms. 

Results of the qualitative analysis revealed several interconnected themes that 

emerged and viewed through AT lens.  

Theme 1: Two Communities, Two Activity Systems 

As members of the formal, school community, participants who are mathematics 

teachers, perceived immersion as a way to explore new means to enact some changes in 

their teaching practices and in their activity systems, i.e., schools, to better support their 

understanding of mathematics. As such, they viewed their students as the object of their 

activity and student learning the outcome sought. The primary artifacts that mediated 

teachers’ student-oriented activity included curricular resources such as unit and lesson 

plans, instructional media, and technologies (Suthers, Yukawa, & Harada, 2007). In such 

activity systems, we argue that mathematical knowledge is perceived in isolation, 

disengaged from the environment and detached from authentic real life contexts.  
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On the other hand, IK holders and practitioners are community members and elders that 

are holders of traditional knowledge and resources that are transmitted orally (stories and 

explanations) (Chahine, 2013). As members of local communities, practitioners and IK 

holders employ their indigenous practices in everyday activities to facilitate the 

resolution of day-to-day issues. The object of their activity systems is survival and 

adaptation to continuously evolving situations. As such, indigenous communities are in 

constant learning modes appropriating variety of artifacts including hand and mind tools 

to navigate the world around them. Such tools are typically the results of generations of 

observation, trial, and experimentation.   

During immersion, IK holders and graduate students interacted with each other 

exchanging ideas to create and represent their goal directed activities using numerous 

tools. We argue that, as a result of immersion, a collaborative partnership between IKS 

holders and teachers emerged, which helped motivate, inform and empower both parties 

to address priorities related to their activities (See Figure 2). 
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Figure 2. A depiction of a collaborative partnership between IK Holders and students as a 
result of immersion. 
 

Theme 2: Self-reflexivity and pedagogies built through global connections 

Overall, students felt that the immersion experience enriched them culturally, linguistically, 

academically, and personally. The perspectives students gained on the nature of mathematical 

thinking were considered useful in informing their future instructional decisions and the range of 

experiences they offered their students.  For example, one student noted: “we also participated in 

a workshop where we had to create beaded items, which was a challenge for me. I reluctantly 

went into the workshop because I was never good at arts and crafts growing up and I just didn’t 

like it. I was ready to give up before I even started. This experience reminded me of how many 

students must feel about mathematics, but many times the fact is that it’s not that the content is 
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too hard for them to learn, it’s just that their attitude and their perception of their teacher’s 

attitude towards them as learners impacts and impedes their growth and understanding. So, as 

educators, we really need to be mindful of how we approach and act towards our students when 

they struggle to grasp a concept.” Also, another student explained: “The next day, we walked 

around the village and participated in a carpet-weaving workshop where we each had the 

opportunity to weave the carpet with the help of the master weaver. Thankfully, I had 

great teachers, some of whom didn’t even speak English, but we were able to 

communicate and understand each other well. I felt more comfortable this time around 

and I enjoyed the experience much more. This further highlights the fact that the 

teacher’s attitude towards the student greatly impacts their success.” 

Theme 3: Appreciation of mathematics as a creative expression of worldviews  

Engaging in the humanity of indigenous communities and participating in their daily 

practices promoted students’ respect of cultural heritages and strengthened a belief that 

all people are capable of doing mathematics in their own unique and personal 

perspectives. Students experienced the generosity of indigenous people, especially 

Elders, who welcomed them, appreciated their diversity and shared their teachings. To 

illustrate, one students argued: “When I was conducting my observations [of beadwork] I 

began to realize how mathematics played a large part in the work that we were doing, but 

there were also so many other important aspects at play here. Some of these aspects 

included teaching, cultural practices and navigating language barriers.” And another 

student explained: “Impressively enough a simple form of mathematics was used in the 

counting of the beads and the pattern of the sequence of beads collected yet the real skill 

came in the knots and how those beads were strung together to form the bracelet. It took 

great insight to be able to visualize what the design would look like. And then to be able 
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to translate that into easily followed instructions in a second language was noteworthy. 

