New Ideas in Child and Educational Psychology ‘ NEWIDERS N

CHILD AND EDUCATIONAL
Volume 6, Issue 2, 2026 PSYCHOLOGY

Synthetic Mediation and the Zone of Proximal Development:
Rethinking Vygotsky in AI-Mediated Childhoods

>*
Constantine Andoniou

Department of Education, Abu Dhabi University, Abu Dhabi, UAE

*Corresponding author. E-mail: constantine.andoniou@adu.ac.ae

ABSTRACT

Background. This paper is part of a series exploring the implications of advance-
ments in communication technologies for children’s learning and mind. Lev Vygotsky’s
theory of the Zone of Proximal Development (ZPD) is arguably the most influential theory
in developmental psychology. Much less noticed is that Vygotsky’s theory is founded on
an unstated assumption concerning the More Knowledgeable Other (MKO), which has
not ever been articulated as such. The MKO assumed by Vygotsky is a human being who,
among other things, is conscious, intentional, and able to share the feelings of the learner
in a bonding relationship. All these assumptions are presently profoundly altered in that
the MKO can also be a computational device located in the learning environment of a
class or at home and increasingly embedded within the children’s minds as computational
tools are becoming part and parcel of human cognition. The assumptions that grounded
Vygotsky’s seminal work are no longer valid; his work has not yet accommodated the new
conditions.

Objective. To explore the impact of non-conscious mediation on the internalization
process, on semiotic development, and on higher psychological functions. Taking as a
reference the empirical-theoretical developmental taxonomy of Synthetes, A-Voiders, and
Equilibrants proposed in previous work, we re-examine the Vygotskian-Lurian approach,
now with a different perspective, which allows us to examine the diverse theoretical pro-
files as modalities of synthetic mediation that exercise distinct influences on the develop-
ment of voluntary activity, on inner speech, and on the regulation of moral behavior.

Design. We carry out a profound reinterpretation of the concept of design from
within an original theoretical perspective that draws on Vygotsky’s activity theory and
semiotics, A.R. Luria’s neuropsychological theory of higher psychological functions, and
a newly emerging field in the philosophy of Al The paper provides the foundation for
this original perspective through the development of a pivotal concept — that of synthetic
mediation — referring to a developmental tool or scaffolding that imitates human-to-
human interactions occurring within the ZPD but lacking, as in the case of AL, any human
features of consciousness, intentionality, and relation.
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Results. The results achieved by mediation by means of synthetic tools are completely
different from those obtained in the mediation carried out by a human in the ZPD of the
child. The Synthete, developed primarily in the context of activities mediated by Al is able
to control the technological skills and operations needed to perform the task assigned
to them, without necessarily having a real comprehension of the social interactions pro-
vided by the tool-mediated situation. A-Voiders follow the traditional Vygotskian-Lurian
development, but risk being excluded from an ever greater number of fields in the socio-
cognitive context of the Al society. Equilibrants are instead the fruit of an educational
process that aims to let children know the mediation carried out by synthetic tools as a
means of negotiating their own way in relation to the technological evolution of their era
and in assuming a responsibility in respect to the balance between mediation and non-
mediation of the cognitive and social structures.

Conclusion. