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Abstract:

The present study aimed to provide a Heideggerian interpretation of the relationship between technology and human education and to rethink
the existential dimensions of education in the digital age based on the experiences and perspectives of educational and technology specialists.
This qualitative study employed an interpretive-hermeneutic phenomenological design. Participants were 18 university professors,
researchers, and specialists in philosophy of education, educational sciences, educational technology, digital education, and philosophy of
technology in Tehran, selected through purposive criterion-based sampling. Data were collected through in-depth semi-structured interviews,
and recruitment continued until conceptual saturation was achieved. All interviews were audio-recorded, transcribed verbatim, and analyzed
using an interpretive phenomenological-hermeneutic approach. The analytical process involved repeated reading of transcripts, identification
of meaning units, initial coding, constant comparison, development of subthemes and overarching themes, and iterative interpretation between
individual parts of the data and the dataset as a whole. The analysis revealed four overarching themes: transformation in the disclosure of
knowledge and the world, transformation of the learner’s existential dimensions, reconfiguration of educational relationships and human
presence, and the possibility of openness and authentic education within technology. Digital technologies were interpreted as potentially
reducing knowledge to retrievable information, reinforcing speed, efficiency, and calculative thinking, reducing tolerance for ambiguity and
sustained reflection, and algorithmically structuring encounters with knowledge. Fragmented attention, accelerated experiences of time,
diminished opportunities for silence and self-reflection, the emergence of digital identity, and weakened lived presence in teacher—learner
relationships were also identified. Conversely, a conscious and critical relationship with technology, restoration of questioning, promotion of
reflective thinking, redefinition of the teacher’s role, and creative rather than passive uses of digital tools emerged as conditions supporting
authentic education. The findings suggest that the central educational issue in the digital age is not merely how technology is used, but how
human beings exist in relation to it. Human education can be preserved within technological environments when digital possibilities are
accompanied by questioning, reflection, presence, dialogue, creativity, care, and self-understanding, preventing technological rationality from
becoming the unquestioned logic of education.

Keywords: Heidegger; Technology; Human Education; Digital Education; Philosophy of Education; Hermeneutic Phenomenology;
Existential Dimensions

How to Cite: Bayat, M. & Mehrzad, F. (2026). A Heideggerian Interpretation of the Relationship Between Technology and Human Education: Rethinking
the Existential Dimensions of Education in the Digital Age. Management, Education and Development in Digital Age, 3(3), 1-21.

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0009-0005-7518-5542
https://orcid.org/0000-0002-8161-3911

JUmsd pas 59 dzuigi 9 90T C9 o 4 pid

VBN ol Ll VB O/ N4 el Ll 56 VRO /Y e dy s VRO AN s K3l b V074 1/+8 e Jll 56

SOl (il jU 2 Sl Cud 5 9 (5399 PN S 31 (ST WL gl
JUmd yas 0 iyl S99 9

Al el oK b oSl coligdl ibjgal 09,5 ¢ybsliwl ¥y daguane )
Ol oS <L 48 oIl ‘u.;'s)‘yj Cag yade 095 eddyl ol )87 505015 pm a )8 .Y
ma.bayat@cfu.ac.ir :Jstume odiw g Saig Sl ot

S

Slaasa s g 455 oll p S pas ) pbjgal (63929 slacels Lslil o Sl Cwp g S5 Cons $TUl pds pols iagh Gua
oSl bl 31 )5 VA Jald (A )lio b plosl (Siigiopm - (6 pmmads (oolid )ty (bl g (&S 3,509, b pilo Gimgh 92 (5y9ld g Shjgel 0jg>
(5 1S5 W05 095 4 4 Kdgy (385 R 53 (S50 duadd g Jtzd (590l (gl (S5 (i pole i g el ddudl oo laasiie g o Sitingy
daslas .ol doldl ogpie gluil & (oliwd b aslas u5l)8 o 0 L;”'ls; Giwos Al lid ludes sanlas &b | bodly .ud bl jsoreSHs 9 Ladin
SIS oline lassly gl gie 5 S (iilg Jol Jelod Bad (2 (St yp - (LBl Julod 3,509, b calS aaals” giluosly g b |
S g S3PIHSS Conad &8 3l (Lt laodly Julod 290 baosls CulS g Tia] (o (IS 12908) ol g (ol g (28 (pmolidae oSl daaST postans dusolio gl

S g e Blaie cidd Jular obsb BB leMbl & 1) ish sl o Jbuows (sbaigyolid ol oLis baaidl . 5905 o )0 Juol g (5298 Sl
oS Gl (lej 505 53 (S3jols g (SN Cpinen il (oot yoUl |y Gl b dplge (381 5 xind alS 1) Jab g plogl Jeo i g |y o
(s30s] g ST s ¢ Jlio 53 g ol pia] slasaly 05 510155 S0L g plae dlal) 53 i) jouin CudsS (LS g Jlomd Cuogn (68 S o odoildss o
ool 508 ool Juol s UL lpisay Jions (sl 51 Y oalitul 5 ples (a5 ciy pi3l (Lol S5 Cogll syt sbl o9l b
2 3l Gloj il Sy sl G b Cam 3 sl 391 0550 4y (£599585 3 oolitl (SisSa Bpo & Jliomd pas > Sjsel poll altuws daazily
Cogl o 1y (eotddgs 5 Cublye (B (55505 g ¢l g Stianp Sl e Jlzd (Slacad o Sl (35000 (pen Bigal 4 395 Lais ailygls (slalaica
295 (535 gl el G ppsr g bl Blate 4 (55l s 5l g 18

5 slocolo [ Kpiops (ol Koy 5 meled dinld iz gl (] oy (s jlsiST 5 0la 1B 38

0 dewsi g ijgel gt Jlumud pas pd Ghisel (63939 scals bl i bl Cu) g £35S Cams 55 0ln pnds (VF0) 10 yd e 5 cdoguane aily 1 B33! 092
A=Y (Y)Y oo puac

ooa®

ol 43,8 & j90 (CC BY-NC 4.0) 2165 b illas 5151 oo yiwd &ygods dllio o) L) ol ot g5 4 3late dllio ol L] ggis goled VF+0 © 11 3> g 500



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0009-0005-7518-5542
https://orcid.org/0000-0002-8161-3911

\f'b JLW%)MA)M‘{)»:e)}J

doddo

$ilre slabame (sl (sloodld Ll ¢ ogian (hon (553 Copte sladilols (bl sloaSid w5 S ofgh ] sloany ) wlygl Y g5
b abe & o ot sle Ml JUas] sy (2138 & Byio 395553 ool bzl alge uos ala oS5 L1y igel (i slojlislo criaisgn (a3l
S35 Alis g0l lools 1138 55 o5 ]y o 5 )R @53 (I b el arlse (SgSe calit sgloss Ak i dgame Bigel Jl s S S b
ly il &5 42 S5P9S5 damp 1L 4L )5 5kao it (slanggyglid Sl oslitl (S5sSe b a5l (oo 81 (l3ee 0)by> (8 (Slalie IB 1 b lgiiees |y bigel 5
el s e BB (Gl aadd 5 n (gilusjl Jliomd pas )3 1y o (sline 2395y 5 255 (m gl |y a5 (09 ) (Sloged d il g5l
(Fuentes-Penna et al., 2024) -luil S5j 53539 5 eloinl ( SM] ¢ 8 ym0 (sboylilo o] 15l ) dngs g (y9l3 51 (o) 15)..9 A3 yeee 3l i ©ad 0
S IS8 095 g Jloms i jd i oo gl s dlaly 4 i g wlyglid lad S Glomias Sl 58) S Cgps e slasiag 8 Bigel o> 53
o iy Slillas > (slagils (5yel 503 (659l o)l s ikl o daslyi s s (Misiaszek, 2022; Pacheco, 2023) whd,S 28T slusl o5gu
ool 01 Jo5 yolee ez 55 B59el Cudle mad ol 5 (S 4 4l

ol 2 Sle el Coenl S oo wald Sludl S 9 (S5P9ST (e Cand (213l (sl Slorg byl Sule i le atal g2 g0 (auld (sl 4 (e 5
Wil e Slogrge 0 ST b «GLESID 1 (dloges |y o aShy S b il sl Lausgd oadails ilug b bayesle daylil 51 clasgame s |y 555155 oS ol
&S s ol 503 ol sy (bl i ol o il SIS (6o 000 g e 08D sl BB onie B )3 1) o Wlgige ()yhe pas > oS Sloged
il 2 ol ol 35 waie asbe ] ola b 5 (ool osnbio e il 955 4338 laie o8 Canl cpl a8 35 o 3l (55955 J w5y o
oo b Mertel sjls 0555 55 ) entcass olodl 5 653k oo 638551 Saslirs <rmtsth o 3) st 1 opdle Sl B Jlioms & sa e oLt
(Mertel, 2020). Park a8 o 455 a5 melss e (sl (] (slotoly 5 gl &glid il b s dgrlye Cunmtl 2 (Big0l 5 (5350555 S o (oo Capns
S 3 aalS 3 Lo 3l o3isal 5 2y 8o 155 a0 &ly3L8 Slgs 45 a3 gm0 93 o lite A b 3955 > Sl (il o Al o 3
4 LoBieel oyl Ll 45 sl ools LS Gyl g waled dbdd )3 LS 3 pagie B piman (Park, 2022) cunl (g35l9iS5 5 il dlaly o0l wyd ppline
(S0snowska, 2020) 5,8y a3k |y (igel 5925 5 (alins Sl W0 oAb 0mesd e 5] cShind 4 litod (sl

3 ol 3 0,550 Vg Silokinke 9 Snhioionie (5Peodld 8y oy oy Blate b Jlizmd Shisel & Wi syidn Cuanl Gloj alie (]
ol 558, (sloodls 5 (650l B Sl kol 3 s9ui (spm (Mol S helSG Jua5 g 553 (s b 5553l S cpolin Bi50l (slolamo
ol I glasgosme 4 1y goeiild 9 3,Shae a1y (6, 53b woleMbl 4 1y i yro Klg5 o S 0 ] g BB (5590 9 (o pdo LISl dn 3] e ganl b i 95 oo
3 ool oS Mg 53 Wl o yoeendls g (b e @ilygld o jlible oS amd oo (Ui J Sy (BB (slaaSid p oada)ly slasi and i oiby LB
Bpo cladSogy e ply > (Bl ol S mib ©y9po p oliSen 5 Bills (i > (lliadis, 2021) susly assly (5 Gdjaal S 5 Sipm
Bills et ) 5,8 y» S oo Mg b wiily o asl Laid 4 5 BasSeS Lie €09 0550 (ol p b 1y bjgel Kimys a5 wlosls lis g 03,8 aST b lisicd pmo
sl 55 (Sis%a b o lged Cap i o> Ll ylae al3dl by 231 JES) 4 b lgised Ty bl i 1y sl Lol jils imgsy sl smlos o) (@], 2023
b blijl s 385 sl 5 (65500 b gl s (o 3 5l jpi 0500

033 ¢ giodgu dpmilie Culils it 511 lon Solus 1S5 anl € Lol Si» 1 Golus i ale ol late dalis pae bl 51 (S s Sl jlate 5|

ot (sl los l ST o dlo] Jlome ansl odits HISLET ot asul il 13 (S59uS ¢ pleal ¢ ol wgSaw  piwo s (sl (ol 1S5 a5 s p3 iS o Sy S 1Sl

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATQQJJ_M

1y gSs & wloals oLts Gjgel 53 ©55s 4y by ye Slallls .l o3bel slagisly gy €8> Sl 5118 (S pibiane ol Sy 1nj @)l SlosiiS (esd Cponl Sy g
2 3080b p bt 5 B ltal o altass 35 (Fjeld, 2022). Jones 8 i )3 s L dgerlse 5 Jolb cap il (sl (slaton; 5 (staeys 55 | (ot o (550
adllan )%, (g 51.(JONES, 2025) G okl g J) Song s 5 agslios b lag) 1S5 el 10 48 505 08T alalid a3l g2 5 255 o oo |y e el
5 ol cpl (Brito et al., 2021) sl Sgn cup jl 63939 ootd b Ailgi o (52955 5 dogi jguin 45l 03l Lis ¢ Sla Jlaie I jge] p3 25T o)
(1Sg 4 ) 5,55 LT Yo b A8 o ol 8 (IS ISl (Lo S8 5 j g8 1S5y (sl poleo Jlimed (slalagmo bl 1S oo ks |y ol ooy 9020
B30 Bgw S e (o potts (ploallr 5 Bpas

03, josa ) 590 9 (S35 Ol e silme Sl 5 590 ol 51 G590l (550 el S g 35S0 s (ol sloygme S 0> (4 3y dlie
0Se g 3l 1m0 I3y Ghigel (s ytand g it 593 038 ) bl L 1 4SS e el 1) 03 e (jgel Bll ISl (5018 g S, 5l
5 y9ss Sgpd s Sub Jate 1 93 ol 5l 390l Albians (1 y90 b Landim s RAMOS .causls (K T Jlasl b By g5 o 1y ] (st y5 (sline 53 €y
@55 Caenl (63,9 G550 L badye (slotsty lieds S AST L 55 (Ramos & Landim, 2023). DeFehr wlos S o |, (S0 ¢ alols ool Jlis
9 pale 45 43 oo LS plre (55 5ciS yin 4 bgsye s diwly cpen j3 (DeFehr, 2023) sjlu e diws p oy 5 38 3 1) 005,550 38 & jasie 5 0l&
oo & oy dlaly 81l by (Hadjipanteli & Vrikki, 2023) cuol (6,505 & o ool 5 g8 penly (323265 5598 1 ool S 4y Aty a5
wlabo S ol Byo 4 5 ol lpieds ) 150385 025,55k 5 olan o 12 45 Sl jgui 31 eng ol (3S0m et 5 355 (sla ) 5 obisS (slaply dyioxe
D9 Cnd S o 125

OISl 50555 S50 | o il 395 5 s 355 ol o > (S5 el 4y i) 35 olod] ahogs 5 Cusm Jyp b 6y g s S 5
P &35 G 5 Cagp ()5S jl Indellicato )l )18 (503 3)53 5k 5 (b)) eanlie (5500 53 jetie psbody &S cosl al pald 1) placyse (655 S
owed 4 (Indellicato, 2023) w8 iy sl ailyslid clalaxe ;5 (Sl Cugn Joo b ) 395 Coms b b5gel 45 amd 0 LS 9 05 o0 (P (S5 puas
2055 &Sk 35 S g oMbl 5 L L yo (5598 45 wmd o o5 clodls S8 4295 390 > (550 (slalasma 13 1y Ciblye g 030> b &5 SWlas i3
008 s o958 lgieas € Jlomd Slusl (5,5 porde b 5 der i Gbieel ,3 (SO0 et al., 2024) amd o JSi5 5 1y (6559b 3 sl oS ) lie 0400 ¢ ible
s o pa 55 Sy At il (G20, 2024) ol SojlgiSs bl > bl laddabol i 905 005 1,55 Sl el (69l 4l s
L g b cshlad £55 45 5 dotiim | 355 955 i 1 45 35 gyt b 45 0 313 gk b (S5l b ee 43 28,3 o o )
S o

S35 3 e 3 JAKUDIK 55 15T ol 55 S5 5 a0 psrie 2 23 Sl o9 B i a3 58 o sl Sy Jlio
oSl 4 o lad 5 )Slas gl (siloalol 1 518 wly Ghjsel 4w co (L5 g e g0 Nig ol dtns) Gloz o il 15 by G sl e Ghjeel 5 €S>
$lo3,S Julos €1 3l sdnld LB 1) Can i g pid liwys (68 JSS wnls addllas > 55 Hilli 4 (Jakubik, 2023). Sandvik &S a6 lusl (5155 (g3429
3 Uojgel sl Gline Lais Coygys g A8 o0 zylae polre slailly b cams 3 1y (5590l ledlys b s, parde (Sandvik & Hilli, 2022). Boichenko
Sy 5 48 aln g3 Sl laslyod 55 LS sl el 5 )il dnugs 4y boype lillas b (g pScan ol (Boichenko, 2021) syl 1t Lelams! Jyo Loyl
GrSole Sygpi g il dswg Comyle )3 bisel (silusalis owimen (Tymoshenko et al., 2021) x5l 18T Sludl dnwgi 5 cudgiums Mo ¢ bjg0l o
sl b 1) Cwy e popd (Rudyshyn et al., 2020) el 03,8 48T Slas! cdgtnn 5 cpobis ard (st G35 e Sgm sl g Ll s oxbaw )

Gl oz b 063 G 4y b S5 g s Jb 13 (6393 50 aSly «leMbl 015 )l5» \9).9 & Hladl 5l s a8 cails

oo ®

ol 48,5 &yg0 (CCBY-NC 4.0) Lales b illas 331 oy ygos dllia ol L]l odi g5 4 Blaie dllie pl Ll Goi> (olos VF+0 © Dl 3> g jore



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

W~b JLer)MA)ugfye)}J

Al ado il 39 (a0)ge Jiomd byl (RalISHUS 4 Gged b €(5lpis 5 « bl (e 03k B )90 4 L5 (659lS b (ool aglye 505 (59w ]
ol Lol 0,5 oo oyt o] SISl 51 i o 1y (6598 ] ()3 & s 08 o e 55 ) ol b I (gt (S S ISl (530iS5 e a8 e 5
e sty Mlg o ailgld Jos 48 amd o Lis 5 € odlanl Cpslod ol ¢ Bjgel Slillas j3 g5 a5 lea b 8T Jhre bs 4 595 slate Amd ol
S5 o plyieas i 3 5 (5l 5 sl (38 55 STEM e e (bjael 5 € pmiid pstio (PINEO & BIUE, 2001) 355 shyas 155 5 a5 sl L o et
XS o 0 )bl 5590 40y 5| momg A ¢ i bl g de )3 ¢ qualsd o B G2,k 5l o (Sarita$ et al., 2023). Monteiro s o walys syl ()lpl 5,8 5|
4 1 bogptio 0,8 )8 S20uiS g Sty 8] sl )3 Wlgie (65lid kit oyl 51 (MIONTEIF0, 2022) At ol bl5 1l ]S g 3,5kl HolS (slac s 45 a5
g5 g odlel i I (lavgrul g Waodls U o 008 pne 4y 05150k

ohiel 31 LSS lsisas il slacsgyoaly (g o Stickney .l ealio BB 35 oo 3k 5l (550k 5 At 4228 (e 2 ko (Bigel o Balo (en
S sy > Jazms ()l (hgal plés] aalllas > piomen (55 (Stickney, 2020) 5l 48T e 4,25 5 295 quaions 22lge B5)] 2 e lSo St Slarno
5 bl 4 o Sula Jate 5l 5 (Stickney, 2022). Brown cul 03,8 a8t g 59 5 olayist olsisas Joo @oyb 5l 60550 5 (sjbpanlyy p qolo
5 B oo By 5 05 wad olaer b olod] agplye 5 39 03w b el > b | Slee o amae oS 5 31y (6l ol b el agalye sloogsd
S ggpmaodls g jgreatonino SelS' Bjgal 5 Conl (San o (3l taigisise y3boly |y s clar 5 ok colSn sitag Cuenl aolSs oyl (Brown, 2024)
e 048 5 Ml 55 5 e S 5 Ll o 4325 5 (530 LISl (o IO i i Jls e 55 (] Gt ook ol 555

Sl ooyt Socud b Wl pe (ojeel )3 (Bl 5 SEM! (slasygld Sl oalisal ol Llos gl g Culgins b (55l Cud oy cnl sl J1 K00 (S
adlae > Habrusieva .aib ol yen Jlos cwss g cdlgiume b a8 bl o i (5] loj cud b oyl Lol cdiS slog] (148 > (sloy Sl drwgs g 3,95 5L il
oxl (Habrusieva, 2022) i o glas 1018 1S 31y (bolsyl g (SleMol (glacsglid Sl (s S0 e 5 Sty b 3,509, wtis] plawasiie (ko Clgtune (5,5 S
@ ygedes ol 503 (ggw Jlamd (gp (SESS Sl JUS )3 |y (BT Elgtuns g Cumdge pansiil (ygl (2UIF Wb wlgls Con s oS md o0 (LS S
b olgiens 1) pbjgel 3 5)5d altwe e 53 (Wilkinson, 2021) w8 e ey iy slasialyd oo 3 |y (8ly bailgy 5 (1S oo Commnl 55 (ool (s
aly )3 CaBye 3 ] jgax 0550 g Lolie o)l woglial g5 4y ()53 1 oalatl CudeS 1 j 038" Jo baylpl I oo oslawsh ol (aladedlygins (pgs
ol

x5 sln Jso 5 ity 1 sy 53301 s o sl ol St 5 o liul oo s b 28 Mo 35 (el (slnytlo s
bl 5l coxy y3 Parsons .ube e (AU ol5T 50 5 CudMs (63,8 (glis ¢ myia B solidy gl Lad e 4o 45 b oo Caen] iy ol D9 Sie
1 cou cpen (PArsons, 2021b) 3,15 3gxg 6655k 53 il dn e Bl ISl 5 ordime il (hb le &5 1S e a8t i 5 ool Seed g )b
558 & s (6l o0 b (glalies iz (ParsONS, 20212) sl 488 1,5 a5 3,50 2l ) Sl g (Sl e sbigel i 1 45T 55 (g9 31 100 a5
314 el s AT (sl 1y 393 byl cal (Kmn el 5 (Sl BB g onisipaaliy Bl (slarg s 5l shegarne 4 51 Cani L tabon S
9 s o5 el by e Sl 4K, S5 8 o 005 s e 3 B 30l o el o i sl gl sy o ) At ey BB
A8l Bl 1) Gl 9395 yeadiils o

o9l Cuplo g (S5l s 45y Slalllas By il 4Bl 508 sdes s iz )0 (Bigel 5 (59l 0)lyd hmgR 4 Amd e (L dgrge ool il
Brito et ) wlawsh asgi n 5 4,00 CuisS 5 oS ¢ Jobi o5 9ciS «jouis 4 ;500 29,8 (Mertel, 2020; Park, 2022; Sosnowska, 2020) wle3,S” 8 ye5

Indellicato, ) cul 63,5 48T bjgel 15 oS g dtnj o o «ugn p lodl 5l s ;(al., 2021; Fjeld, 2022; Hadjipanteli & Vrikki, 2023

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATcL{‘j_M

Brown, 2024; ) 53,8 syt |y catlsS sl 3 (Ml ccudtune (M. cc5y9ld o G 3o oS 3 {2023; Jakubik, 2023; Sandvik & Hilli, 2022
U g 4 LSS g yla S 1y dlal ol &S 513 393 g kg 4 5L lomed g9 opl 3939 L L(Sarita$ et al., 2023; Tymoshenko et al., 2021
oy Sy @y Gcals )3 oabdlnl Ol yss I (Bjgel Glaastie diuj 45 (Jlowd GBS lae b acanl (saol)lS & con (13,8 390500 sl 4y g 403 1,8
Sline 5 (5o @850 5 plao alal (oqddss 9 g (loj 475 b (S3IHS G (s — (228 lllas ll (sl 5 (Simyd aipe) 3 0faga S
Amd gy Con g el (S Sl ing3, 5 (SIS Ahuld oo S )3 1) ote S Sl i
(ol o503 g 4,28 4y p S pas )3 (bigel (53929 aols (i bl3l g Sl o g PP S (§F N s ol (imgSy B ol )

352 O b 3 698 9 Giel b L pe (slaoj plaasiie 5 o Simgly

iR R (owlind w9,

Gl o8 (G gy Al Cumle & 4295 b 3,809, () Ll A8 plonil (Sginyn - (6 pead (ol )b 5l 65000 b g (5 2,09y byl gl
& ool ol Ao o Ll L85 g (Jlons pas 3 Ghigel oy slacels Lulil 5 Sule ople atanl g 5 Gl Carp g SIS Gl
oyt OISl (S 3,505 g2 sl Sy AL1E 3 (S5P5SS jpi (63529 (SIBCIYS g 425 line o0 AL ool (slalaos ;3 (69l ) edlital e (5501
5 Uhjoel bl 4o 4 390 gl (533wl g GimgR (B B) (slse il palyd |y HEAISES ) Uie (6 i (sla8l g At sladr o dacudly pisses
g o ST sl (glads 26 L (Sgiayn daalye g s Gl laodyly Slas 3,5 585 5l (93529 5 (b5 Kb b e Fu)b st I e o |y (5519585
sy lee Slllas g (bjgel ($3995S5 ¢ pole (SIS bl g pales diandd (slaojo> laasiie 5 o Siagh @Kl ol Jold adllas )50 axsl>
b Jlod (slags)sbs (bjgal die )3 puiine (sldy> b (pode 55 gyl & s Cbl (63131 e ) EASES Ui 09 (05 e 5> Jliomd djgal b Lasiye
0,500y b g Modud 09 4y (6 S diged WIS 1) (650ld Sy 9 (0939 (sladely 0y Bres 59CsS S Ll oUlgi g 00gr (530S L bagye awld Cldllae
3,8 8l gy 5> 5 WA cggazme 53 S dlitl 3 g5 Sl slate Sl LaolSad g5 4 (litd sln deedh (6533 (i 5 5 3 bl e
b baspe sl b otimghy ¢ obigal dil Jlo iy JBlao 5 ly98 52 clasipe (slaojg 51 (S > 2] (cwlid)lS Syae JBlas zaly ol gy 0 399 (slaylne
o 0,003 355 (sloolyd 5 oty o5 il g ol (Ul g Sl 8o 4 bles ¢ Jliom (slalazmo 5 (bj90l Bl b (93,8 L (6,155 (il g3y g9
adlas 5l ol o Bl puasl S Lito dals) I b siilis ) iyl Egud0 0)lyd s 5 ko yo (sloodls 4il) el alan ()l ys 53 a5 (0313l g (5655 g (55900 ¢l
bl g 938l g0 (555 USS Jlo ) (el g ladlsho 4 (g)loline S 4 10 (glaodly o8 Bl Aol Sloj b (BanseS ) lie b anlas 5 Clsl au]8 .ad 00 2B
Sl oo Lais cal po y0 5> Blpail 3> cadlllae G s caililogls 5 SlaT o8 )l alox 1 S gy (W] Jgol cstimgly Jolye soled 53 5 Juols pospie
a5 ol Simgg el Glinl Gzl 53 By Waools 3l ool g BauSes Lie cugn gl olisl cleMb]
Ol Camnd | Basses i cuiby g 40 olize cbba¥ 4 olows Gun b &8 dg Bres aBl,lidludeg dnlas (i (ol > bosld ‘5)91315 bl 3l
bsye (6l ool g Sle aiald oliy pealie (g dlime olul  anlae glaial) b (Slb jolee Gl )3 sl 392 0575 (55 U g gl «(s55)otSS
355 (S s 5 5,55 dady o Aiilgny (EASES i bl 4B )5 jlas )3 plydllas] gligS ey anbae jldlo Lol add (905 ($5elgisS atadd g Conyi g ol akld L
2 oablr] Sy (bjgel Kl 53 s (slacsygld Hpds 428 035 Jold o558 Lol (slygome S ol 0abiesd ey ) sladisly 41 (5 900 (19 )
Jizms Gigel 2 (e g oloj 42,28 «byma (68 USS g Ml & oo (s yiaod Sloo Cosmss (S0 5 45 S cord 03 2 (533115 55 0,50l g olas Al

LSI)" d)jt-é dLﬁ_\JJ.Q) 9 L(M.AD)B Ol g ‘_gl.u.u‘ ]ol.u)l 9 )9.a> FW u;;;b :43])51.15 L;l.b:laa}u » ul;o;l.s )SJJ Codgloe Ls ulSvcl 50,\3).:5)[9' u.o{ﬁ)? 9 cdlo! diws

oo ®

sl 48,5 5 j90 (CC BY-NC 4.0) 2165 b Gollas 3151 puo piawd g0y dlia oyl i) .l oiamg 5 4 (laio lio oyl ,Lii] Goi> oles V20 © 1t 5> g 5900



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'b letryb)u‘tyﬂ))l

sladlie ©b)d ¢ Slao (0d (39 sl &1 )SBglS 5 &l S (sla sy oSS lie b (Slagual & 4295 b ool (Slagsiun » G938l 29 Con S (93929 a3
)8 plool (EaS S ) Uie ey b canlito g ol (L )3 g (63,8 &0ty lnasliae 05 olitel gudge (s g bl el Baosi g 05 (slay 28 sy e
oMo 505 £5loodly dalSwaalS’ o pgoy g g baps HEASES Lo BBT Clis) a1 g lodslins aled 391 45 Ae b0 3y dnlins y o ko
anlas by ;3 oddosalin diwe p IS (Bases ) lie by oo b lagye Mol ol gy slacuil y Jold Kol (Shue sl daaslas o
eaplio Lol ilgs b asbas wly3 daosly (ks gos yil53) jglatods 33,5 )|, onliul 3)90 JoSa (slaodly lgieds i3 )5 o JSS Julow sl 5 a5 ola iy o
S 5 ablyn ol s o K65 Sl S8 Slaggn b 5 o o 5 L 53535 sl yim 533 e ol 352 5 (5593555 & a5 Ssba
Fres S 5 w1 Sy 0aiS ol (sladl aliody aly s Jreos Wodly 00l ey Sl g At SRk (lgisa jerje (bl mualie (Jb (ol b oad ol jen
9 malss dbudd g 3 Jaicolo wix HLasl s Lol a1 i anlas algl leialy daosly (ygls )3 )13l sliel cogi (gl a8, )5 4 (BAS S lie slad o5
(g Sl B ST 5 cpman A5 o oty (S Al § i g ooy oSty sagto sloplee] (U slaolSas olsl 9 8,5 )13 LS Limghy g Cany
il coldl 3 apolas (slainly 2l e Y oMol ] 5395 )l g Sanl L latas y canlS 5 Bas @3 clive b 45 ol Slosio 4l iz
8,5 1,3 oolatwl 590
555 6T sl (615, b plajon s 218 03 o] IS 55 clao (25 5y S5 1 25T 5 (Sing - 51850y b 3,505, b ool Lo
oilgn JolS jabay Jb pdin dnlas ;b (pio (st Al ye 1D Dgid p2l)8 padlae (o0 ) Gresd Sl 5 00,8 jasuidie |y (six slrdislas cus wilen dgl slaaidl b
5 915 lolid (Bigel a5 (S55S5 oo g )25 055 b Laipo line (slasnly s 29 bl 0SS Lo pline 381 g 8 IS (slad | Sitimgly b
15 5108 5l A3 (055 sl clasS lins 1515 1o (sl e dlye )3 5435 e gy gy Lo b basiye line el 45 i ) alagise b besle
B by sboaS gl ()l 5 g 29 Lt Jlod ol ol )3 laosly (SuVain 5 (S U sle (SL pBasieslie 405 5 ol 4 S5 Sl
o ol el o 9 (58 (eliae 9 8,5 )18 () 3y90 badlgie (e Laily) casldl ) 050l (23 lojle adgl (g ypds sladlgho (B 55 g anolie [SouSy b oline
oS AT lyime Cirogs @ By o 30 g5kl g el o g 53T e Camd ] SIS e o (oo sl jlile el 4 2
ST Jlsod b5eel 4oy 5 dtins (3939 (slacadgime o LISl da 55 da o8 i A5 (W Sigiop punds dlyd 3)b 5l aSl wiled 3950 BauSeS bt
A8 sbigel )3l S s 5l Cunl (S 655 (5595555 4 LD gy 09t ST 8 (6 Sl medli b (§ e (2595 )3 (228 (slmodl el jo ol )3 05
b ade cupanld 5wl e a8 g g Salne shie digSe ed bad dags 9 oyS0d (i b lusl abasly mdylejbe olea BLESS] gly (Slogud 4 ¢ 433,
S5 A 5 331 ) 15 3923 il 3 e b ikl (Ml 55 IS 5 g <l S s Ry (S8 sy oot s Jlie 5
P (orde o 9 (F9) Pl | 2l i U Bl aabil gl (ogpide gzl g laodls degerne cdnlas b CulS olas (e dile (slagisy gle et
bl ¢ LS 6y el Jolpe b (el 9 ST potns duylie dpodly ) )Se Jlgt il el byl 1 deadly slezel coll (Rl 9 )10 )55
005 ) o Sl s 15 ol S (o sy b 6] gy g ol ] e s I $1ng S il AL 3l sl
2 g 95 gy (BRI ES e dguaio 5 4255 b Ll Gl e b 285 )8 (A5 S Lt I (oalass )bl 53 adgl el g lacidlsyy (S ) sl
Gloj o a8 Lais 1, Sl ljl wdge s Llyd 2 Lol pb 0,3 jetns gl g 055 adgl (slacuils g Loy Bt o b 28 I o Al ol
S5 5l pomie (6 9 Cuily ol (6 puunds UL 5 09 o BB (339 sebs il e Lalg) i J3)95 50 (B cageie plomas | Lol ppaliae oS il acsls

Ao &l Jluowd jac w)ya‘l il el g Slusl Casyi (0938 ol p (g5deiST (535 53l

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATQQJJ_M

azdly

sl yole Slallls g (599585 w550l S395ST (3 ple i 9 ool dbedld (slmoj lanasiie g oKy lKtils lobid 58 VA (imgsy el )
el )5 s £V B YD e EAS S Lo s dinld 15393 35 585 ¥ 5 3p0 45 V) ey BAISES Lo a1 A1zblS €8 Lo 5 s 3 o Shjsel b baspe
s ka5 51 aizdls 15 atels ol YL 50 51 a8 b Jlo $Y 5 ¥ g Lo 5o B OY atels 5 45 8 (Jl B BV atels 55 45 5 ol ¥ b YD Lo ateld 3 45 ¥
s pole 3 8 ¥ g oebes ddald 0 )3 55 B aiaSS 0jg Hla3 jldg AB ) (el Syae (Gl J8 Y 5 (anaSS (655 Syke s 43 W e Mass
g Wl o Sampb Slillas b Laspo (gl lie sloojsn )3 58 ¥ g (559985 dhld g dbuld 13 18 ¥ Sl (39l 5 (oBi90l 39155 0 )i ¥ epd Surteli g
S ot 85 g Jlo Yo B Ve G i Vol Ve Sl a8 )i 0 909y it JLo YY BV (e (B8 Lo cimgly b (5001 csole cllad il aimily clleb 0]
st b b sile slalazme ) a8 (63l 1 (sitee 3590l b pions Ag2lge il (BALSES Lk (oles izl (IS 5 glad s Clleb il JLo Y-
loodh 1b carge (55l L dpplse 95 5 (o ccshad > Al i) )3 55 g L 1) (3995 (Sl (ool g dhunld e 53 Gimgdy b Jlimd (gl (sloas
B )36y i |y S g S35 S ] QAT e 2505 3 s o ban ulo 3,513 ) (o 9 (i 165 0l ] o lnaslas ] ool
a3 ol 4Bl Lige oz 5 (6500 @95 9 lo 1l I sl STol (S3s8 b i sres (o 3 (69lib 8L b s Joud (sla)lil (slacl b L3
IS st &5 gl Sl (58 (relae jl glasgeome 9 Lol (y9eie oz (6l malie g 4yl Sladlgio ( gline lassly daaslas (o (e (135 pgcd) Jlos
ccal ods &)Y Jgas 5 Ll

Pl Gt 9 (539955 o 0,01, SERSES o 4125 31 b il 59 5 bl ouobina IS Jibes ) Jpa

Syl g =5 elas kel Hyede
d.gdwﬁjslaﬁl}&;il)é)'l‘)&‘obc&ﬁfoliA.Q?‘QAOWJU.:Q._:.Q&)SLS Ghie ade obsh LB Sledbl 4 iy o egd B
g S Find 5 wedoe B Loosls Cupae 5 GbiL @ (emies Sl S GXlas SE Cusl e g g (outed Ol 5 s SLEST]

S e a5 ) lam o KT 5l ol S e (Gdiad) )|
o9 0575 g2 AL AR sad e 1) (55050l S5 e Stz (sl 4 5 g herdl sz STy ol (Sojols glacols 555,50
D108 oo Sl (5095 b gl Cnd 5 sodOe> gl (Lo 4 ,o0 0nip S0l S ol & Simly s Cuge Sl ‘Job 0l 1 S0b (5092
dop ity Goyb 5l 4838 51 i 0550k g plae alal) (Jlizms lazme 10 i toei ¥l Sl i) jpa> palS g o alal, olTL
e alaly LB s 5 555 o aiealauly lagm oS 5 0 Shos slaiasly  abal, (odis, Il s ol (55550 Cind tplee i Sl jpam
b oo Sial3dl s Slee Cu pyae g lgiore Jols o 550l
SIS Sl 15 00,55 Al s 0 BI3 |, (5995 BALS ES s gl to Sty sberl syslid 5 AlalST asliial 5 SogiS Sl
659555 o 5o a5 asls aST 6 ,0ld b solinl 5 AlalST woljl ol ey cupaijb fdige] DS g il sl b S Jo o Jeol Sy
il Sl SE Kl 4 s FosiE sl slalos G3ld b 83T G (6l a3 tpedes S Shsl5iS

el aw 3 s |y ol Glgie 9 o ¥z L by Sl S g (59985 G S BRI S lte w05 & dmd e Lt ) g slaazily

By QS8 e 2155 55 Jlomd (559955 oS cadls 0,0l lno ol @0 € lagz g 2> BLESH 0gus (395 S (im s pgoniao 3,5 o (ojgel (slos s
4k 655 5 Cul paiadl il g5 4 @gb o (A GBI (S5 4 4Ll )3 1y ol (gla)lne g5y 4L 5 (hjsal (Slsime i JUiTI (sl slabos
SleMb! | (s gazeo 4 bly (6 s’ dalyo 5 5y Sy o i0D S SV (65 Juols oS0l | i (L (i 3 (31 5,5 oo A5 K05 (objgel e
ias 35 ya5 Cabilo (ol | JEASES b cutls 18T 00k (25 0956 355 50 (ST g ped (igeie Abee S bl g s 08 g B

23 31 )9l el plty A (s g (S8 5k 01135 (Stuwly g Sl g DS Cusyp inlS pleel Jo5 (5)l555 gy @y <8y sl il (5,8 S

oo ®

ol 48,5 &yg0 (CCBY-NC 4.0) Lales b illas 331 oy ygos dllia ol L]l odi g5 4 Blaie dllie pl Ll Goi> (olos VF+0 © Dl 3> g jore



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'b JLW%)MA)L«.&‘(}»:e)}J

555 o 9 1l S Jb 3 55 i ) o 3 LS pgs (ganio sl 00 0553 05059 4128 bl Sl oty Sl (e Lo Sy a5 (]
Sl s @oie lapasls obgS (sbaply ooyl Cls &, 1) 355 sl (g0 b Jlizms lakaes ) (Sludl abul) codeS 5 (oIS i glaailis €L )5 om0
390 ST )5 didd Sy 19y (49 ST 45 Widgs 4ol ol p2 EASES Lo 5,5 oo &) Wiy oy (£y295 pylan Cygancio ) D59 b ool (laileles
3 gl Bl & (ol i e )3 ST S8 60kl s SIS 415 5 (50l (B 559 <o Sl 5205 4y Wl e 05 51,8 o0l

29 &39S b Jlail s g oniy il aljl o &y o S5 (S48 asly ¢uf:)'9a—‘

O £33 ool 5 (ol 9 Wi1s BLESS] bguud (595,550 ol (ygouio T Joua

SEyayp - (SEUD sy el Al gline salyd Shl2 =R Oye-dae
SFasses Lis
cé.‘.;fo)l..f;‘
R Gpan obel 03D 4 Ll (2yme 0 G Gres anlllae (05l il 558 Sz s AV e gl s
s SebB b iy 5l i S8pme Bl 9 005 (o0 5 979t laygige 4 (Siuly tr e 590 b bk JB Sl
Dg g0 08Tt &3 Aedigr sladilolu
BB 02,88 oo ey 5 ol oy 5l (s 0ley o (Shog o tmely e 28l A0y Sy Bhie 4k
Wl S 557e0,S 5 g 6 pSoll g obsS (hjgel ez (Vs (e b agzlse gl s
00,08
7957 5 bl p GaB e (o pme 13 6Tk Ll 1598 O)lee t033l o e a5 e #1F PRl S Ly gl
@ oo g 00,8 Sguma | 6,0 Bl Wi 5,58 pdy lete ekl El sezetes Ay el Jeos rals
Ao oS 1y pelaals jel ply jo SosuS ool iy 5 slogealy a0 biled ¢ plizesiz 00925 (Sd s
Ghie byt gam B osh oo ST 0ni S0k sl amil ilugand goliitn Gl il AW et e S

Bl 5 onmlie 331 5 0ud ansd Lo o5l Lo yiily

oddodalin mlie b dgasme ¢, S0e5

GBI L aglge

g o il

O 4,25 5 Line 5 13 1) (B0l (b Jizmd Sl (30 U o ke QEASES Lo iy o 3 ot € pla 5 Gl BLESH 0903 55 S (gaie oo

ceomyiand Cdggr b o3l 03181 b o o3l 48 398 o ot (SleMbl 4y gu 58y (53l ¢ Jlisos (slalasme ;3 45 1558 o pad BASeS ke 5l 485 035L5 3 oo
Tl e 4 S S0 ol ord sl b W5 5550 slalis b AT iy G580l 51 (il T oIS 31055 0 L5 (558 00litl bl 5 b3l sy
015,55 funl 03,8 Dbl (6550 (loj 0yl s (g lanl Jluons (clad &S Woby muses 5 133,86l )8 5 G puo Blaio dde 4y j3 023 .33)5—1@ &9) oale]
.\Jlfl.g(gl Jo.’x.: 9 @|9>)Ls Yol Ly L§>L.o L ‘_s.a....lﬁ ‘d)lé.i Oge L 4&?]9@ 3 o594 Cumdg u;l sl eolal J;lﬁ Lu)...: 9 9> 9Cum> J.,ls 0 yuid ‘oU5§ |19 .))I.) )Ua...ﬂ
5 b e diuady (g pSolul B asul il 55ge] (slaplas )5 48 Line o) 4 S e Rolus &Y all I 5 BAS S Ui 51 L85 03 lga g o IS
L wlo olbsiun o 2bid iz 3 S0 )15 425 2050 29500 ($3529 JPO b (wliBdss (ot (resS rge o sl | iy il 3,Sle et 4 a5
@035 oy 0,133 (b iy Al 5wl (Ko €IS o oS il (65 IS 4 T 5j9aD b B3l sl w0955 b (ams 4> Cyanil? «SBgal il
Glacgemme yiwrg b gl aS Sl 13 plie e (Ul W 5l asudly Jlious baste e (slatoly 11y plogl oo ilS 35 485 03w 0505 51,3 & )lae g 0yed
O A 5 03jlpd oled > Bl S (2l 5 (pD9) )98 Gl b Ao o oS A0 g yea (nl G A ]) 02 SOk Wl o WS oo W)l @y slagesly )

bl Jazaw o 3l; ks JSis 4 0 lgen 05,50l iz hjgel 5o o aimils a8 Bases Uie o) 3,8 o)Ll il b agalge 381 a3 S5 55 agis,oSl

