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ABSTRACT

While South African curricula require the incorporation of
Indigenous Knowledge (IK) into Science, Technology, Engineering,
and Mathematics (STEM), it is not clear what IK educators
should include in STEM. The onus is on lecturers to decide what
exactly should be taught and what pedagogy to use. The purpose
of this discourse is to explore the integration of IK into Western
knowledge (WK) using virtual space. The discourse is about the
challenges of using virtual space to increase the applicability of IK
in STEM subjects at schools and institutions of higher learning.
These challenges emanate from IK being tacit and not digitized,
place-specific, and incompatibility with WK. The IK knowledge
is with custodians who share it with their few selected children,
which makes it less accessible to schools. Also, because of a lack
of curriculum clarity of what is available either in print or in digital
formats that can be taught and assessed, there is a lack of skills in
IK teaching, educators’ negative attitudes towards IK, and a lack of
learning materials to support learning. Despite these challenges, the
Information, Communication, Distribution, and Transaction (ICDT)
model and the Indigenous Institutional Theory (ITT) can be blended,
forming Valorizing Indigenous Knowledge (VIK) to integrate IK in

STEM. Hence, the impossible mission can be possible.
Keywords: Integrating, Virtual Space, Curriculum, Indigenous Knowledge, Western
Knowledge, Education, Distance

Introduction

After independence in 2004, the Cabinet
of South Africa advocated the integration
of Indigenous Knowledge (IK) in science,
Technology, Engineering, and Mathematics
(STEM) (1). The IK inclusion comes from
the background of earlier curricula that
were based on ratio segregation (2). During
apartheid, Africans were restricted to “Native
Education” through the Bantu Education Act
of 1959 (3), while the other races had a different

curriculum. Hence, in the dispensation of
democratic South Africa, it was necessary
to harmonize these curricula to cater for all
people regardless of their race to enhance
transformation. Jansen and Taylor stated that
post-apartheid curriculum reforms address
the injustice of apartheid curricula (4).

The transformation started by merging 19
educational departments into a single entity
(5). This was followed by the implementation
of Curriculum 2005, which was characterized
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as the “Outcomes Based Education” (OBE)
curriculum (6). In 2002, OBE was replaced
by the National Curriculum Statement 2002
(NCS), which was followed by the Revised
National Curriculum Statement (RNCS). The
latter had many specific aims and focused
more on learner activity and administrative
dictates that were hard to implement. In 2012,
the Curriculum Assessment Policy Statement
(CAPS) was introduced as a revision of
NCS (7). This new framework streamlined
the curriculum by reducing the number of
specific objectives from several in previous
versions to just three in CAPS. Notably, the
incorporation of IK was a requirement across
Curriculum 2005, NCS, RNCS, and CAPS.

To implement any curriculum, teachers
need to embrace the content. Also, learning
materials need to be readily available to
support learning. For instance, virtual space
could be used to make IK more visible than
what it is currently. Virtual spaces provide
visualizations of different people engaging
in various tasks. Hence, teachers could be
trained on how to use virtual space capacities
to link with custodians of IK in various
communities where they work. To date, IK is
not available in virtual space, and teachers are
not trained to use it to integrate IK in STEM.

Virtual space based on the ICDT
Angehrn’s model (8) includes four spaces:
Information, Communication, Distribution,
and Transaction. Information deals with
the visibility of available knowledge.
Communication relates to the dissemination
or exchange of ideas to various sectors.
Distribution is about sending out the available
services to wherever they are needed.
Transaction is committing to perform a task,
and in this model, it is to ascertain that IK
knowledge is traded like a commodity, which
is the giver and the receiver.

Teachers educated in Western science find
it hard to decide which IK in their local area
to include in the science curriculum and do
not engage in the ICDT model. Consequently,
the askew content favours Western science
in STEM (9). The IK epistemologies are not
incorporated into STEM classes (10, 11),
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resulting in a gap between what is learned
in STEM classes and the knowledge applied
in communities (12). The Department of
Education has conducted workshops to assist
teachers in coping with curriculum changes,
but no clear integration of IK into STEM has
been laid down for teachers to follow. Also, no
learning materials to support the integration
of IK into STEM. 1t is in this backdrop that
the author asks: Is using a virtual space-based
model to integrate IK into STEM a mission
impossible?

Methods

An inductive research design (13) was used
in a qualitative approach to literature obtained
from Google Scholar related to IK, virtual
space, and STEM. The domain and method
theories were the theoretical frameworks used
to analyze key concepts related to the topic
(14). The domain theory was used to draw
new perspectives from the selected literature
(15), while the method theory enhanced the
generation and the use of a model to explain
a phenomenon regarding integrating IK into
STEM using virtual space.

Results
Placing IK on the Same Level as Western
Science

While IK is good to integrate into STEM
classes, there are areas where educators
are challenged to examine and decide IK’s
worthiness in the science classroom, especially
when there is no model to guide their actions.
Educators could use “Knowledge Audits” in
their communities to collect information.
Knowledge Audits involve an examination
of sources of information and the perceptions
of unmet needs (16). Auditing knowledge
constitutes three components: 1) the process
that brought the knowledge into existence,
2) the evaluation of knowledge before it
is transferred, and 3) the evaluation of
knowledge during and after the transfer (17).
Tong (16) suggests that one needs to develop
clear strategies like the ten-point strategy to
understand and use knowledge effectively.
Similarly, the merging of Indigenous
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Institutional Theory (IIT) and the ICDT
model can offer an avenue for integrating IK
into STEM.

Few IK may be used in the science
classrooms without modification to elicit
myths in that knowledge. A few cases in point
are cited in this paper. “The eating of red soil
(orant-hill soil) by expectant mothers improves
appetite and enhances the development of
the fetus; eating the large African bullfrog,
Pyxicephalus adsperus (commonly known
as scoco in siSwatli, tshidula in Tshivenda,
and segwagwa in Sepedi - the Moletji area),
makes a person to live longer than expected”
(18). Educators should refrain from taking
IK as myths to develop lessons to use in the
science classroom. Again, the challenge is
that very little IK is documented because it
resides in humans as custodians.

Integrating IK in STEM Institutions
Integrating IK in STEM presents a myriad
of insurmountable challenges. IK is tacit
knowledge that is difficult to communicate,
formalize, and digitize to fit the ICDT model
due to its high context-specific and place-
specific nature (19). Hence, it is challenging
to transfer from one context to another,
making it unsuitable for different contexts.
Virtual space could be used to show the
real context for the receiver to cognate the
essence of that IK. Other challenges include
a lack of IK-trained teachers, a lack of
curriculum clarity regarding what to teach
and not teach, educators’ negative attitudes
towards 1K, some areas of incompatibility
of IK with Western science, and the absence
of learner support materials (18). In addition,
there are epistemological issues where IK is
gained as subjective acquired as a whole and
holistic societal knowledge, while Western
science is acquired individually as objective
knowledge through experiments. IK uses try-
and-error methods to ascertain the efficacy of
its knowledge that sustains the community.
IK is well understood in the African adages:
“It takes a village to raise a child”, and “One
white ant does not build an anthill” (20),
which makes sense when one considers
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IK in Africa, where the community shares
collective roles.

What is often observed in schools is
that Western Knowledge (WK) dominates
teaching and learning, research, staff
development, and student support. It is no
wonder educators were unclear as to what was
expected of them in teaching and learning
in the OBE classroom (21). Some educators
are of the opinion that IK should supplement
WK, and others think that African IK should
just be referred to in a few specified instances,
such as when giving examples and names that
learners are not familiar with in WK. Such a
practice may further alienate the integration
of IK knowledge into STEM, cascade low IK
in the NCS, and sustain the WK hegemony
in STEM.

While debates rage on, it is not just
about one issue, but it is a set of lifestyles
with dynamic belief systems that sustain
communities. Most of the knowledge is with
individuals, and it needs to be digitized.
Virtual space could be a giant step towards
valorizing IK. Also, it is unclear from the
NCS and higher education institutions what
percentages should be allotted to IK and WK
in the science classroom curricula. An ideal
model to put IK and WK at the same level of
emphasis during curriculum design is shown
in Figure 1.

Figure 1 ideal model is in line with IIT
(22), which combines two exclusive theories:
the Indigenous Knowledge Standpoint
Theory (IKST) (23) and the Institutional
Theory (IT) (24). IKST consists of a cultural
interface, where IK and Western science
are used intricately; indigenous agency,
where individuals cling to beliefs; and
constant tensions involving pressures of
the indigenous versus non-indigenous (23).
Thus, IKST deals with IK in its holistic and
spiritual contexts. Nakata states that “it is a
distinct form of analysis and is itself both a
discursive construction and an intellectual
device to persuade others and elevate what
might not have been a focus of attention by
others”. On the other hand, IIT is a multi-
faceted theory (24) that consists of these
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Indigenous Western
Knowledge Knowledge
Curriculum Teaching and Research D Sltaff Student
Development learning evelopment Support
and Training

