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Abstract
The investigation was undertaken to explore the possibility
of utilization of buttermilk in chapatti making. Water was substituted
in dough during chapattis making with buttermilk. Buttermilk was in-
corporated in chapattis dough at levels of 0 to 100 percent. The ef-
fect of water substitution was studied on dough handling and quality
characteristics of chapattis. The dough handling was improved with
augmented level of buttermilk. The augmented incorporation of but-
termilk enhanced protein, fat and ash contents in the chapattis so
prepared and therefore, improved their nutritional value. The effect
of various levels of buttermilk on sensory attributes of appearance,
color, flavor, mouth feel and over all acceptability of chapattis was
found to be non-significant except for texture which was found to
improve with increased level of buttermilk inclusion.
Index Terms - Buttermilk, Chapatti, Dough handling, Sensory
characteristics
1. Introduction
Butter milk and separated milk are obtained during the
manufacture of butter and cream respectively. Buttermilk contains
almost all other milk solids except fat, and is produced while but-
ter and ghee are manufactured. Buttermilk has been used in the
preparation of Ice-cream , bakery related products, yoghurt, dahi
and beverages (Chopra and Gandhi, 1989). Buttermilk is a good
source of proteins, carbohydrates, minerals, vitamins A- tocopher-
ol and cholesterol (Tylkin et al., 1975). Production of buttermilk in
India is estimated as 275.0 million kg per annum containing more
than 25.0 million kg milk solids. An increased trend in the use of
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skim milk, buttermilk and whey in western countries for enriching
milk products and as a basis for manufacturing other food prod-
ucts has been observed. Due to urbanization and advancement
in technology, the food habits of people are changing. The trend
is more towards the convenience foods. Therefore, the utilization
of buttermilk in chapatti making will improve the nutritive value of
chapatti at a cheaper rate. In spite of the new technologies hav-
ing being involved full utilization. Different types of bread are made
widely throughout the middle east and the Indian subcontinent (Hui,
1992). So substitution of chhana and paneer whey and buttermilk
in chapatti will not only enhance the nutritive value but will solve the
problem of waste disposal and also help in providing precious nutri-
ents to the health conscious people. The work on the above is very
scanty. Therefore, the present investigation to replace water with
buttermilk in chapatti making was undertaken to utilize buttermilk.
2. Material and Methods

Materials- whole wheat flour and buttermilk were collected from the
local market of Jhansi.

Blend formation-water was replaced in the chapattis with buttermilk
levels of 0, 20, 40, 60, 80, 100 percent.

Steps of Chapatti Making

e Preparation of dough- chapatti dough was prepared by mix-
ing 100 gm of flour with the predetermined amount of water
for 3 minute. It was allowed to rest for 15 minute.

e Rolling the dough- The dough was divided into four equal
proportions. It was rounded in to a ball and placed in the
centre of a specially designed platform. The dough was
rolled to uniform thickness with a wooden rolling pin, to a
circle 15 cm in diameter.

e Baking of chapatti- the chapatti was baked by traditional
method on cast iron skillet (tawa)for 60 seconds giving first
and second turning after 15 to 30 seconds, respectively, al-
lowing each side to bake for equal time.

e Chapatti Storage- four chapattis were packed in a polyeth-
ylene bag and heat sealed. All samples were stored at 22 C
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temperature and 55 percent relatively humidity.
e Physico- chemical characteristics of chapattis- The protein
content of flour was determined by Kjeldahl method AOAC
(1984), using a nitrogen to protein conversion factor of 5.71
for wheat. Moisture, fat, ash and crude fibre in the sample
were estimated according to AACC (1990) methods. Phos-
phorus and iron were determined by colorimetric method as
described by AACC (1990), while calcium was determined
by AACC (1990) method, after precipitating Gluten content
of plain and blended flour was determined according to the
methods of AACC (1990). Pliability of chapattis was deter-
mined as per the method of Verkateswara Rao et al.,(1986)
using a pliability tester. Water Hydration capacity was deter-
mined as per the method of Martin et al., (1991) .
e Sensory characteristics- The Organoleptic characteristics of
chapattis such as appearance, texture, mouth feel and over
all acceptability were evaluated by an untrained panel of ten
judges on a nine-point hedonic scale. Hedonic ranges from
like extremely (9) to dislike extremely (1) for each organo-
leptic characteristic as suggested by Ranganna (2003).
e Storage studies —Chapattis were stored at room tempera-
ture (30-45C) and under refrigeration (2-5C) conditions.
These were judged at regular intervals for shelf life of prod-
ucts.
e Statistical analysis- The data were statistically analyzed a
per the analysis of variance technique using two-way analy-
sis without interaction (snedecor and Cochran, 1968).
3. Result and Discussion

The present investigation was envisaged to utilize the milk
byproducts namely buttermilk in chapatti. The samples of buttermilk
were analyzed for chemical composition i.e., for the estimation of
ash, fat, protein, total solids and sugars. Water was substituted in
the chapattis with buttermilk level of 20, 40, 60, 80 and 100 per-
cent. Effect of buttermilk incorporation on dough handling, physico-
chemical characteristics (moisture, puffing and hydration capacity)
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and sensory score (appearance, texture, mouth feel, and overall
acceptability) of buttermilk incorporated chapattis was studied.

Chemical Composition of Raw Material —The chemical
composition of buttermilk and whole wheat flour (Atta) is presented
in Table 1. Buttermilk contained 10 percent total solids. The protein,
fat and ash content of buttermilk were 3.98, 0.67 and 0.32 percent,
respectively. The values are similar to those as reported by Nutting
et al., (1970). The gluten content was 7.39 percent in whole wheat
flour. The whole wheat flour containing 10.21 percent protein and
1.44 percent ash.

Table - 1 Physic- chemical composition of buttermilk and
whole wheat flour.

Attribute (%) Buttermilk | Whole Wheat flour
Moisture 90 12.09
Total solids 10 87.91
Protein 3.98 10.21
Fat 0.67 1.19
Wet Gluten -—-- 22.23
Dry Gluten e 7.39
Carbohydrate (by 5.03 75.07
difference)

Ash 0.32 1.44
Minerals Mg/100gm
Calcium 406.81

Fe 342

Potassium 265.82

Mg 67.31

Phosphorous 382.11

Sodium 0.12

The minerals content varied appreciably in buttermilk. Calci-
um content of buttermilk was 406.81 mg/100g. Iron content of but-
termilk is 3.42. Magnesium, phosphorous and sodium were also
found in buttermilk 67.31, 382.11 and 0.12 mg/100g, respectively.
Chapatti Making — Effect of replacement of water with buttermilk
on dough making /handling and physic-chemical properties of cha-
patti such as moisture, puffing, hydration capacity, pliability and
overall acceptability are presented in Table 2
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Dough Characteristics and Handling- The replacement of wa-
ter with buttermilk from 0 to 100 percent, proportionately improved
the smoothness and decreased the stickiness of dough . Control
sample of dough was slightly sticky during handling i.e. for ball and
chapatti making . Incorporation of buttermilk at increasing levels
improved its handling by making it smooth and pliable. Moreover,
the dough was devoid of stickiness during mixing, ball making and
sheeting. This was because of incorporation of casein through but-
termilk that eliminated the problem of stickiness (Buchanan, 1979).