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATQQJJ_M

2 390 (e Siloeatd o)l g bageanas) eamadleiiy laalls buwg ol (o) Gia Slgowe Sl care piu &L Wil b s (i 42 &5 A8 (o
Gy Xy g €yzaidly BB €nd BB ludl (olp dosT (a3 KB 50 g o 3)lg lgime JUs! 5l 51 518 oo 4 (gy9lid ¢ gy (6 Hlate 5| ool oy

S o ) 58 ol €y gal

» oy Aaly 9 005 58Ol (63939 CL (F65 500 (duol ygouio X Join

0875 = (S5 sl

75 sledge

SFanses las g3
oS Ll

=2 Hyeae

9 S gz 4 S yele jph> Sy 5l azg

plil dacdel dao ey le pylas sloal>

SYsb aslas (g lads (oodled Wz lojen

SEVF

Syt g 4z (SasSy
e 35 o3

Gl JIg 4« sl 5l sseel e
b ge S 2o e BB 5 g e

Slyzme 45l (Koo o 1698 aul Ll
6)"5‘)[{ L57u).\.> _x,.,l)s 6‘)‘.’)’7"4 V....fblf fot\'9§

S0

oley 425 5o (Sojobis

Siedbanly bl 4y S i jpas 5l G 5 alal,

b oo B Hsreainly o5

6[.:041.’.".5 O 39 f0 > du0 4 .Ioij)l u,..,aslf

W‘ijlxad.]a)l)

bl 4 (Fey0 4,5 5l Wlgiee (segdoe>
g dtaly 1503 oS 5 (Sg

3,953k 4 (SKwaly oyalionys

Jbazes coge

) Sl (e plre 055 90iS 5 (50925 Lk
055 8 Shpae g (b ik abales

o5 lss 5

R & 0 5l plae oo

s Job mtdops Gy S s
palp iy b sl cuwn 58 S

JEezs Sl 5l gas e

O Cwod uals
il g K5y

OB S S )l 1 585 003l )l Wgy (g y dlaly CutuS 5 005550l 04 oyubw OB AS eS b )00 50 Sl (5)9ld &S ol L ¥ Jeds slaaisl

(SoaSes e (sloo gy Vel doply lajen 9 o sl Jobl o] izadls o slalame 55 bl (sloaly (st (S |y s (ST,
s S prls> Byo s laie ol 1S o i 0B sl I slasgome 4 1y dagi g o33 2alS |y diae 35 ye5 Cub b SleMb] siaie o 5 elos]
35 58 035 o LS Caliuws (S, 355 (A Cunyd 5 3930 o 1500 9550 & 930 1 Lo sl o 3 o8 3,5 o S oler 40 J ool g5 4L
2l 5U lgieds canl (Koo )5 g 2y o ped ol sl T )3 a8 WS e sbul eih uygd o5 Jlummd (sliad o)l il y3 sl aST o 4oyt
s9 S IS 155 03 o 550> S S5 o5 anlo ( BHEI 5 (555 gy 5 45 gl (6,8 IS Sl e slold 5] sl oS Jlo 095 i
S e a5l |y € iy 5 dlayl dad Log ) Lol el 83,8 Lais | lgimen JUisl 1Sl (gilbome b)) a8 05,8 o T 53,8 ke | 05,6530 5 pleo dlay 55 sl
& 355 5 033 Nigdgn Jitia 5 (slaelaly o 1 4Bl inlS Jlim baga 55 il Ay il (Sl ) (g o 5 0155 a0 oS oyl
odimgunl g ¢S Lie 0aiiS J S wadSS LU dgiome pde 4 48 315 J15 T (om0 50 wlae 680l (cladilobes b yiuS b aS Kby A g Aisdld o)Ll plae (EE s
ly s oS Juteud 9 e (550N Ko 1658 oo (lgic s wlre (i Wl oo Bl GBI (1B9) Sy Cole g ST g nl D98 s by 4 @
955k )Se> GRSy ophiond (e Bo)b Sl ]y 295 wad 5l (i & (o393 1S (P Jliomd (sLad )3 € oled 3630 (g8 yor Sl i 5 03)l93 S hnd
5 3 s Jimmes b 3 025,530, 45 2ol g5 5 252,508l 53 5 o Sy IS 4 Cales > 45 5L 33l o Ty g 9 ) (Y
S boslaed cunl (San il & sl ()T Jlzos uis)‘,ai 399 s yills oy cds I (S &S ClS e o dBl pl peandi )0 0y 4148 Igioee Bpuas o3l Sl

9 alge oS855 cplis slastany b g jgel oo 45T (slino b oB3g3 b bl Cuojd oS Lol el 15,

oo ®

ol 48,5 &yg0 (CCBY-NC 4.0) Lales b illas 331 oy ygos dllia ol L]l odi g5 4 Blaie dllie pl Ll Goi> (olos VF+0 © Dl 3> g jore



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

W~b JLer)MA)ugfye)}J

PS3P9S U )3 Juol Cun i g (S39uiS el (ol (ygenie ¥ Jgua

Jal o 90 (o 5 sl

oSS e Jlgly3
cé.‘.;fc)ual

=2 Hyeae

il & 4,28 00l (e 51 (555L8 oS

Codgazme el Jluzus golitl olgw bjeel
Adlxiie Sly 5l 5y ¢l

LY

5 wlalST o a0 S
&8 b o]

b 5 el Jors i halss Gl
i Beos

il 3o o3l 1 gl (655528 5L slatny 25k
oole! c,.ob

L\ E

S8y by sl
el

B> Dy g Gy ahal, Cugls
o.»'):feb"

Colan 165 9cds dgize JWUl 5 Bro (S i ialS
spmaline slacoadge ol ¢ hobs

Olyiedr plao LB 555k
d&\ o.x;itif

Olej 4,78 5 S5y0 ga> S el obsk

(el gt sas adlllas ol a0 slacled

Srya> &35 9odiS

@ ools caiSBpas oSl bows
odv...:)ﬂj M’:“

S Hlin f >l gl e Jo etz adgs
shelss

Sl 4 5 GBS oolaxul

S9L8 5|

5 o b & il el ) s pSsl
Sl Sigy g

f el 3,555 (Jloms ¢ (g 90> bl oS 3
S0P 45 4 Ay

Sl alaly 5 50> Lais

=5 P Gl 5

wedgis b Jlizms (i5gel ol Sg

@ 4555 16 pduCalgtne 15 yslid o)l IS el
loinl s Sl slaasly

wo 5l udlye slp Cw s

ol 5 650

itie |y Jioms pas 50 ol (o5 (68 JS oISl cbjgel (1 @lyglis BT 3l 02,28 (claslinl o e (A S lie o amd 0 (L5 ¥ Jpie (slaaiily
el 4 cutSil b polid maliS LS qeolil 5l bl jokate 35,8 ST € oy9lid b 8T g alalT cond sbml ©ygps p BASES Ui 5] i odin sl e
i o ol | ol g sy St slal3 S sl 023,53k Lo ) 3 352 o Shate 53 oS 5.5 35 (5 (639585 S kil bl aSly 055 Jomali
PE g 5Ky, Sl j 48 035Ls LS e 2l CELS § 428 sl (plaedgione 4o g Mmoo Ty 5l O] £95e WS (0 CogB |y o)) g9 4>
S 0,550 L 1> o8 8 sl lacusbon Tras sy bioel Lo (o1 o155 aizadls lel sl 5 it oo il & 5 sloginly (gl 1 (e 1 o
iyl 35y 00l S (oS Aliuns b 1) 398 sl G g 95 dnlge Cilisie slaolS s b aduiin o 0)lys o33 &5 1y oy gty aSh s gl 198 wils
sl 3 Faas 15005 1505 pheo 185 35 ] g yins BB oo s 900 SN J i s o (s pms o8 308 Ty 5 sy (515,51 oo 8
S8 3 4 458 5 G ol B (6 el Sy 53,5 ST sy, o 438 Sl IS e (ol e soban (i (2 393 i yne
Srguns (g dlllas (g8 | oo g3 Sl By Sl jglate 1538 sl |y (objgel (slalae ;3 €Ay GlalST Sk )55 03)lor sl agdiss (sl 0L
Gpan e 35 5 035l 2K dlold CleMb Ay o pan 4552 ) W5t 035,53 b g i 4155 9 o3nlite ¢(59> (595 908 (Mol umgiclaol (Ml
oy laliae ST Gl chn T Lok pSb a5 5,5 8 Cn i csd Wl e Sloj 6ol U1 a5 oad BB ples o 51 EMS oslitul g (g yolis 4Maiie
(slyone o35l > o 4S5 el oslizl 395 S5 e 5 by 38 35S (sl Jlmed 3 05l |, a5 a3 plol gy 3 il oS
ST 0,l50 S (a8 01350k 4 bl higel S5 cpl 3 . olen 9 (6500 g5 5l cudlye L1358 .St €eadlyon b Jliomd Cun i Sgm 0 85 0djw «ules 53 A3l o3kl
P 659985 b ogllan (o G B o A Sy i) SS9 elaial b (M (pogat i S b bty 053 (S5 2 (59l 5l ealiz
5 oo S o LGl 51 GBS (150,00 Sl cpe 53 g ookl clalols > pdliasl (sl Ul sl 5o 4ol b 53 4 g JolS Bl
btz (sl )il b a8l g g0 4225 Sgym g (1S 3 S gty polae (Bigel )3 (5555 &S ol it GBS S ke 56 s daaidly (sAbgex

Sl sline g plao (58 (6,500 ¢ 295 b bls,l o950 cagi cadS cjloj 4y50 (il b KT ogud pr (6y9ld awl oaSwn)d (bieel laa 5 o] (g

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATcQﬁM

)WdMT)K 5 ySolus S& ol (3 93,5 o0 18 (505100 B g 3L LB cr o slrodls 5l slacgazms s b bad (S yme pd D (st pdauw 43 3)l05 0
3 5 (698 STy ¢ odld Jlasl sy ] 55 & Db oo i Slaz 53 0550l ped paw > S Ade bieel lgpline 5 (6w ¢ Lol sladis p Wlg e
2w GhalS ]y plel Jood g (inlhgd qgSw (o ¢35 ped Cadyls Cusl (Saw &S o]yl Sl 0ad b gole 4,00 5l isw 4y SleMbl lad kx> lojen
L e bye KeiSe b Jlizas o pals  apicl daalobe 3ol J 212138 oty 03,530 5 whas 5 Bl (r9an 55553 (o ) 33 (i ey o s
03,8 slolis Jiowd Gl cmed 550 1) (6,500 gy oSl QU‘ Al el (g59ld 4y s Wb S 1 (60,50 4 BaiSeS )l oS o> L Wbl (Jbs )
Jlmud pas 3 lail s diby olate ol 5l sl €25k b s 53 sl 391 45530 aSL ey €595 1 53,8 o3litl &eSe By Jlizud pas )3 j3jgel
S gpSojlul BB paie b OleMbl 0uiS'G s s 015,500 OT a8 WS Lis |y higel j clams el gyl slacad b 5l 6 pSoy0s cyeus a5 conl o

25 JSS Glags (03939 Sl 5 (6,503 (loa 4 G 03945 g Jgtume 01395 Sy  Slusl lgie s Wl aSly crisls alobs

545 g Sy

- Blaluy o b pbol Juon jas )3 gl @392 slacals (il 5 Sl Coi y SIS s (55 0le s Ban b p3l Jagh
s b i 4 pogios Gl8) Jlis (slaf3) 5,505 g 2 o e |y o 5 (S399ST plon S o 3 (5 NS Mo 5 S
585 oSl g 1518 5 pleo dlaly 050y opdoss g e (o) 28 (i AB ST 095 53 i Baes (Prlaws 53 (£y9lid &Sl ol S (Bjgel slaail b
i g iy daly oLl oSl 39y el 565 5M Kol g il BLESH agud 565,53 Jals Lol (ygende jloa 55 bl 18 o alslie Lol
o) Sl (Sgpm (shole & GBS S Lie jlaie I (69l & dad o Lt Lo cpl Bl Glejlo €(GGiST 3 ) Jeol Canyi g (5395 b 5 €l
oo b (23l otz 29500 iyl (RiusS 5 55N (B sel il b gl agalge s (] )3 & (BB ] polas Bjgel (BLIen 38 ) ot S
et by &5 (gl o b oo i)l s s @0 Jloj 5598 (0] lons o8 a3 o i (55 10 el Loslyon (00T 5 (55905585 ¢S la i | Merrtel
ot Aiojl ) e cglino 5 4 5lib Slgus &S 1S o 45T PArK yizman (Mertel, 2020) 55 oad lan b ool daly ol lobo el (closad olsias 4 o3
o3l 5l alie JUil 1905 1 dre pSl gl S enit gycnlil (Park, 2022) by Jis )il 5l eslatl ©)lee & L5 g Canl (5918 5 sl s (o203
D) (s BB (pgund drge (hudd SLadl L €5l b cund 3 plusl (39 85507 4 €553 5l
Sledbl 4 il (o) Jas bl Jlows (slagygld (oS (S es)lie o5 ol (lis olea g pls BLESIT 0gd (35553 (g ¢ ol (igmde (it
oy Coenl (650l Hlate jl 4l cpl il oo Lasie (I b drplge 331 (b oot Sl g placd Jood (EANS ol SE Cu gl sy Bhate e (objL LB
5 (B0 33 55 g ge (0 Sl o9 oSl el 03 9] s 4y g g &y i Sl g Syl sl & G ol 300 (698 > ol dltis |5 )05
3 Wlgiie Cpm anljd 09 (5355 53l pSd Cablb g g piomie (e 35 (8198 (o> srgcan Cubll bl Baes il By ol 8 S )18
sl e BB Sy g maled bl 5 1,550 51 SOSNOWSKA 4 b does ol b s boodld Cypte 9 Gy 1 (i (643l 4y (6o 9 (ol (sl o
o BB gl &2 aliued (sl ()l B 13 55 higel 395 5 5 )8 (6,58 (sl jlane dlalus o 5 (sl i) g lanl 48 39 e jaltne elSin 1,8 )15
Obsgel 45 amd e lis (BLbcdme pol ade ply 53 (B s ol (635 Lurib Cyg i 0,b)0 o) Ka ¢ BllS Julow piman (SOSNOWSka, 2020) 346 wd

(Billsetal., 2023) &5 4> g5 55 cypmdld 2lp8 15 olasl 350 (SosKa a5 L 4l el 4Bl Jasl b adgs (il Hlade as a8 50l glojles Giwy cpl Jo> ks Slg5 o3

oo ®

ol 48,5 &yg0 (CCBY-NC 4.0) Lales b illas 331 oy ygos dllia ol L]l odi g5 4 Blaie dllie pl Ll Goi> (olos VF+0 © Dl 3> g jore



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'b JLW%)MA)M‘{)»:e)}J

O sl gulidps: )y > Misiaszek .cosl oy LB 55 Jiomdluy slabame o)l oadgjhe colio b (bjl B cledbl 4 (3l Jhas b Lo po a2ily
SNl slacdloy; 5l Jits S5 (il 5 005 oty poles slalazs 13 (6556 5 SleMbl 03l (sl oo jpo o Am3 0 (i Jlmdly 5 SleMblinns ]
SleMbl «Kinyb 3| Samg G1AKS 5900 Sy 5 waled &5 Amd o Jlis us)d by pordo 8355 b b 55 (Misiaszek, 2022). Pacheco sgs o5 455 9 3Jo5
OB B8l (o m )5S o)y 3l gy 4l ecs i (i 3 (PAChECO, 2023) 3.8 sgu0m0 (IS pams) tlgme a2y ol el 9 0 )18 (slozl ap o s
THadis s g e pebas o picly eloylislos 3,k 51 435 51 s ebsloo Caslsl ol (6l b A8 o il 3 S so g3 g ebipy oo 085555l a5l |y 008 oo Ly Ui
lliadis, ) awsl axsly Jud 28 o)l slaplss 5 SleMbl ol 2 0fgw & (2SS 3wl o a5 slacs )5kd & w030 L3 55 S (2R laasis |
255 M5l 5 IS5 wd sy 3 4 55 S Slojd sgbots 155 e 4L camd o By |y i @ (gt Bro il (s i ulpli (2021
sl 4wl 5l e Jlows slalasme )3 (BL5,50L o 03 sy GBS ES ) Lie g Solus JSE g oy 4de S Ggeuda b e gl 5l 00 (S
s Jones aST L aly oyl ams oo SEnlS | Lnotia b Jlodd (el sty JUS 55 (yilo b yol ol 5 35,15 otmlito B 03}l 5 g oo e <obisS eliions 658 el
o5 3280y ol 512,848 421 o 2y Slo S ol SIS (3 45 o (L (9 sl Lol o 50 )3 Qo0 g 5l g Bolatels Lo 35
lpedr Glge |y G a8 a3 o L 9 1S oo dtump Bg0l 1 1y oS i Fjeld pimen L(JONes, 2025) 5,5 o dlolds ondipms i j slagl g
Gl Jlzmd (gl bl Sl (S & wwpe ol Jlate ol Sl polb Gty 4l (Feld, 2022) 58 Sy el (Jaid & gy 5ok 428 5l oliae (ot
alold (6,5 (Sl JLid I 2l 4S5 ot o Iy oy bl 2l 1035 IS o Wl o 02580 il 52 5 gl sl (658 g gy Sl o5
25

SRS g (il Cuoyd (il (loj 48 > (SOLS g (SASn Sl w0 pSk 392y acole (S5 (n (pimgh (ol (gede (megd
35 el ypin 0956 48k g (BLE loo S Byo Cang Wl 3 g o sl 3 4Bl ol Canl amd o IS dtas S e ISl cilieo (slacS e
oLt g S oo AST bjgel dnlyd )3 (5395 5 g g e Camd 2 5 )Sul slate j SToed oo )3 oylSen g BIito .cul ples 5 6,503 gpose
5,8kas LiBlS & gy o (gldlins il lgiso |y gy Sl el (BIitO et al, 2021) asl bisye jois 5 5981 5 ol CotsS b Wl o Capryi & Limd o
oy Sl 5 028 (ot s S 3 Cign (gl (6508 o b 29 n Jikta 50 3m 0 2 m ) Lol o sl 00,5 LA (o0 (slalins oL luas
cusls anlgs 1 b lslie

8 1S5 ] 3 &S sl 03,8 bl il o ygb (o Sl Shjsel o wzdly bl (BALSES ko g ey sloaibl S5 ) 55 (loj 428 S8
Gl el b Sladl 51 15 90,8 oo )l () 3 polee (s (slady i > KDY porie b dliuws cpl g 425 (10l lsisdy Cunl (S gy g
i (25wl D9 2 g Am3 oo g €3 o )3 A L) (b9l oS (55551 2 15T L JAKUDIK el g0 (sla g3 42 Jolis LBy g 4V iz
iy by 638 IS5 2], Loy s 5o 30 Hilli g (Jakubik, 2023). Sandvik x5 i wljl 1y oasl o L2ols ¢ S35 b 65 dlay], wlgty somils o5 45 o 15T
S &S Sl o] e p3lo il gl (Sandvik & Hilli, 2022) wl o 30 (clad o Cogn (55 JSS 9§ (05 51 sl B B 1> i g oad &S dimd o Lt
A i B VIS &5 g (59,8058 &5 48 313 5o abalej a bl 3 5l s L) 8 a5 g i slaie b MolS” il e il

OS5 ophdodd i 4 Gl (S0s 28 agdag o ) & mdg 1008 0, Sl Cogm b € ailed 380 (6 IS 4 (BAISES o (500 (yem 5
b 555 O g ol slyon (559585 s 1> Cugh (03,5 o)y Indeellicato Jilow b 5o 4l 258 aly Sl sbad > (nlygs Lol 5 oS0

3 diblse 5 b ol le ge 4 4255 b o )Ken 5 SOLO (e (INdellicato, 2023) ws' e dis p 5550S slalae )3 Sluil Cogn Joo5 b dgalse 4

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}J}}ATQQJJ_M

5 (S0to et al,, 2024). GAO cuul sasbpn > 5 035,53k oadd o o able slul b aSh «any 515 6K gjlo By (g)5ls &8 aimd o (Lt 6,50k 50
gl sy o amd o i ol 4Bl st )3 (G20, 2024) sl 03l )18 48T 390 |y obigal jpomacsyglid slabame ) Sz sl (5,55 Cog @90
b 5 5oli] Cad 9 395 BB lad ond plofl 295 9 dtu 353 Gleo b 48 S8 gl g jpol 2315 & sply 4l cadly lyslid ©lae 58] e Wlgipos Sl
S )8y ek 5 dmslio b (slaylS il

1) sy US55 wlgige dbli)) Il (5508 325 b Sl (5yskd & 2008 (e (BEASES Lo gy sl ppa g (i dlaly D3l el (e peses
S0 ats 5l a8 ol liwlyea Landim s Ramos adllas b o ol 8" s (o pde o8 5 olgime ciedlawly ( 5Molss 4y 1) 005550 g pleo dlasly g Amd puuss
RAMOS & ) it (45 5 ($2929 somtlio (Bial 4,25 15 (6392 5 (035 12 o quedgy 1K Aol b Byuo (lgioed |y 593 ol 51 joal At aimd o oL
P s Gl 5 sl S (b S e (25558 i (s ompstds » VrikKi 5 Hadjipanteli wsy gean & (Landim, 2023
Atz |y (ol 450 hls (63,3 olgieds 02,53k b wles agalye cuenl 5 (Hadjipanteli & Vrikki, 2023). DeFehr uus o asT 3j90] abal, (6,8 s
ol G 255Gl g D 9 i i 4Ly e b3 i By Jliod gl altns 85 a3 0 o5 il il (Il (DeFehr, 2023) sjlu e

I55ion |y 5 o S e €l oS S 5 €SS ol lgioms yaod oy €381 os5sLSD L € pyob ] oo 15 s | JSASES Lo e om
(sBly sloaize; 5 gl Cllad o S o A5 Bjg0l () 4 poeodos 3,505, )> WIHLKINSON sl 3550l 55 aily5lid g 200 late 3gis (slanaly 51 S
OLiS g il o Liedlive Ty i BB s laalidy g (6530 ( Alhb e cuns 35 (Wilkinson, 2021). Parsons sl e bxe S yiie sla S o by,
2 s i oS im0l imgy Jats J(Parsons, 20213, 2021b) 5,5 JiS eriiess b b oJB > JolS ssber gismi |y Ghigel o amd
il el ol S 05,53k A5 L (alyad g Job 50l (Gl b sl ol sty Syl Sl (o 09 40M 3Slas Sy o g S b (g3

s bisd) asalygls lately 18 dgmg b SN e o 3l 5 3PS5 U 5 el S 5 (5398 Sl i ] (gmie ol
s 1y sl pils il 053 Oyt it ) oSt dome ol izl ST £)5ld b 55 5 (0l lalST |t (g8 IS el U1 153,55 S5 ptas 55055
B b Ghpdy 4l ()9l b oy 5 (o2l dprlge pilius 4l )5lid dlgws B0l 4 amd o Lt i PATK agd alS 3 gysli )b 4 s (3PSl e S ule
owimes (PINtO & Blue, 2021) w)ls a8 oalinl S b ailysld alg wgm el 5 «oalinl ilo» psrio b 5 Blue g (Park, 2022). Pinto f sslw
oline ezl 4y 53,650 alols (gl By slaie 5| Wlgi o 9,5 35 5 sl 4 wind oo Lis STEM 3jgal )3 € pupussis pogis 3l osliiul b o, Ko ¢ Sarita$
oSLy l3l5 Loty g bagrwl 000 punn 1y 05,53k &8 3,8 )55 sl Car b Conds 3 Wlgi o Sloj (699l egpclil (Saritas et al., 2023) 3gi i osiiy il
diled a5 1) wrd 5l g 6l g iS5l (glalis ST sy s 3l (gp5l3 L

el g Jos Gl 3l 63k 5 peeciSe (sl 4 bgie Sllllas L 55 amho gy sl lad 5 res adllas (sSis caiy sloml g5 4y Lgype aiily
23ke wald 1) (glite g g Si5 ISl Wlgiee ez 5 ol b s dplse & oo LS gilae (3jgel Glyisds huld (ggp00ly o) o Stickney
(Stickney, 2022). xS o aST a5 5 il panly Jos Boyb 5l 683k » plre a0 )b bjeel plesl cou y3 cwizen (59 (Stickney, 2020)
& Sl 4 Byo 15 Sl Glacubl & aad e ol 5 435 o ot gludl (392 0905 b g 31y Slae b s 5 ©)lae ss Sl i jl 55 Brown
(S (g cladyym 110,55l siejls aSh o)l 5l (6y9ld Bla 4 Jlioud s ) Cuny oSl o Lhe olaadl s (Brown, 2024) g awlSs,s
sl Jluzmd 55 IS 4 ol g b))

SeMbl lagyslé wgn » Habrusieva st b asl cpl ol codlye g cglad ol gtane 1i0jls (65905555 b wgllae dlasly 45 ols 5Lis Cpiomen g} olo

oo ®

ol 48,5 &yg0 (CCBY-NC 4.0) Lales b illas 331 oy ygos dllia ol L]l odi g5 4 Blaie dllie pl Ll Goi> (olos VF+0 © Dl 3> g jore



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

\f'b JLW%)MA)M‘{)»:e)}J

Sl &by 5 (Rudyshyn et al., 2020; Tymoshenko et al., 2021). Boichenko x,b aST oy sbaytislo j Slusl 18, 5 gt s
QS o IS w5eSn (ol a5 an gl iy ol 4 bl ki s Sy dise ol 3 J(Boichenko, 2021) a8 o aST polee ¥ os b agalye ;5 g0l
Gyo (s9a1 e 1 599G (55900 4 ol (gllads ok oy iz KD Gl g (65500 ¢y Crinj 0976 b i 4 (659L8 (> ey 035 53L 5l L Sl
Pdis S5 Sl S a5 39500 S

I sl i 4128 xS S 3 otz Al jgel @ omdodg3dl ol3) Bro & Jliom yas )3 (g5l a8 wishy s pals iaghs (slaaiil g garne 5
s o3 JLail g (658 (g2 2l g3l ey o s il (] Glaie a3l g S erb Sl c)gli 2929 & (ol s (EuSES L i
98 o Sty i Sl oz e (190 Sl 3j9e] 4 39500 Cagh (ol ol Can el Jlho 1 593 s (Bigel ek slalne 4 oy
5 (Monteiro, 2022) 15 o 556 djsal 4,06 s LBt 5 oty 1 sle) , MONEIT0 o8 Lais 1, ogddss 5 Culgiune «ioglidh iz 3] (555 s
»(Fuentes-Penna et al., 2024) auS o (dyro (5)5kd 5 ludl ooy Cons pid slp (Sygpd lojo> 1y (55905 daauld 35 K 5 Fuentes-Penna
oS i D90 el ol b I i sl Gl ) 4 3l )l b &5 Sl pas 5 Sl o8 Cul 5l gl ooy <Y sl
g S ol g IS (6,500 95 w4S 09w S & (1B (3hate 1m0l § U LS Sy Egse 1) (spglid Al B plizmen pludl ol )

SSlo glanse 5 o,Singh oblivl & (iagh GBS S Lo st Xy )8 42 g 3)90 Bl ol )3 1L 45 35 olyen placadgize b ol Siagh
s Soglize olazal g (Simjp (Sl b oy, 3blie dayeed o3 5 (jgel Ll JalS (slesjl g3l ol il (sl o5 cnlpli 9 392 393500 old y2ed
b sl oty o Syl Sy ST 1 Gt g Wloas A5 5038 dssle 41 (6)lol paess an b laaidly oS Cuslinn cpl 4 (B (5 g (&S Cunlo pgd
Jiwo oy (33901 e 5 cnlly coligmtils (gl I s 40205 A5 Corge plaascio B gl 503 cpge S (on SISy ] 03929 5 (alins
bl I izl 039y pdibiolint laosly youds )3 Silaghy wedin 5 bl 8l A8 (Jelod (392 (Sgiepn - (BLS Iy 4 428 b (ioped D95
Slaslebs 578 o5t Jlomd Slacsyoks S35 sVl Sl 3 03l 295 St Sl 0 b 31 ol el (il 5 e a8 C8 potne a0l
Al e bl 95 50 peiie (Jlgd Sl Mol LBl 5 ALST i s puty &l )b 408 slacs g0 (B d9b e cage cllge slalil g ogias gn

iz sba 38l dunlio Sl b aiiS” )y p aillis &jgoa 1) w;‘s},»i Olpte g oy clodso (b gl ‘Oljyidula 4,55 ol S yingh 298 oo dloini
Jhmed 4205 diodipej 9 Syido og2g (alulid & Wi 5 Oglite (Sinjd ladise) 5 lajeed )5 alie Slillls plonil 55 @al8 (550l i )3 (5I5iSS a0
5 os (b)) oaimaoleityy salols ciadgn (Bigel syl Wgo (esias ben Sl oslisul 45 colaiil jsba Wl e el slagiags S oS
o3l 45 ) ploj 425 9 sy dlally (perddgd r g Sy oy n Sl Jobo Slllas pbl piomen S g ($3929 slaie Sl 1) oadigile pasid (6pS3L
599> g5 4 (oBisel GoT yn oS il (pg; Wlgie S 5 5iome WelS (55> SIS (e el slaingy (Sl 295 e ety (55l 3l ates
S35 dandd b ol 5MB] poblS Sigiopm  (Bgglpe lidylasy alo e Sole S )3 (S5 Lauld glacg )l Sledlatal (pl (g5l A g0 gl | (glalay,
S S (915 5 hjgel el s 1 6k wrd b S 4 Kl e STl gtogibluy

5 A5 elalS gy 5 (6590 ¢ 48 s £ ine bl 1 B 1y (65l 31 onlisl el plons a5 35Ty 9 ol ¢ g e 3930 Slaey «(shos s 3
by res adllan I olmojgd Wl wy> (sladely 5lo 5y (Bigal (S 3 s |y Sl il g (b BIgE (S (ol Gas g CudS A5l olaadls
oxins Jisl i 5l cul yig o olalee S Gty JUomd laculd LS )3 1) 03jolil b dlive o g aiio (e Culled wgSs (5y9h> ($559CdS (Lol
slo)l8 g5k s ol 8 )l 2 09dMe L Sl Sl hjgel S oo cagB3 g 598 (i slacubge gl plgicds 5 4B 515 wlols e b lgiee

Lile o..\).}g.)éj 5 Moo s led 1> (555ld 5l 395 o duogy Cpired Wbl IME] Coiue 5 Jlzud Cuga | cudlye «leMbl oolasl bl g Co e ¢ ol y5N

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}&;}}AT4Q){'M

bl 5L g (yalid LISl e 13980 Bl Bl plas coles > by alS lgite 4Maiie L puna g a5 o3l LD Wgi g dltae o o iloculy, b o imgh
SOl 3518 5 (Sludl 05 Cuss 5 (B salb 4 o B gl @ el B Il B ojle 8 (il s 425 5 JSE (sSs ey 9> &

235 58 00,50 (63939

d‘b)ﬁ 9 ’S-M-\J&“

23,5 g0 (1395 9 Sts wxley )b Lo 4 Jiagls ol Jolpe (b 3 &5 Sl (oles ]

D00y byl Sl il B hiw g oles dllde oyl 5,55 50

&le (o)l

D)l 292 g (28lio 3L WS b sl dalllas plodil 4o

S colos

ol @3l Jlo pols imgsy oyl

@M&‘ ‘}1)"9-0
sl oS cyley (S Jsol 5 cnjlae (olod Simgss cnl el )

Extended Summary

Introduction

The accelerating expansion of digital technologies has transformed education far beyond the introduction of new
instructional tools, communication platforms, and information resources. Digital learning environments, artificial intelligence,
learning management systems, algorithmic recommendation mechanisms, and networked forms of communication are
increasingly reshaping how knowledge is accessed, interpreted, organized, and valued. Consequently, the question of
technology in education can no longer be confined to its efficiency, usability, accessibility, or instructional effectiveness.
Rather, it requires an ontological examination of how technological environments influence the ways human beings understand
themselves, encounter others, experience time, direct attention, and disclose the world. The philosophy of technology provides
an appropriate framework for such an inquiry because it moves beyond an instrumental conception of technology and examines
its epistemological, ethical, social, and existential implications (Fuentes-Penna et al., 2024). Within educational philosophy,
this shift is particularly important because education is not merely concerned with the transmission of information but with
human formation, becoming, self-understanding, responsibility, and participation in a shared world (Jakubik, 2023; Pacheco,

2023). Heidegger’s philosophy is especially significant in this regard because technology, from a Heideggerian perspective, is
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not simply a collection of neutral instruments but a mode of revealing through which beings become intelligible in particular
ways. Applied to education, this perspective suggests that digital technologies may influence not only how learning occurs but
also what counts as knowledge, which forms of thinking are privileged, and how learners themselves are positioned within
educational systems. Previous philosophical analyses have therefore emphasized that technological literacy must involve
critical reflection on the human-technology relationship rather than merely proficiency in using technological devices (Mertel,
2020; Park, 2022). This concern becomes increasingly important when education is organized around speed, measurable
outputs, efficiency, datafication, and continuous connectivity. Instrumental understandings of education risk reducing learning
to measurable performance while marginalizing its existential, dialogical, and formative dimensions (Bills et al., 2023;
Sosnowska, 2020). Furthermore, digital environments may alter the temporal and attentional structures of learning by
encouraging immediacy, rapid response, fragmented attention, and constant availability. In contrast, reflective education often
requires silence, hesitation, sustained attention, uncertainty, and openness to questions that do not produce immediate answers
(Field, 2022; Jones, 2025). Heideggerian interpretations of mindfulness and presence in education similarly suggest that
genuine educational experience involves a particular quality of being-with oneself, others, and the world rather than mere
cognitive acquisition (Brito et al., 2021). Another central issue concerns educational presence and human relationships.
Although digital technologies make interaction possible across physical distances, technological connection cannot
automatically be equated with existential or pedagogical presence. The distinction between distance and proximity becomes
more complex when teaching and learning occur through digital interfaces (Ramos & Landim, 2023). Dialogical approaches to
pedagogy similarly emphasize listening, responsiveness, language, and relational sensitivity as constitutive elements of
educational encounters (Hadjipanteli & Vrikki, 2023). Technology may also contribute to transformations in identity and self-
understanding as individuals increasingly experience themselves through digital representation, visibility, comparison, and
external feedback (Indellicato, 2023). These concerns have led scholars to call for educational approaches that preserve
humanistic, reflective, creative, and responsibility-oriented dimensions within technological environments (Gao, 2024;
Habrusieva, 2022). From this perspective, the central educational problem is not whether technology should be accepted or
rejected, but how human beings may establish a thoughtful and free relationship with technology that preserves questioning,
creativity, embodied experience, responsibility, and meaningful becoming. Accordingly, the present study aimed to provide a
Heideggerian interpretation of the relationship between technology and human education by rethinking the existential
dimensions of education in the digital age through the experiences and perspectives of educational and technology-related
experts in Tehran.
1.  Methods and Materials

This study employed a qualitative research design based on an interpretive-hermeneutic phenomenological approach. The
participants consisted of 18 university professors, researchers, and specialists from Tehran working in the fields of philosophy
of education, educational sciences, curriculum studies, educational technology, digital education, philosophy of technology,
and related interdisciplinary areas. Participants were recruited through purposive criterion-based sampling, with attention to
maximum variation in academic background, professional experience, disciplinary specialization, and type of engagement with
educational technologies. Eligibility criteria included holding at least a master’s degree in a relevant discipline, having a
minimum of five years of educational, academic, research, or professional experience related to the study topic, familiarity

with digital educational environments, and willingness to participate in an in-depth interview. Data collection continued until
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conceptual saturation was achieved. The primary data collection instrument was an in-depth semi-structured interview
developed around the central research question and informed by sensitizing Heideggerian concepts concerning being-in-the-
world, revealing, enframing, calculative thinking, meditative thinking, authenticity, care, and openness. Interview questions
explored participants’ experiences of digital technologies in education, changes in the teacher—learner relationship,
transformations in knowledge and learning, experiences of time and attention, digital identity, reflective thinking, and
possibilities for meaningful human formation. Interviews lasted approximately 50 to 80 minutes, were audio-recorded with
informed consent, and were transcribed verbatim. Field notes and reflexive analytical memos were also maintained throughout
data collection. Data analysis was conducted concurrently with data collection through an interpretive phenomenological-
hermeneutic process involving repeated reading of transcripts, identification of meaning units, initial coding, constant
comparison, clustering of related codes, development of subthemes and overarching themes, and iterative movement between
individual statements, complete interviews, the entire dataset, and the interpretive framework. Credibility was strengthened
through repeated engagement with the data, examination of discrepant cases, documentation of analytical decisions, peer review
of selected interpretations, reflexive memo writing, and participant feedback on selected preliminary interpretations.

Findings

Analysis of the interviews generated four overarching themes that represented the existential structure of participants’
experiences of technology in contemporary education: transformation in the disclosure of knowledge and the world,
transformation of the learner’s existential dimensions, reconfiguration of educational relationships and human presence, and
the possibility of openness and authentic education within technology. The first theme revealed that participants experienced
digital technology as changing knowledge from something requiring sustained interpretation and engagement into information
that could increasingly be searched, retrieved, stored, and consumed rapidly. Sixteen of the 18 participants referred to the
transformation of knowledge into readily retrievable information, 15 emphasized the dominance of speed and efficiency, 14
described the strengthening of calculative thinking, 13 reported reduced tolerance for ambiguity and open-ended guestions, and
12 highlighted the algorithmic structuring of learners’ encounters with knowledge. Participants described a learning
environment in which measurable performance, rapid access, concise information, and immediate applicability could become
more highly valued than reflection, interpretation, and meaning-making.

The second theme concerned transformations in the existential experience of the learner. Sixteen participants identified
fragmented attention and difficulty maintaining prolonged concentration as prominent features of digitally mediated learning.
Fifteen emphasized acceleration in the experience of educational time, particularly expectations for immediate responses and
shorter learning processes, while 15 also reported diminished opportunities for silence, pause, and self-reflection. Twelve
participants described the emergence of a digitally mediated or performative self in which identity could become increasingly
connected to visibility, comparison, external evaluation, and online representation. These findings indicated that digital
technology was experienced not merely as an external learning environment but as a condition that could influence how learners
inhabit time, direct attention, experience themselves, and sustain reflective engagement.

The third theme involved the reconfiguration of educational relationships and human presence. Fourteen participants
described a reduction in the quality of lived presence when educational interaction was strongly mediated by digital platforms,
while 13 reported that teachers risked being transformed from educational guides into managers of content, assignments,
platforms, and measurable performance. Participants emphasized that virtual interaction could maintain communication but

could not always reproduce the subtle relational qualities of embodied pedagogical encounters, including facial expression,
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tone, silence, responsiveness, and interpersonal attunement. The fourth theme, however, demonstrated that participants did not
adopt a technologically deterministic or anti-technology position. Seventeen participants emphasized the possibility of
establishing a conscious and free relationship with technology, 16 highlighted the restoration of questioning and reflective
thinking, 15 emphasized redefining the teacher as an opener of horizons rather than merely a transmitter of information, 15
advocated creative rather than passive uses of technology, and 14 emphasized deliberate educational pauses, screen-free
activities, deep reading, and face-to-face dialogue. Thirteen participants further identified care for self, others, and the world
as an essential ethical dimension of digital education.

Discussion and Conclusion

The findings indicate that the educational significance of technology cannot be adequately understood through questions of
access, efficiency, or technical competence alone. Digital technologies increasingly participate in structuring the conditions
under which learners encounter knowledge, experience time, allocate attention, understand themselves, and relate to teachers
and other learners. The transformation of knowledge into immediately retrievable information suggests that digital education
may encourage an orientation in which knowing becomes increasingly associated with accessibility, speed, and utility. From
an existential perspective, this transformation becomes problematic when the learner’s capacity to remain with a difficult
question, tolerate uncertainty, interpret meaning, and develop understanding over time is weakened. The findings therefore
suggest that the central educational challenge is not information scarcity but the preservation of thoughtful engagement within
conditions of informational abundance.

The reported fragmentation of attention and acceleration of educational time similarly reveal that digitalization may
transform not only educational behavior but the manner in which learners inhabit educational experience. Human formation
requires temporal depth. Understanding, judgment, identity, responsibility, and self-knowledge emerge through processes that
cannot always be accelerated. When educational environments normalize immediacy and uninterrupted stimulation, the learner
may remain continuously occupied while having fewer opportunities for genuine reflection. The transformation of teacher—
learner relationships further demonstrates that pedagogical presence cannot be reduced to technological connectivity. Education
involves responsiveness, recognition, dialogue, interpretation, and an encounter with the learner as a person. Therefore, a
technologically advanced educational environment may remain pedagogically impoverished if relational and existential
dimensions are neglected.

At the same time, the findings reject the assumption that technological education necessarily results in alienation or
dehumanization. The participants identified possibilities for a different mode of technological engagement based on awareness,
questioning, creativity, reflection, and care. The educational task is consequently not to remove technology but to prevent
technological rationality from becoming the only framework through which education is understood. Digital tools can support
authentic educational possibilities when they expand inquiry, enable creative production, facilitate meaningful dialogue, and
remain subordinate to broader human purposes. Teachers have a central role in this process, particularly by creating situations
in which learners encounter unresolved questions, reflect on their experiences, engage in sustained dialogue, and critically
examine how technologies shape their perceptions and choices.

In conclusion, the Heideggerian interpretation developed through this study suggests that the most fundamental question
facing education in the digital age is not simply how technology should be used, but how human beings should exist in relation
to technology. Technology becomes educationally problematic when its underlying logic of speed, calculation, measurability,

continuous connectivity, and efficiency becomes normalized as the unquestioned logic of education itself. Conversely, human
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education remains possible within technological environments when learning preserves openness, reflective thinking, dialogue,
creativity, responsibility, care, and the possibility of self-understanding. Thus, a human-centered digital pedagogy requires
neither technological enthusiasm nor technological rejection, but the cultivation of a thoughtful and free relationship with
technology in which the learner remains an active, questioning, responsible, and meaning-seeking human being rather than

merely a user, data point, or consumer of information.
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