Figure 1: Ideal model depicting similar levels of IK and WK in STEM
*IK: Indigenous Knowledge; WK: Western Knowledge; STEM: Science, Technology, Engineering, and

Mathematics
Indigenous Knowledge Indigenous Institutional Western Institutional
Stand Theory (IKST) Theory (IIT) Theory (WIT)

- Old and New Institutions

- Resilienceand Community

- Institutional Commitment - Indigenous Organizatio
Entrepreneurship - Indigenous Leadership - Constant Strains
- Institutional Logic - Institutional Rhetoric

Information Virtual Space for Communication
Valorizing Indigenous
Knowledge in society
Transaction Distribution

- Cultural Boundary

Integrating Indigenous Knowledge into the classroom though Virtual Space

Figure 2: Valorizing Indigenous Knowledge to be integrated into STEM
*STEM: Science, Technology, Engineering, and Mathematics

notions: 1) suppleness and communal
commitment, 2) Indigenous governance,
and 3) institutional oratory (22). Resilience is
crucial for indigenous individuals operating in
Western-oriented institutions (25). Although
leadership is defined differently, one point
that is clear about leadership is striving to
make all individuals in an institution reach
desired set goals (26). Institutional rhetoric
affords the assessment of the institutional
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agenda regarding IK, which can lead to
review processes.

IK information needs to be popularized
and valorized, communicated, transacted,
and distributed, which are part of ICDT.
Both learners and teachers are accustomed
to the hegemony of Western science and
often underestimate 1K (27). Culturally,
knowledgeable learners understand the
relationship between the African worldviews
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and the way that knowledge is formed and
used in the community. The challenge is
how IK is valorized within the communities.
To give you an idea, during the COVID-19
pandemic, some Africans used their IK
decoctions to treat COVID-19 symptoms,
and lives were saved. To date, such mixtures
are not documented and cannot be valorized
in a wide community.

The following model aims to popularize
IK in STEM (Figure 2). This model deals with
Indigenous Knowledge Stand Theory (IKST),
Indigenous Institutional Theory, and Western
Institutional Theory (WIT). It has been adopted
and modified from Angehrn’s model (8) and
Coates and colleagues’ work (20).

Discussion and Conclusion
Is the Integration of IK in STEM through
Virtual Space a Mission Impossible?

To develop an understanding of the various
IK worldviews that learners bring from their
communities, IK needs to be digitized for a
large audience. The ICDT can assist teachers
in accessing knowledge from IK custodians.
For instance, one may use ICDT to learn how
to prepare a traditional artefact, such as a clay
pot. Teachers using technology could visit the
IK custodian to digitize the process of clay pot
making. Pot making process can be captured
on video, allowing learners to play and replay
the video for mastery. This approach will help
many science teachers who find it hard to follow
heuristic approaches that engage learners in
investigations and inquiry-based studies (28).

Therefore, virtual space can be used to
integrate IK into STEM. The bottleneck is
the unavailability of IK. The author proposed
a model for integrating IK into STEM. It is
essential to note that different parts of the
globe have their IK. Hence, the author’s
question is cosmopolitan. The answer to the
question is: The mission is possible if the
valorization of IK is implemented within the
community and beyond. In addition, Virtual
Reality (VR) blends well with virtual space
and can be used to promote 1K and improve
learners’ motivation (29). Moreover, VR
enhances disabled undergraduate students
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(30), suggesting that it is useful for inclusivity
in dealing with gender and disabled learners
and their needs. Thus, the way forward is to
establish virtual space IK learning materials
based on the valorizing model to enhance
pre-service teachers’ IK. Since there are no
questions set on IK in high-stakes tests in
Grade 12, there is a need to include IK in the
high-stakes assessments in the ratio of 50:50
between IK and Western science. This paper’s
contribution involves integrating IK STEM
and popularizing IK to be included in STEM
high-stakes examinations. This can motivate
learners and teachers alike to take IK in their
communities seriously. Virtual space has the
potential to enhance STEM teaching and to
ascertain how IK from different communities
around the globe can be shared within and
between communities.

This discourse advocates the use of virtual
spaceto learn and teach STEM. It suggests that
the VIK model can enhance the integration of
IK into STEM. As technology becomes more
widespread in South African villages, as well
as the indigenous populations of Alaska,
Canada, Maori, Australia, and other places,
the impact of VIK will be inevitable. The
author contends that the use of virtual space
through VIK can enhance the integration of
IK into STEM and, hence, a possible mission.
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