Table -2 Effect Of Buttermilk Incorporation On Dough
Handling And Chapatti Characteristics

Replacement (%) | Mixing Ball making and sheeting | Increase in size of brown spots
0 Slighty stickly fair normal
20 smooth, good good fair/slight
40 smooth, good good fair to moderate
60 Smooth and pliable, |good moderate to high
good
80 Smooth and pliable, |very good High
very good
100 smooth and highly | Excellent High
pliable, excellent

Improvement in dough characteristics on addition of milk
solids was also observed by Milosz and kowalczuk (1989) . This
was due to additional moisture held by protein of buttermilk .
Earlier Bilgin et al.,(2006) observed an improvement in dough prop-
erties with the replacement of 50 and 100 percent water with whey
and buttermilk. The improvement was greater with 100 percent but-
termilk. Puffing of chapattis during baking was also improved with
the incorporation of buttermilk. The puffinng improved proportionately
with increase in the amount of buttermilk . However increasing level
of water replacement with buttermilk enhanced number and size
of brown spots. This might be due to enhanced maillared reaction
during baking with increased protein content in dough. To explore
the possibility of exploring WPC as a functional ingredient in Indian
traditional product south Indian parotta investigation were made by
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Inidrani et al., (2007) to study the effect of replacement of wheat
flour with 5, 10 and 15 percent WPC on the dough characteristics of
wheat flour, quality of parotta , and microstructure of baked parotta.
The quality characteristics of parotta showed that the spread ratio
decreased and shear force values increased significantly above 5
percent level. Control parotta and parotta with 5 percent WPC
were soft, possessed thin and transparent layers where as parotta
beyond 5 percent WPC had thick, fused and opaque layers.
Proximate component of chapattis -The proximate components
of chapattis changed with the incorporation of buttermilk as shown
in Table -3. The fat content increased from 0.56 to 1.33 percent by
incorporation of buttermilk and protein from 9.61 to 11.23 percent .
Ash content was also enhanced from 1.31 to 1.86 percent. The fat
content exhibited a high variation consequent upon incorporation of
buttermilk with the CV value being 32.06 %. Similar enhancement
was observed in protein and ash content of chapattis. The overall
mean values as a result of replacements were observed to be 0.86,
9.79 and 1.61 percent for fat, protein and ash contents respectively
with very low values for coefficient of variation.

Moisture content of chapattis - Effect of water replacement with
buttermilk on moisture content of fresh chapattis and changes
during storage is presented in Table - 4 . Replacement of water
with higher percentages of buttermilk added during the dough mix-
ing process though improved the moisture content of chapattis, the
differences were not found to be statistically significant (P<0.01) .
The moisture content of fresh chapattis ranged from 38.06 to 38.46
percent on freshly prepared chapattis, with an increase in the re-
placement from 0 to 100 percent by buttermilk .
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Table -3 Effect Of Water Replacement With Buttermilk On
Proximate Components Of Chapattis.

Replacement (%) | Fat (%) Protein (%) Ash (%) Moisture (%)
0 0.56 9.61 1.31 38.06

20 0.67 10 1.42 38.21

40 0.86 10.32 1.51 38.4

60 1.05 10.64 1.65 38.4

80 1.21 10.92 1.75 38.42

100 1.33 11.23 1.86 38.46

Mean 0.946 10.45 1.58 38.26

Ccv 32.06 5.72 12.97 0.404

Table -4 Effect Of Water Replacement With Buttermilk On
Moisture Content (%) Of Chapattis And Changes During
Storage At Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean CV
0 38.06 36.4 36.24 35.15 36.46 3.04
20 38.21 36.42 36.35 35.3 36.57 3.3
40 38.4 36.52 36.36 35.51 36.69 3.31
60 38.4 36.59 36.47 35.57 36.75 3.21
80 38.42 36.62 36.54 35.69 36.82 3.24
100 38.46 36.71 36.61 35.89 36.92 3.01
Mean 38.26 36.54 36.42 35.52
Ccv 0.404 0.323 0.378 0.744

Chapattis were stored thereafter in polythene bags which
ultimately showed a significant (P<0.01) loss in moisture content
on storage, being minimum in samples containing 100 percent but-
termilk Table - 4. Eaelier Rao et al., (1986) observed negligible
moisture loss in chapattis stored either in a polyethylene pouch
or plastic containers for three days, whereas, those wrapped in
waxed paper showed a considerable loss. it was also observed
that drop in moisture content was significant during storage from
0 to 24 hours, and thereafter a gradual decline was witnessed in
case of buttermilk replacements. The estimates of co-efficient of
variation percent values indicated that variation in moisture content
was higher consequent upon storage than substitution by milk by-
products (Table 6). The findings are in accordance with Kaur and
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Bajwa (2000) who observed that the storage caused a significant
(P<0.01) drop in the moisture content of chapattis with and without
liquid buttermilk which was further followed conventional and mi-
crowave reheating.
Pliability of chapattis— Pliability of chapattis improved significantly
(P<0.01) with the inclusion of buttermilk in the dough (Table 5). It
improved from 4.00 cm to 4.20 cm on conclusion of 100 percent
buttermilk possibly due to additional protein storage of chapattis
also had a significant (P<0.01) effect on pliability. Control chapattis
had a pliability of 1.30 after 72 hours of storage. Pliability of chapat-
tis deceased significantly after 24, 48 and 72hours storage, in all the
samples. After 72 hours it decreased from 4.00 to 1.30 cm in control
and from 4.20 to 2.98 in sample containing 100 percent buttermilk.
This implied that decline in moisture content was more than
twice in control compared to the buttermilk incorporation chapattis.
It was also evident from the results that decline in pliability was
steep from 24 to 48 hours of storage buttermilk replacement . stor-
age period caused high variability in pliability of chapattis reach-
ing up to 53.4 percent in the control sample causing a significant
(P<0.01 ) decline. Similar results were observed in whey incorporat-
ed samples as evident from the CV value.
Earlier, Rao et al., (1986) also observed a decrease in pliability
value of chapatti during three days of storage in waxed paper. Im-
provement to pliability value of chapattis containing milk byproduct
may be attributed due to the presence of phospholipids in butter-
milk and soluble proteins of whey causing more retention of mois-
ture during storage. An investigation was undertaken to study the
effect of refreshening procedures on the quality characteristics of
stored chapattis prepared with and without liquid buttermilk by Kaur
and Bajwa (2000). They observed that pliability of chapattis was
adversely affected after storage. However it improved significantly
(P<0.01) following refreshening.
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Table -5 Effect Of Water Replacement With Buttermilk On
Pliability (Cm) Of Chapattis And Changes During Storage At
Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean cv
0 4 3.36 2.14 1.3 2.27 54.4
20 4.01 3.6 2.4 1.97 2.99 32.25
40 4.1 3.88 2.58 2.5 3.27 25.76
60 4.13 3.94 2.68 2.6 3.34 24.32
80 4.16 3.97 2.75 2.68 3.39 23.03
100 4.2 4.06 2.98 2.98 3.5 18.95
Mean 4.1 3.8 2.59 2.33
CV 1.88 7.01 11.19 26

Hydration capacity — Hydration capacity of chapattis differed sig-
nificantly with levels of buttermilk as also with the storage period
(Table 6 ). Hydration capacity improved with the incorporation of
milk byproducts, whereas it decreased significantly (P<0.01) with
storage. Hydration capacity of control was 2.42 and 2.41 which
increased to 2.46 and 2.44 with incorporation of 100 percent but-
termilk in freshly prepared chapattis, After 2 hours of storage. Con-
trol sample showed a decline of 3.30 percent in hydration capac-
ity whereas; decrease was negligible in sample containing milk
byproduct. The revealed that the effect of storage was significant
(P<0.01) in buttermilk replacements. The drop in hydration was sig-
nificant (p<0.01) only after 48 hours of storage. In an investigation
undertaken to study the effect of refreshening procedures on the
quality characteristics of stored chapattis prepared with and without
liquid buttermilk.
Table - 6 Effect Of Water Replacement With Buttermilk On
Hydration Capacity Of Chapattis And Changes During Storage
At Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean cv
0 242 2.34 24 1.61 22 17
20 2.45 244 2.37 1.9 2.29 36.53
40 2.45 244 2.37 1.91 2.29 36.53
60 2.45 244 2.39 1.91 2.3 36.37
80 2.46 2.46 24 1.91 2.31 36.21
100 2.46 2.46 241 2.01 2.33 30.34
Mean 245 243 2.39 1.88
CcVv 0.577 1.84 0.724 7.52
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Kaur and Bajwa (2000) observed that the water hydration capacity
and soluble solids were found to be affected significantly (P<0.01)
with the storage and refreshening treatments.

Sensory characteristics of chapattis -

Appearance scores - Appearance scores of chapattis have been
shown in Table 7. Appearance of chapattis slightly deteriorated with
the incorporation of buttermilk in the freshly prepared chapattis. It
caused more brownish /blackish spots on the surface of chapattis
during baking on the tawa. However, this effect was not reflected
in sensory scores which did not differ significantly. Analysis of vari-
ance showed that storage resulted in significant (P<0.01) lowering
of appearance scores in buttermilk. The appearance of more num-
ber of brownish /blackish spot on the surface of chapattis could be
because of enhanced maillared reaction due to the presence of
more amino group and carbonyl groups and lactose contributed by
buttermilk.

Table -7 Effect Of Water Replacement With Buttermilk On
Appearance Scores Of Chapattis And Changes During Stor-
age At Room Temperature

Replacement (%) Storage (Hours)
0 24 48 72 Mean cVv

0 7.85 7.56 7.15 7.05 7.4 5
20 7.55 7.56 7.15 71 7.34 3.39
40 7.55 7.49 7.28 7.18 7.37 2.35
60 7.57 7.8 7.15 7.12 7.41 4.47
80 7.57 8 7.7 7.15 7.47 214
100 7.58 7.72 7.42 7.2 7.48 2.95
Mean 7.61 7.69 7.22 7.13

cv 1.55 2.46 1.52 0.77

Incorporation of buttermilk at 80 percent levels had the best effect
on the appearance of chapattis even after being storage for 14
hours.

Texture Score - Incorporation of buttermilk in dough improved the
texture of chapattis, although the effect of incorporation of even
higher levels was found to be non significant (Table 8). Improve-
ment in texture of test chapattis may be attributed to the presence of
phospholipids as a result of buttermilk incorporate on during dough
making. Swortfigure (1962), Hlynka (1964) and Hertz (1965) further
observed that in baked products containing milk solids, hydrated
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casein acts as a reservoir of water necessary for the thermal gela-
tion of starch and continue to function in thus, may retard the stal-
ing phenomenon. This could be another reason for better textured
chapatti having buttermilk/ whey. Storage of chapattis resulted in
significant (P<0.01) deterioration of texture Table 8.

Chapattis became hard on storage and thus obtained poor
rating for sensory attributes of texture. However obtained poor rat-
ing for sensory attributes of texture. However incorporation at 100
percent levels not only improved the texture but also maintained it
up to 24 hours. Baking products have a limited shelf life because
they undergoes staling phenomenon (Kulp and Ponte 1981). The
starch fraction is generally considered as the primary factor for the
staling of bread, progress of which could be measured by measur-
ing crumb firmness (Colwell et al.,1969). Shortening and emulsifier
are known to reduce crumb firmness by binding with starch and
hence, improve the texture. Therefore, the retention of water and
improvement in texture of test chapattis may be attributed to the
presence of phospholipids as a result of buttermilk incorporate on
during dough making.

Table - 8 Effect Of Water Replacement With Buttermilk On
Texture Scores Of Chapattis And Changes During Storage At
Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean cv
0 6.7 7.01 6.02 6 6.43 7.77
20 7.7 7.15 6.4 6.1 6.83 10.55
40 7.56 7 6.82 6.3 6.92 7.5
60 75 7.08 6.69 6.21 6.87 7.97
80 7.79 7.72 6.72 6.28 7.13 10.49
100 7.91 7.87 6.84 6.32 7.23 10.89
Mean 7.53 7.3 6.58 6.2
Ccv 5.78 53 4.8 2.04

Swortfiguer (1962), Hynka (1964) and Hertz (1965) further ob-
served that in breads containing milk solids, hydrated casein acts
as a reservoir of water necessary for the thermal gelation of starch
and continue to function in thus, may retard the staling phenome-
non. This could be another reason for better textured chapattis hav-
ing buttermilk Indrani et al., (2007) explored the possibility of using
WPC as a functional ingredient in Indian traditional product- South
Indian parotta, at 5, 10, and 15 percent. The parottas with 5 percent
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WPC were rated good. The quality characteristics of parotta were
adversely affected beyond 5 percent level of WPC. The micros-
turcture of the top and middle layer of baked parotta with 5 percent
WPC showed that there was a disruption in the continuity of the
gluten matrix.

Mouth Feel Scores- Mouth feel scores of chapattis as affected
by level of buttermilk and storage are presented in Table 9. Mouth
feel scores were not affected significantly (P<0.01) though showed
some improvement as a result of incorporation of milk byproducts
at various levels. However, scores decreased significantly with the
storage (P<0.01) . Incorporations of buttermilk and whey at 20 per-
cent levels reflected best mouth feel scores in the freshly prepared
chapattis.

Table -9 Effect Of Water Replacement With Buttermilk On
Mouth Feel Scores Of Chapattis And Changes During Storage
At Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean Ccv
0 6.28 6.86 6.14 6.05 6.21 2.21
20 7.69 6.84 6.4 6.1 6.76 10.23
40 7.38 71 6.42 6.15 6.76 8.48
60 7.36 7.16 6.44 6.2 6.79 8.21
80 7.3 7.3 6.56 6.2 6.81 7.7
100 6.86 7.32 6.43 6.15 6.51 4.6
Mean 714 6.88 6.39 6.14
cVv 7 4.82 2.15 0.892

Overall — acceptability- over all acceptability scores have been
presented in Table 10 which are simple averages of appearance,
color, texture and mouth feel scores. Over all acceptability of cha-
pattis was not affected significantly with the incorporation of butter-
milk in chapatti dough. However, storage had a significant (P<0.01)
effect in decreasing the acceptability scores of chapattis.

Overall acceptability as a result of storage while incorpo-
rations had almost negligible effect on this trait. Kaur and Bajwa
(2000) investigated the effect of refreshening procedures on the
quality characteristics of stored chapattis prepared with and with-
out liquid buttermilk. The overall acceptability scores were signifi-
cantly (P<0.01) affected with the levels of buttermilk, storage and
reheating process

/2
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Table - 10 Effect Of Water Replacement With Buttermilk
On Overall Acceptability Scores of Chapattis And Changes
During Storage At Room Temperature

Replacement (%) Storage (Hours)

0 24 48 72 Mean cv
0 6.94 7.04 6.44 6.14 6.64 6.38
20 7.64 7.18 6.66 6.36 6.96 8.12
40 7.49 7.19 6.84 6.4 6.98 6.71
60 7.47 7.34 6.76 6.4 6.99 7.15
80 7.38 7.37 6.81 6.45 7 6.54
100 7.15 7.13 6.76 6.42 6.86 5.04
Mean 7.34 7.21 6.71 6.36
cv 3.47 1.75 2.15 1.79
Conclusion

It was concluded that substitution o water with milk byprod-
ucts. Buttermilk facilitated dough handling and baking character-
istics of chapattis improved appearance and texture scores. They
certainly helped improve the quality characteristics and overall ac-
ceptability during storage of the baked products. The augmented
incorporation of buttermilk enhanced protein, fat and ash contents
in the chapattis so prepared and therefore, improved their nutri-
tional value. This suggested a simple and safe way of better uti-
lization of buttermilk rather than dumping into sewers, sea , rivers
and grounds as their disposal is not only a wastage of nutrients but
causes environment pollution as well.
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Abstract

This paper discusses the creation of ethical frameworks for artificial
intelligence (Al) based on Indigenous values around reciprocity,
responsibility, and relationality. Standard Al ethics may be
productively critiqued as reflecting Western-centric frameworks and
values with inadequate consideration of the cultural, social, and
historical contexts of Indigenous peoples. This manuscript
discusses a theoretical and literature-based approach, leading to a
discussion of Indigenous epistemologies as a conceptual foundation
for ethical Al development. The paper positions Indigenous values
territory as part of the fabric of ethical development, and cultural-
pluralistic Al frameworks for ethical Al that emphasise a move away
from individualistic-anthropocentric ethics and as much toward a
relational-community ethics reflexive of the relationship's
communities, formal and informal, have to everything. The concept
of “embedded ethics” in Al development is also reframed from an
Indigenous perspective to suggest its pervasive inclusion at every
stage of the Al lifecycle, from design, research and development, to
deployment and governance. Building an ethical Al framework from
Indigenous values territory involves not only values of relational
accountability, cultural preservation, ecological stewardship, and
recognition of the primacy of Indigenous knowledge systems and
information sovereignty in respect of the development and
deployment of complex systems and knowledge, it also validates
critiques of how issues with Al ethics like bias, transparency and data
sovereignty, can be viewed from an Indigenous perspective and
provide just and equitable pathways and ongoing reconciliatory
solutions. In this paper, case studies demonstrate the applied
relevance of Indigenous knowledge for areas such as environmental
observation, health cultures, and language revitalisation. To
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conclude, this paper advocates for inclusive and participatory
approaches that allow Indigenous communities to act as co-
designers of ethical Al. | assert that integrating Indigenous values in
Al ethics is an ethical responsibility, but also an opportunity to think
about reimagining Al towards collective well-being and sustainability
on the planet.

Keywords: Al, Indigenous Values, Ethical Frameworks, Reciprocity,
Responsibility, Relationality

Introduction

The fast development of artificial intelligence technology offers
hitherto unheard-of possibilities and problems that need careful
ethical analysis to guarantee fair and responsible use (McLennan et
al. 2020). Though most policies overlook the values and viewpoints
of Indigenous people, ethical issues in Al development have become
more and more important and should be included into the various
cultural, social, and financial settings (Morley et al. 2021). This
exclusion can lead to the development and deployment of Al that is
culturally inappropriate, insensitive, and perpetuates exists biases
and inequities, negating the potential of Al to benefit all members of
society (Khan et al. 2022). Thus, the overall argument discussed in
this paper is that designing and developing Al systems founded upon
the Indigenous values of reciprocity, responsibility, and relationality,
can lead to more ethically sound and culturally relevant Al
development (Williams et al. 2022). In this case, reciprocity is a two-
way exchange between humans and Al systems where Al is
beneficial to all parties and not being exploitative or marginalizing
(Ferrer et al. 2021). Responsibility puts emphasis on being
accountable for the design, development, and deployment of Al with
the intent to minimize harm and maximize positive outcomes for
others today and in the future. Relationality highlights the
interconnectedness of living beings and landscapes and will
encourage the application of relationality in Al in a manner that
respects and protects those relationships toward sustainability and
ecological balance.

The paper addresses the existing ethical guidelines related to Al and
their failures to directly address the specific challenges of
Indigenous Communities. The proposed framework accounts for
Indigenous values as part of the Al development life cycle - we call
this "embedded ethics" in which ethical deliberation is active at the
front-end (McLennan et al. 2022). In this paper we will explore the
philosophical features of Indigenous values and how they are used
in practice as part of an Al development endeavour. This perspective
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would push the development of Al toward processes that would not
only have advanced technological consideration but also sound
ethical judgement, culturally sensitive engagement and a socially
responsible approach to outcomes. We cannot ignore the
considerations of bias and ethical implications of an Al system in
terms of fair access, equity, and response to responsible technology
use (Saheb & Saheb 2024). The paper will look at meaningful case
studies where values from Indigenous Peoples developed
technology, suggesting best practices and lessons learned. The
intention of this research and engagement is to develop a more
inclusive and ethical Al approach by introducing Indigenous values
to a landscape that may be ethically practiced in recognizing cultural
diversity, supporting social justice, and creating reciprocity in all
engagement with communities.

Literature Review

Though a major gap still exists in addressing the ethical dimensions
unique to different cultural settings, especially those of Indigenous
people (Diantama 2023; Luengo-Oroz 2019; Saheb & Saheb 2024),
the growing field of Artificial Intelligence ethics has seen a surge in
rules and principles suggested by various organisations,
governments, and technology companies (Diantama 2023).
Western-centric values abound in current Al ethical models, which
might not sufficiently address the particular needs, values, and
worldviews of Indigenous peoples (Jobin et al. 2019). This
disconnect can result in the creation and implementation of artificial
intelligence systems unintentionally supporting historical injustices,
cultural prejudices, and social inequalities these people experience.
Rising Al applications have brought many advantages but also
ethical questions including privacy violations, algorithmic
discrimination, and openness problems (Barton &Pdppelbull 2022;
Corréa et al. 2023). Indigenous people, where historical
marginalisation and cultural disturbance make them especially
vulnerable to the unintended consequences of artificial intelligence
technologies, have these issues especially heightened.

Indigenous knowledge systems provide a strong basis for ethical
artificial intelligence development that stresses community well-
being, environmental sustainability, and cultural preservation by
means of great insights into reciprocity, responsibility, and
relationality. Including Indigenous values into Al ethics helps one to
build not only highly technologically advanced but also culturally
sensitive, socially conscious, and in line with justice and equity Al
systems. This calls for a more complex and context-specific
approach that acknowledges the diversity of Indigenous cultures
and their special contributions to ethical Al development instead of a
one-size-fits-all one. The present dominant neo-liberal democratic
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and late-capitalist setting of artificial intelligence technology calls for
a more comprehensive analysis of its consequences, so guiding the
evaluation of Al with well defined ethical principles and strong
consensus (Raquib etal. 2022).

Given its extensive use in many applications, the study of Al ethics is
vital; some studies indicate that ethical values, including respect for
autonomy, prevention of harm, justice, explicability, and privacy, are
routinely neglected in Al development and deployment (Amedior
2023; Borenstein & Howard 2020; McLennan et al. 2022). Beyond
service-oriented public values, the idea of Al ethics has changed to
reflect concerns of human rights and cultural legacy, so addressing
the wide society effects of Al systems (Aizenberg & Hoven 2020).
Better Al governance can result from the development of
comprehensive impact assessment systems and machine ethics
(Chen et al. 2023). The growing use of artificial intelligence in fields
directly affecting Indigenous people, including natural resource
management, healthcare, education, and cultural preservation,
highlights even more the urgency of this research (Schultz & Seele
2022). Ignoring Indigenous values into these artificial intelligence
systems runs the danger of aggravating already existing disparities
and compromising Indigenous peoples' autonomy. Thus, this study
aims to close the gap between mainstream Al ethics and Indigenous
knowledge systems by suggesting a framework that supports the
creation of technologically advanced Al solutions grounded in
Indigenous values, so bridging the two.

