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Table 1: Mapping research questions to relevant conceptual framework components

Research Questions

RQ-1: How can Al integration
in mathematics education
foster equity and reduce
systemic bias?

RQ-2: What competencies do
teachers need for ethical Al
use ininclusive mathematics
instruction?

RQ-3: What ethical principles
should be adopted for Al
design and deployment
in math class to protect
student privacy, promote
fairness, and uphold teacher
and student rights?

Key Conceptual
Elements

Al as a mediating tool
for personalized,
equitable learning;
addressing algorithmic
bias; teacher agency in
promoting fairness

Technical, pedagogical,
and ethical
competencies; critical
data literacy; reflective,
adaptive practice

Transparency, privacy,
accountability;
protection of rights;
ethical standards

for Al in education

Framework
Component(s)
Activity Theory
Al Competency
Frameworks
(equity, bias)

Al Competency
Framework

(Competency)

Al Competency
Framework
(Ethics)
Activity Theory
(Rules,
Community)

Major Supporting
References
Kohnke & Zaugg,
2025; Lin et al,,
2021

Abboud et al,, 2018

Cukurova & Miao,
2024; Chiu et al,,
2024 Filo et
al., 2024

Adams et al., 2023
Nguyen et al,, 2023
Sannino et al., 2009



Wby s

Wosls (59l @0 0549, )
SHO Axudd jO g 0,5 coliiwl 095 g0 Gludl (GOLES] juwdd 9 S 3 (Gl (219 Gludl je 0 0,09 ST axdlian

iRy (i by oigel bawsd s S Jei Sl 50 Lol gl p ledro gilweslel (SigSa 31 (g5 Ewes
ul:ua‘ 39 LS)"*"*’ ‘5,.13.;«.50@! &l&o‘ t§-'9) C;Lg’.gé‘ 3930 ‘5Ub$)5~3'9) oS Locmow tSLb)S)"’ J)L‘S).g K 45|)| (& a0
alio Jg25 Jlo 50 o 4y by ooz i 50 sl slp o 4 1) Ll g wiiS g0 ool 1) Clalllae pliol g

Iy oliixo (woy (pl . odd o0 )58 Cuglyl jo 1y (L9dg0 OlbLa sl g slolme pumdi (oS> B po uozxi sl 4 (w9 ()]
i (G o 9 WSS Az ) D GLLOBLL cids &Iyl Ay Camdg i e (Sulgy U ojlw o jo8
B L (ogde Cazyly S Anwgi (Bus 4T s wied )yl (Sl o33 4 (9 SR H9 0 iBS Sl 1y sy
9 G99 (Sldiamiion (ymoadi b o Julgy H900 0,509 3 ooliiwl (bl cpl p.ably J gy dico) S 50 addlle SO yols

D)5 S gl 1)y Gl ol (Ll gy Al (ol



Wby s

oLl g ylzo 9 b (ggzine Y

Yl g LS o bad (ilxo Yo g lwbls gl — g i PSS 0515 o5 dm Jolis aobio (Gooxsms sl 43
309y b po axdllao (I b Pl job 4 a5 093 (GulS Slols” Jolls g (65wl .09 Liod (55910 b fawi o Swlaw
‘S‘ﬁ 45 (Ilb"" ‘"9") ‘;y ‘SLQ;M b. ‘ll6ﬁ|ﬁll 9 "é%‘" ‘"M ‘:H“’w" ‘" .b") ‘.”3)’&0""" ‘"‘fM &}“" M,.Lo
i 48 )5 35 a4 bl P g Mol g g Wil oS i

29 &1 1) (Egian Shgn plisl 4 Widls 35 so8 (lallls 1 45 3,5 @a13 1) (U ya5 335 5 pFBas ISl ol 0
o gy @ yb 3l (Sl i o palo A0y (0 (o) p (Lo Wed slp Glodro ilweslel b (L8L ) (wijgel 5o el
ol S 310w aio) (1l 5 Wosy] drwgs pummo (S (ridrad g (o yiwd 5O yieS g



Wby s

oLl g ylzo 9 b (ggzine Y

Ob) & 48,5 51,8 383wy )90 Wl pid 4 091 o] p3liws 3959 U yolyly oy g SS9 35 pod B> gl
30 (Egman (gd i & Wbl valy Olalllao 0ol ol JicCo YeYO U V) JLu 3l g ol aillig ‘_,,...“..Jil
Olodro g Kby Cujamo b costdo b oyl (o )1 alos 51 plodeo gilwoslol U (ool (so3gl
i Oldlas (Z9y5 Lo (Jlio jo 105310 4 (S5O0 (Ji gD saewo) o G&,’g.oT cdlas b u;)bl ) 129581 P
L ol oigel b zupe bLisl ooy wlegdge plw jo (Lgman Jhgp o )5 wiilo — oLy (Wigel oje> 3
3590 30 Cazy 59 (699U 31 yl5g0] yuils soliiwl B o a5 g BT (ol o ogdle L0505 sl 1y — lodeo g3Lwoolel
OG0 a5 ..\.25‘5.0 I W-1) b ,lxo w80 S og] A BA> (Widg 3 godo OT 6331:‘ ‘_gl.tw.oLyv L C,Lo.l.m Y
Olodro drwgi g (8L, (Wigol p (Eguan (gp aby & g Il Julond (6l 3290 9 b yo cpoler (2L coulio Ll
1y st 6 seno LT 315590 TP L Lol it o Ll 40 75 YPA £ 900 53 gl (sam 3> 42,51 k3 g0 &l

STV K



Wby s

Epoge Judxd slaasl )8 blaag, ¥

plul (S Weold S i g (uirdiws (5,150 (5l g vl punal S JST gy Gub ol (ygio (L dge Jul
crmobidn (Ll pol (9 091 suungygl @ozr (950 35 yoko g 5,50 anlllao 31 5b 3l Losls b (LT Jolds adl o5 .o
el iyl Iy ol cole 5 BT wdlae (Kimls bogz il (ladze (Fobol 4y bgspe oigds )5
Plais! oy sbom p Solo il & bamw Sk glgidn & ol 10 45 wd Jloel dinidg) (5,l5as Ldlao
PH0 abes 10 g Builojlu (Wodls acgomo jo Houbgi Lulgy 9 Sl wlwl p adgl aS (ol om0l 0010
9 plowil B Wl 2ol g (o 6155 walyd o B,k 5l sl g lwbd adss wiad (5)310,5 yod yuns
B bilg; g (Lol (Gl &5 wiad (5,6l 9 e laieS 4 alde (w9l (el Guiicd’ OY 3w b bLI
a8 Sl gz sl il e o8 b b po (g Sl a4y uig T B ol IS uSaie 350 59 4 1 Woold
S5 g U ffgman pigd ilwesly jo b dly 9 BT g0l g (o yiwd cdlae tlodro G Al g (£ ghuan
(EPog0 LSl G (ol g windyy 0,59y ol 2U3l 9 Ghigel 2 w5 g gl 9 5ol coles rSlail gy s
Ty |y adlan (£9b90 5,505 0,509, ¥ Joguar coloy arlllio 35 500 4 Lo a5 O1s &Iyl Hlolno g ol

.Mé‘s.o



Table 2: Summary of thematic coding approach followed in the study

Theme

Teacher readiness
and professional
development

Al competency
frameworks and
teacher roles

Equity, access and

inclusion

Ethics and challenges
in Al implementation

Mitigating bias and
promoting fairness

Institutional and
policy support

Impact on pedagogy
and assessment

" Code(s)
TR, PD

CF, ER

EQ, IN

ET, CH

- MB, FR

IP, PS

PA, AS

Description

Teachers’ preparedness,
willingness, and need for
ongoing, context-sensitive
training for Al

Frameworks outlining Al-
related knowledge/ skills and

the evolving roles of teachers

AT's potential and risks for
bridging or widening
educational gaps; inclusive
practices

Core ethical concerns
(privacy, transparency,
accountability) and
implementation challenges

Strategies for identifying and
reducing,
algorithmic/systemic bias,
ensuring fairness

Role of policy, leadership,
and systemic support in
sustainable, ethical AI
integration

How Al transforms teaching
strategies, assessment, and
classroom dynamics in
mathematics

Sample References
Avanwale et al., 2022
Wang et al., 2023
Mouta et al., 2025

Cukurova & Miao, 2024
Chiu et al., 2024
Shen & Su, 2020

Kohnke & Zaugg, 2025
Pagliara et al., 2024
Sato et al., 2024

Adams et al., 2023
Nguyen et al., 2023
Peterson, 2024

Lin et al., 2021
Roshanaei, 2024
Sato et al., 2024

Engelbrecht & Borba,
2024 Karsenti, 2019
Kayyali, 2025

Engelbrecht & Borba,
2024 Gabriel et al., 2025
Madaan et al., 2025
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