They made sure to keep the pattern somewhat simple and used counts that were under 

five beads to construct the bracelet, which is a teaching strategy found in most education 

programs. Keep it simple and break the information into small chucks so that the students 

can understand. I believe that is a great example for teachers in general and a good 

example of ethnomathematics at work.” 

Discussion 

Investigating the impact of using indigenous techniques and practices to investigate 

relevant concepts in the mathematics classroom is an emerging research interest. Ample 

research has shown the importance of integrating cultural practices that resonate with 

students’ ethnic and background experiences in everyday instruction (Jurdak & Shahin, 

1999; 2002; 2011; 2012; Ascher, 2002; Presmeg, 2007; Noss, Hoyles, & Pozzi, 2000). 

Furthermore, extensive research has urged the utilization of cultural immersion 

experiences as means of increasing cultural sensitivity for students across disciplines. 

Particularly in teacher education, the value of using community-based learning has been 

heightened in light of the diverse demographics that thrive in schools today. In 

mathematics education, the yet unseen value of immersion experiences transpires 

inadvertently when participants consciously view, actively participate, and reflect upon 

how other cultures use and develop their own mathematics to respond and make sense of 

their world.    

Building on AT paradigm, we sought to understand how much the immersion experience 

upset students' existing equilibria, requiring fresh adaptation toward a higher 

developmental level. Using the AT paradigm, our charge in this study was to provide 
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evidence supporting the embeddedness of a thinking-in-acting model as a fundamental 

framework that explains and supports students’ learning. Specifically, the range of 

research studies that the students report at the completion of the course provided evidence 

of the role that immersion played in enhancing students’ procurement and understanding 

of the mathematical concepts and problem solving strategies that indigenous people 

employ in their daily practice.  

The study produced interesting results on the scale measuring development in ways of 

thinking and learning. Usually in our teacher preparation courses, we see students 

typically progress from a simple, more absolute understanding of the nature of 

knowledge and academic authority to a more complex and contextual understanding. We 

found that students who participated in the immersion experience showed growth toward 

the belief that developing one's own point of view is important, and that it is important to 

seek an interdisciplinary approach to knowledge. Additionally, we noticed that students 

returned home with a reduced tendency toward dualistic thinking and an inclination 

toward the related belief that there are no absolute right or wrong answers, good and bad 

information, as well as sources thereof.  

Experiencing IMKS through cultural immersion emphasized the importance of unfolding 

various knowledge systems inherent in the cultural practices of indigenous communities. 

We argue that this immersion experience afforded an intellectual landscape for students 

to: 

• Develop an awareness of and appreciation for IKS as a well-founded research 

model delineating those cross-generational endeavours aimed at investigating and 

understanding the physical world.  As such, the immersion experience afforded 
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students opportunities to explore a broader conceptualization of what counts as 

mathematics.   

• Examine research areas in mathematics education that integrate race, ethnicity, 

social class, and language issues. By observing IK holders, students experienced 

upfront the unfolding of those culturally embedded mathematical competences, 

which empower communities and grant them opportunities for survival and self-

development. 

• Employ multiple, malleable approaches to teaching and learning mathematics 

inspired by mathematical ideas that emerge in the workplace. 

• Use real world problems as opportunities for reflective thinking. By exploring 

mathematics via tasks, which come from the workplace and everyday settings, 

students were able to discern the relevance of mathematical concepts and hence 

teach it in meaningful ways.  

The position of this paper is that immersion in indigenous contexts provided an 

opportunity for graduate students and mathematics teachers to expand their understanding 

of mathematical ideas that emerge from different worldviews. Such understanding 

provided firsthand experiences to explore mathematical structures inherent in indigenous 

practices thereby valuing the diversity and complexity of indigenous knowledges. We 

contend that encouraging teachers to participate in study abroad experiences that focus on 

exploring mathematical knowledge systems of indigenous communities could broaden 

their perspectives regarding the nature of mathematical knowledge and how best to teach 

it. A direct implication of affording teachers opportunities to explore mathematics across 

worldviews is to be mindful of the fact that children from diverse backgrounds have 
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different modes of thinking, possess diverse perceptual abilities and spend differential 

efforts on tasks depending on personal criteria, which they deem useful. Such perspective 

will help teachers design novel models for teaching mathematics in meaningful, 

engaging, and self-directed ways.  
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