Methodology

Using Indigenous epistemologies as a theoretical framework,
especially with regard to reciprocity, responsibility, and
relationality—as fundamental ethical constructions—this study
follows Inspired by works challenging Western-centric Al models, the
approach is conceptual rather than empirical, seeking to synthesise
current research on Indigenous knowledge systems and ethical
artificial intelligence. Reorients it through an Indigenous lens to
suggest a whole ethical framework for Al development, building on
the "embedded ethics" approach as discussed by McLennan et al.
(2022). Decolonial theory and relational ethics inform this
conceptual investigation, which emphasises the need of community,
land-based knowledge, and non-anthropocentric values in the
development and governance of Al technologies. This approach
actively interacts with scholarly literature, case studies, and
Indigenous philosophical traditions rather than data collecting to
build a normative framework that might direct ethical artificial
intelligence methods. It uses thematic study of current frameworks
and narratives about artificial intelligence ethics to find epistemic
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gaps where Indigenous values might provide transforming insights.
Indigenous worldviews are not only necessary for reimagining
ethical Al systems but also central in this theoretical synthesis rather
than as additional tool. By means of this literature-based, values-
driven approach, the research adds to a growing conversation
aiming at decentralising prevailing paradigms and advancing
ethically grounded, socially conscious, and ecologically conscious
methods of artificial intelligence ethics.

Reciprocity, Responsibility, and Rrelationality

Indigenous values of reciprocity, responsibility and relationality
provide a fuller ethical foundation for Al design and development. At
the centre of reciprocity is the principle of balanced exchange or
mutual benefit (Jain 2010). In this case, Al systems should also
incorporate give-back to the community that either the data is
extracted from, or the community the Al system is intended to
provide a service to, thus creating a sense of mutual benefit or
respect (Hoorfar& llten 2021).

Responsibility is more than accountability; this also includes moral
obligation to do what is best for others and the environment.
Developers, actors, policy makers, and users of Al should consider
their position in the ethical discipline Al in ensuring that the Al system
is not used unethically and does not cause harm or injustice (Stahl &
Eke 2023). Finally, relationality emphasizes a belief in the
interconnectedness of all things. The familiarity with Indigenous
approach to relationality allows for the creation of relational
governance framework as an alternative to the individualistic and
anthropocentric biases (often admitted into Western Al ethics), while
recognizing our relationships and responsibilities to each other, to
living things, and to the natural world. In convergence, these
principles provide a framework that puts community well-being,
environmental sustainability, and cultural continuity at the forefront.
We can design, develop, and implement Al systems that are
innovative, ethical, and socially responsible, by designing these
principles and values.

Incorporating Indigenous Knowledge into Al Development

Incorporating Indigenous knowledge into Al design and
development requires a multilayered approach that honors the rights
of Indigenous communities and their integrity as independent
peoples. The design needs a process of authentic consultation and
collaboration, so Indigenous perspectives are not only mingled but
valued throughout the full Al life cycle, from the design stage, through
development and deployment, to evaluation (Hernandez 2024). At
the core of this is recognition of Indigenous data sovereignty, which
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identifies that Indigenous people have the rights to own, control,
access and possess their own data in relation to their people, culture
and territory. The longer-term (200-year) goal is to establish data
governance frameworks that are appropriate for the Indigenous
peoples and community to ensure their datais only used in ways that
benefit them, and are in accordance with their values and priorities.
Further, Al developers/manufacturers need to be trained on
Indigenous cultures, histories, and worldviews - appropriate
because it takes into account the nuances and complexities that
existin Indigenous knowledge systems and spaces, both priorto and
in addition to satisfying the risks and harms that will occur relating to
stereotypes and cultural harm. Ultimately, the aim is to engage with
Indigenous communities through respect, genuine partnership, and
commitment to their rights, in order to utilize the potential of Al to
respect for Indigenous self-determination, culture, and sustainability.

Integrating Indigenous Knowledge in Ethical Al Frameworks

Since indigenous knowledge is intrinsically relational and stresses
the interdependence of all living entities and the surroundings. This
relational view offers a more complete approach to artificial
intelligence ethics that takes into account the wider ecological and
social effects of Al systems, so contrasting sharply with the
individualistic and anthropocentric viewpoints sometimes ingrained
in Western ethical systems. Indigenous values of reciprocity,
responsibility, and relationality provide a complete paradigm for
directing the ethical evolution and application of artificial intelligence.
Emphasising the value of mutual exchange and balance in
relationships, reciprocity highlights how Al systems should not only
help their creators but also improve the welfare of the communities
they service.

Responsibility draws attention to the responsibilities of artificial
intelligence users and creators to guarantee that their systems are
applied in ethical, sustainable, and respectful of cultural values.
Emphasising the interdependence of all things, relativism supports
artificial intelligence systems that support good interactions between
people, technology, and the environment. Concerns about the
effects of artificial intelligence on important systems—including
financial, governmental, legal, educational, and diverse knowledge
systems—are growing (Gluckman & Sridhar, 2024) thus a thorough
framework for Al ethics is increasingly necessary.

When establishing ethical frameworks for Al, it is necessary to
include the collaborative aspect of humans and Al agents; therefore,
the ethical dimensions not only lie with agents acting independently,
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but also with the ethical duties that arise as a result of their
collaboration with one another (Cafias 2022). There is an expressed
need for future Al developers and other stakeholders to be educated
on the ethical implications of Al to acknowledge their responsibilities
and obligations to reduce the possible harms and increase the
benefits of Al (Borenstein & Howard 2020). Furthermore, the issue of
biases also appears to originate from human fallibility as human
beings are responsible for the design and use of Al, which, as
Borenstein & Howard mention, should be addressed so that Al
systems do not reinforce any societal inequalities presentin humans
(Borenstein & Howard 2020). This is especially important because
with the incorporation of these Indigenous values; Al can be
developed to achieve social justice, environmental sustainability,
and cultural preservation, while aligning with the objectives of ethical
Al development.

Including Indigenous values into artificial intelligence ethics calls for
a cooperative and inclusive strategy involving Indigenous people,
artificial intelligence developers, legislators, and scholars. Respect,
trust, and mutual understanding must form the foundation of this
cooperation so that Indigenous voices take front stage throughout
the development process. Honouring Indigenous data
sovereignty—that which upholds the right of Indigenous people to
control the gathering, use, and distribution of data concerning their
lands, resources, and cultures—is a fundamental component.
Although developers and users usually control Al systems, as
autonomy rises ethical responsibility in their design and
implementation becomes more important (Dignum 2017). Essential
are clear policies for data governance, privacy, and security as well
as for acquiring free, prior, and informed permission. Furthermore,
inclusive design approaches that give Indigenous viewpoints top
priority help to guarantee that Al technologies are useful, culturally
appropriate, and accessible (Abujaber& Nashwan 2024). In the end,
encouraging varied and cooperative teams will help to reduce bias
and include more of a range of viewpoints into Al systems (Araujo et
al. 2020).

Addressing Bias and Ensuring Fairness in Al Systems

A major ethical issue in artificial intelligence systems is bias, which
can result in discriminating results and upholds of current inequality
(Resnik & Hosseini 2024; Sreerama& Krishnamoorthy 2022). Data-
learning artificial intelligence systems amplify and replicate biases in
the data that arise (Gurevich et al.,, 2022). This is especially
troublesome in sectors like education and healthcare where biassed
Al systems can profoundly affect people and communities (Harry
&Sayudin 2023; Ueda et al. 2@0’23). Addressing the underlying
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causes of bias in data collecting, algorithm design, and model
evaluation will help to minimise bias and guarantee justice in artificial
intelligence systems (Leavy et al. 2020). Many times, developed on
non-representative samples and evaluated based on limited criteria,
artificial intelligence algorithms create difficulties ensuring that
biomedical Al benefits different populations (Zou &Schiebinger
2021). Biassed data (Gichoya et al. 2023) is one of the main causes
of bias in artificial intelligence systems. Since historical data often
reflects current society prejudices, artificial intelligence systems
learn and spread these prejudices as well. Data used in artificial
intelligence research should guarantee privacy as well as economic
and environmental sustainability of the algorithms depending on it
(Kusters et al. 2020). Carefully curating and preprocessing data will
help to remove or minimise biases, so addressing this problem. To
guarantee that the data is representative of the population it is meant
to serve, this can call for methods including data augmentation, re-
weighting, or sampling. Furthermore, one should be aware of the
possibility of sampling bias, in which case the data used to train an
artificial intelligence system s not reflective of the population it will be
used to make decisions concerning (Chenais et al. 2022).
Furthermore, contributing to unfair results in Al systems is
algorithmic bias. This can happen when certain groups are favoured
over others in the design of the algorithms meant for training the Al
system. Using transparent, explainable Al models that let
developers know how the Al system is making decisions helps to
reduce algorithmic bias.

Explainable Al methods can assist in the identification and reduction
of Al system prejudices, so guaranteeing their fairness and equity
(Ferrara 2023). Moreover, it is crucial to assess artificial intelligence
systems with criteria sensitive to justice and equity, such
demographic parity and diverse impact analysis. Carefully
addressing these ethical issues will help to create artificial
intelligence systems that advance justice, equity, and fairness as
well as benefit society.

From data collecting to model deployment, mitigating strategies
must be carried out at several phases of the artificial intelligence
pipeline addressing algorithms, data, and human decisions (Ferrara
2023). An active area of research, defining, spotting, measuring, and
reducing bias in artificial intelligence systems is absolutely vital
(Srinivasan & Chander 2021). Important mitigating techniques that
help to create an inclusive and fair Al ecosystem are transparent
model development processes and algorithmic auditing.

Transparency, Accountability, and Ethical Guidelines in Al
Development
&
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Ethical development of artificial intelligence depends critically on
openness and responsibility. Transparency in artificial intelligence
refers to the degree to which human understanding and
explainability of the Al system's decision-making procedures match
(Dhopte&Bagde 2023). This covers sharing of details on the
algorithms applied in decision-making, the data used to train the
artificial intelligence system, and the evaluation standards applied to
assess system performance. Conversely, accountability describes
the systems in place to guarantee that artificial intelligence systems
are used responsibly and that damage results (Cheong 2024).
Building confidence and guaranteeing that artificial intelligence
systems are applied in line with human values depend on
transparency in Al systems. By offering insights into how the Al
system is making decisions, explainable artificial intelligence
methods can help to increase transparency of Al systems. It helps
academics to better grasp the logic behind Al outputs, so enabling
the identification of mistakes and inadvertent prejudices (Pagano et
al. 2022). Transparency is a crucial Al quality that can help to build
human trust in Al by means of which development of Apart from
openness and responsibility, ethical rules are also indispensable for
the growth of responsible artificial intelligence. Human rights ideas
should form the foundation of these rules, which should also cover
non-discrimination, privacy, and security.

Ensuring that artificial intelligence systems follow ethical norms calls
for legislative projects and governance structures (Petkovi¢2023).
Transparency and responsibility in the development and
implementation of Al systems should be guaranteed by Al
government (Hate 2024). While workflow transparency in training,
testing, and evaluation is vital for reproducibility, interpretability,
explainability, and responsibility define the trustworthiness of Al
systems (Baradwaj et al. 2024). By revealing information including
the design goals, data sources, hardware needs, and expected
usage (Li et al. 2021), transparency should be kept all through the
lifetime of an artificial intelligence system.

Transparency can improve human agency and help users to develop
suitable degrees of trust. By means of data collecting, processing,
model building, training, fine-tuning, evaluation, and
deployment—that is, by means of transparency—documentation
can realise it is imperative to define unambiguous lines of
responsibility and channels of redress when artificial intelligence
systems inflict damage (Manning et al. 2022; Vakkiri et al. 2019).
Mechanisms for tracking and auditing artificial intelligence systems
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help to guarantee that they are running as expected and that they are
not generating negative effects. Transparency helps institutions
build trust by which to encourage a favourable environment for the
integration of artificial intelligence (D'Souza et al. 2024). Another
important value is truthfulness, which guarantees that artificial
intelligence technologies give consistent knowledge and do not
mislead consumers (Corréa et al.2023). By offering understanding of
the operation of the system, openness can foster acceptance and trust.

Explainable Al and Interpretability Techniques

Understanding how artificial intelligence systems decide depends
on explainable artificial intelligence and interpretability strategies
(Warner & Sloan 2021). Explainable artificial intelligence (Lima et al.
2022) is the application of techniques and approaches meant to
increase human understanding of Al systems by means of their
transparency. Conversely, interpretability is the degree to which an
artificial intelligence system's decision can be understood by a
human. These are especially crucial in high-stakes applications
where artificial intelligence systems are applied to make decisions
having a majorinfluence on individuals' life.

By revealing the rationale behind Al decisions, explainable artificial
intelligence methods can help to detect possible biases and
mistakes. While interpretation relates to the capacity to give
significant explanations for the Al model's predictions and behaviour,
explainability is the degree to which humans can grasp the decision-
making process of an Al model (Muhammad &Bendechache 2024).
Explainable artificial intelligence also advances human
understanding, confidence in decision making, and fair and objective
decisions (Das & Rad 2020). Moreover, interpretability and
explainability are absolutely essential to ensure that artificial
intelligence systems match ethical standards, legal requirements,
and society values (Zhang et al. 2022). By increasing the openness
of healthcare algorithms, explainable artificial intelligence helps
doctors to trust in their decision-making procedures (Muhammad
&Bendechache 2024). Additionally seen as a means of safeguarding
patient safety and guaranteeing professional responsibility is
explainable artificial intelligence (Sendak et al. 2019). When artificial
intelligence lacks explainability in clinical decision support systems, it
can endanger fundamental ethical values in medicine and maybe have
negative effects on public and individual health (Amann et al. 2020).

A step towards trustworthy Al, explainable artificial intelligence has
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the ability to solve problems with lack of openness and can help to
overcome from a medical perspective, it is imperative to distinguish
between knowledge of how the system reaches conclusions and
clarifying the training process that helps the system to learn and
generate outputs (Jeyaraman et al. 2023). By offering clear,
understandable insights into how an Al model gets at conclusions,
explainable artificial intelligence helps users trust and validate
results (Muhammad &Bendechache 2024). The capacity of a human
to grasp the link between the features acquired by an artificial
intelligence program and its predictions defines Al interpretability
(Reyes etal. 2020).

Explainable artificial intelligence is crucial in the healthcare sector,
for instance, to confirm that machine learning models are trained
properly and that the parameters they depend on match the
knowledge of medical professionals (Sadeghi et al. 2023). Systems
audits and model troubleshooting benefit from explainability
techniques, which also help to either increase model performance or
find common failure modes or biases (Ghassemi et al.2021). Either
considering models that are naturally interpretable or post hoc
"explainability" techniques that can be applied to black-box models,
one can reach model interpretability (Bobadilla et al. 2024).

Discussion

Speak about Western philosophical traditions have mostly shaped
the debate on artificial intelligence ethics, sometimes excluding the
unique ethical systems found in Indigenous civilisations. Though
vital, conventional artificial intelligence ethics models often centre on
ideas like justice, openness, and responsibility, which do not always
fit the overall, community-centred values of Indigenous people. The
values underline the need of combining efforts on guideline-
development with thorough ethical analysis and suitable application
plans (Jobin et al.2019). Many Indigenous worldviews centre
reciprocity, responsibility, and relationality—which emphasises how
closely people, environment, and technology interact. In Indigenous
context, reciprocity emphasises a balanced and mutually beneficial
relationship between people and the environment as well as among
individuals and communities, transcending simple transactional
interactions.

Deeply ingrained in Indigenous cultures, responsibility goes beyond
personal accountability to include group responsibility for the welfare
of present and future generations, so requiring a long-term view in
the decision-making process on artificial intelligence development
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(Weber-Lewerenz, 201). Relationality emphasises the
interdependence of all living entities and the surroundings, so
fostering a whole awareness of the effects of technology on
ecosystems and societies. Including these values into artificial
intelligence development calls for a change from a merely
anthropocentric (human-centred) perspective to one that recognises
the intrinsic worth of the surroundings and the need of preserving
harmonic interactions with them.

An “embedded ethics” approach—that which suggests that ethical
issues should be included into every phase of the Al lifecycle—from
design and development to deployment and evaluation—is
suggested in order to properly include Indigenous values into Al
development. Engaging Indigenous people in the Al development
process will help to guarantee that their knowledge, values, and
viewpoints will be fundamental in determining the technology.
Grounding such participation in free, prior, and informed consent will
help to guarantee that Indigenous people have the right to participate
in decisions impacting their territory and way of life. Moreover, it calls
for the formation of multidisciplinary teams comprising Indigenous
knowledge holders, ethicists, artificial intelligence developers, and
legislators so promoting a cooperative environment where many
points of view may be shared and combined. Including Indigenous
people in the design and development of artificial intelligence will
help researchers and developers to guarantee that the technologies
are culturally appropriate, socially conscious, and fit for community
needs and aspirations (Hedges et al. 2020).

Case studies emphasising effective partnerships between
Indigenous people and technology developers help to show the
pragmatic application of Indigenous values in artificial intelligence
development. For environmental monitoring, for example, Al-
powered tools under development in collaboration with Indigenous
people track changes in ecosystems, monitor biodiversity, and
identify pollution (Dignum 2017). By combining modern sensing
technologies with traditional ecological knowledge, these tools offer
a more complete and complex view of environmental changes. Al is
helping remote Indigenous people have access to culturally relevant
healthcare services in the healthcare industry. In another context, Al-
driven translating tools are under development to support cultural
continuity and intergenerational knowledge transfer by means of
preservation and revitalisation of Indigenous languages.

Ethical issues remain formidable challenges. As artificial intelligence
systems become more commonplace, issues surrounding data
security, algorithmic bias, and discrimination against marginalized
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groups need to be considered (e.g., Indigenous communities) and
addressed, as well as developing solutions for the digital divide to
ensure that Indigenous communities have equitable access to the
tools and the accessibility of the technological infrastructure to
participate in the digital economy. Policy solutions, ethical
frameworks and aspects for and with communities should be
developed with an understanding that artificial intelligence may
exacerbate existing inequities, and efforts should be made to
mitigate the risks (Ochasi et al. 2024). While it is important to develop
Al applications geared for areas of health within populations
contending with inadequate healthcare provision, exploring the
potential of Al in creating pathways for frontline workers in the Global
South, as well as how best to develop designs for disadvantaged
populations remains important (Okolo 2022). Furthermore, the
predominance of Western languages by artificial intelligence can
marginalise non-dominant languages, so reducing the availability of
instructional materials to speakers of Indigenous languages
(Nyaaba et al. 2024). Al's effects on education, teaching, and
learning imply that in the next few years it will transform learning,
instruction, and instruction (Gudoniené et al. 2023). These
instruments should also be tailored to the particular cultural settings
and learning styles of Indigenous people so that technology
improves rather than compromises cultural identity and traditional
knowledge systems. These tools have to be tailored to the particular
cultural settings and learning styles of Indigenous people so that
technology improves rather than compromises traditional
knowledge systems and cultural identity.

The ethical evolution of artificial intelligence ultimately calls for
Indigenous people, researchers, developers, and legislators to
commit themselves to continuous communication, cooperation, and
mutual learning (Jeyaraman et al. 2023). Maintaining their accuracy,
relevance, and alignment with changing educational goals calls for
ongoing algorithm monitoring and update as well (Joshi 2023).
Adopting a comprehensive, inclusive, and ethical attitude will help us
to use artificial intelligence to produce a more fair, equitable, and
sustainable planet for all (Allam et al. 2023). Developing ethical
frameworks for artificial intelligence must thus address the possible
prejudices and injustices these technologies could cause (Ayana et
al. 2023). To guarantee that artificial intelligence systems are applied
in ways that support justice and fairness, this calls on a dedication to
openness, responsibility, and continuous evaluation (Ishengoma
2022; McKay & Macomber 2021; Roshanaei et al. 2023; Shuaib
2024). Incorporating ethical values including beneficence,
justice/fairness, non-maleficence and autonomy, Al systems should
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be developed and applied for the good of mankind (Kaas 2024).
Embedding these values into artificial intelligence development will
help us to guarantee that these technologies are applied in ways that
support human flourishing and respect of all cultures.

Case Studies Examples

Many students have not been able to profit from technology due to
the digital divide and current inequality (Bulathwela et al. 2024).
Globally, Al education has to be facilitated to guarantee
inclusiveness and equity; locally contextualised to assure sensitivity
to the needs of people of all ages, genders, races and cultures
(Samuel et al. 2023). Particularly in regard to justice, responsibility,
transparency, bias, autonomy, agency, and inclusion, the flood of
artificial intelligence systems in educational settings begs serious
ethical questions (Holmes et al. 2021). By bridging access and
resources, especially in underdeveloped areas, artificial intelligence
has the potential to democratise education (Leon 2024). Al can
enable customised learning experiences that fit different learning
styles and speeds by using a student-centric approach and
customising instructional content to meet individual needs. It can, for
instance, give teachers data-driven insights, automated
administrative tasks, and tailored learning opportunities. By means
of tailored curricula, adaptive assessments, and real-time feedback,
Al-driven platforms can be made to provide each student with
focused support and direction. Al systems can find learning gaps,
project academic results, and suggest suitable interventions by
means of extensive databases of student performance. Driven by
artificial intelligence, personalised learning platforms can change to
fit particular student requirements and provide tailored support and
paths of learning. Carefully introduced to teachers and students, the
Al-driven personalised learning experiences and automated
assessment systems must be Based on student performance,
adaptive learning systems can change the pace and content of
instruction, so offering individualised support and remedial action.
These systems guarantee that students get focused support by
means of real-time feedback and tailored instruction, so addressing
various learning styles. By means of personalised recommendations
and resources, Al-driven platforms can examine student data to
pinpoint areas of struggle and so promote equity in learning
outcomes (Roshanaei et al. 2023). By means of Al-driven platforms,
student learning can also be evaluated and feedback given, so
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freeing teachers' time for more personalised instruction (Kamalov &
Gurri 2023). Al can, for example, create customised quizzes and
assignments, assess student work, and offer comments, so freeing
teachers to concentrate on more difficult chores including mentoring
and facilitating debates.

Current Al ethics frameworks

Individual rights and autonomy are sometimes given top priority in
current systems, which might not entirely fit Indigenous values
stressing group well-being and connectivity. Therefore, ethical
frameworks for Al must be adjusted to the particular cultural settings
and values of Indigenous people, so guaranteeing that these
technologies are used in ways that support cultural preservation,
social justice, and community empowerment. It also implies a need
of caution regarding the design and execution of these systems.
Usually emphasising justice, openness, and responsibility, current
artificial intelligence ethics models also These ideas might not,
however, adequately address the particular ethical issues that arise
in Indigenous settings, such the possibility for artificial intelligence to
support historical injustices, compromise cultural sovereignty, or
aggravate already-existing inequality. Therefore, ethical models for
artificial intelligence have to be anchored in Indigenous values
including reciprocity, respect, and responsibility (Akgiin & Greenhow
2021).

Moving Beyond Current Ethical Frameworks

Existing ethical frameworks quantify the varied needs and values of
Indigenous communities in the context of artificial intelligence, but
they often lack the ability to fully account for the unique conditions
and values of Indigenous people. Ethical frameworks for artificial
intelligence based on Indigenous values of reciprocity, responsibility,
and relationality require attention to some important issues.
Indigenous knowledge systems are not just data but form the core of
all ethical artificial intelligence development and deployment. Ethical
frameworks for artificial intelligence should include actionable
recommendations to the idealistic ethical principles unjust altogether
ignore. Indigenous perspectives and ethical considerations should
be integrated into as many stages of the artificial intelligence
lifecycle (designing, developing, deploying, and evaluating) as
feasible along the steps. Together with Indigenous knowledge and
insights, artificial intelligence can become more culturally
responsive, socially just, and environmentally sustainable.

Indigenous communities need to be given an important voice in the
design, development, and governance of Al systems that impact
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their lives. These considerations are some of the elements of a
comprehensive approach to ethical Al development that included Al
ethics addressing issues raised by new digital technologies (Al, Big
Data analytics, and blockchain technologies) (Kazim &Koshiyama
2021). These elements are key to moving toward important practices
of acknowledging and addressing ethics throughout the lifecycle of
Al. It is vital to build transparency and accountability into the Al
lifecycle, and mechanisms to monitor and assess Al systems for their
impact on Indigenous communities. For Al practices to be
considered responsible, developers and organizations must operate
within defined ethical guidelines and principles (Leslie 2019). Ethical
Al can only be developed with partnerships between Indigenous
communities, Al developers, policymakers, and others.

For Al systems to be aligned with Indigenous values, developers
must properly consult Indigenous communities and include their
perspectives in the design process. Organizations may use the
framework to develop and implement practices for how they might
use Al in a socially and ethically responsible way (Mantymaki et al.
2022). Special emphasis should be placed on human-centred
design methods that contemplate the compound effects of different
Al forms (Hernandez 2024). An ethical impact assessment before
the introduction of an Al system can help avoid unintended and
unforeseen risks or costs (Hernandez 2024). Organizations should
invest in educational and training programs aimed at closing the gap
in digital literacy while also ensuring that Indigenous communities
and individuals engage with Al technologies at their own discretion
(Okolo 2020). These educational and workforce initiatives can
support responsible Al innovation and development. The
overarching belief is that if Al is developed safely and responsibly, it
can have a positive impact on society; however, this willdepend on a
regulatory system that allows for ongoing responsiveness and
promotes innovation, while allowing companies to stay engaged in
assurance of their Al developments (Walsh 2019).

Including indigenous values into artificial intelligence ethics calls for
confronting prejudices and advancing fairness in Al algorithms
(Abujaber& Nashwan 2024). Al algorithms ought to be assessed for
fairness and prejudices; hence, actions should be done to minimise
any discriminating consequences (Hernandez 2024). This could call
for using different datasets, applying fairness-aware machine
learning methods, and always watching Al systems for bias following
deployment. Clear lines of responsibility for the development and
implementation of artificial intelligence systems—including systems
for redress when Al-related damage results—must be established
by companies. Institutions can guarantee responsible Al practices
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and reduce possible risks connected with artificial intelligence
technologies by defining explicit procedures and guidelines.
Maintaining openness and responsibility also depends on open
channels for reporting and handling ethical issues about artificial
intelligence systems. Furthermore, the focus should be on building
artificial intelligence systems that enhance human capacities and
advance cooperation between people and robots. Dealing with the
ethical issues raised by artificial intelligence calls for a proactive
strategy including ethical considerations all through the
development process (McLennan et al. 2020). The transforming
possibilities of artificial intelligence call for a thorough approach to
ethical issues including addressing problems with data privacy,
algorithm bias, and possible job displacement (Khan et al. 2022; Lu
et al. 2022). It also advocates more money for multidisciplinary
research on the moral, legal, and social ramifications of artificial
intelligence (Farhud&Zokaei 2021; Ferrer et al. 2021; Singh 2024;
Stahl & Eke 2023).

In the final analysis, it is about making policies, creating laws, and
activating other directions to help foster responsible Al development.
Al systems will need to be developed to protect individual privacy
and data security while recognizing the collectivity of interests in
Indigenous communities. Companies should focus on developing Al
based on the things that reflect diversity, inclusion, and cultural
awareness, to ensure that Al benefits society as a collective. To truly
promote the responsible use of Al, organizations should focus on
using a proactive approach, like embedding ethical thinking into the
design and development of the pieces of Al from the start, while
anticipating ethically salient challenges that may continue to arise
throughout any phase (McLennan et al. 2022). Organizations should
also create strategies to ensure privacy-preserving technologies
and data governance systems limit the potential risks associated
with breaches and subsequent unauthorized access to sensitive
information. Further, the kinds of Al systems development have
evolved from machine-learning to neural networking to natural
language processing regimes, which is being applied at critical mass
levels across various fields and domains (Saheb & Saheb 2024).

The creation of strong regulatory frameworks and ethical guidelines
is essential to support appropriate Al innovation and Al deployment
(Sharma 2024). It involves taking next steps that are ethically
appropriate to help with successful long-term use of Al technologies
(Barton &Pdppelbufld 2022). In doing so, it is of course important to
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ensure transparency and accountability in decision-making with Al
and for ensuring the respect for human rights and dignity (Araujo et
al. 2020). While addressing ethical issues of Al it is important to take
a proactive approach that includes ethical issues through the entire
development journey. This requires a commitment to working across
boundaries between teams and, importantly, developing the bonds
between teams and ensuring the connections involve technical
teams, legal experts, ethicists, and business stakeholders. All of
these stakeholders need to be a commitment to ethical principles
and regulatory frameworks in Al to ensure that Al technologies are
developed and used ethically and in compliance with the law
(Camilleri 2023). To achieve these objectives as a sector will require
the efforts of the global community including governments,
international organisations and civil society.

Challenges and Future Directions

Although the need of including Indigenous values into the ethics of
artificial intelligence is becoming more and more evident, putting
these values into use still presents difficulty. Though there are many
difficulties, two particularly important ones are the lack of consistent
policies and methods to better grasp the ethical implications of
artificial intelligence on Indigenous people and making sure
Indigenous people have sufficient means and capacity to participate
fully in Al governance and decision-making. One way could be a
participatory design approach whereby end users—among other
stakeholders—actively help to create artificial intelligence systems
(Hernandez 2024). It gives end users agency, reflects several points
of view, builds acceptance and trust, and so helps them (Stahl & Eke
2023). One approach proposed would have artificial intelligence
models constantly changing to precisely remain of human value.
Regarding Al ethics, the goal of the future is to realise Indigenous
values in the design, development, and implementation of Al by
means of a meaningful reconciliation between principles and
practices, so fostering actionable practices.

Conclusion

In conclusion, our investigation of ethical frameworks for Al that is
rooted in Indigenous values provides a path forward for responsible
innovation. By embracing reciprocity, responsibility, and relationality
as key principles to forge a different Al future, we do more than to
respect Indigenous rights and cultures; we also contribute to a tech
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society that is more fair, accessible, and sustainable. We must
address the potential impacts of Al compounding existing inequities,
and mitigate these risks by enacting actual policies and ethical
frameworks and community-led solutions. At the end of the day,
ethical Al requires ongoing dialog, collaboration and shared learning
with Indigenous communities, researchers, developers and policy
makers. We need a multi-faceted approach that is grounded on
Indigenous values and that reflects and continues to evolve through
collective involvement to ensure Al empowers communities,
preserves cultures and supports community's collective well-being.
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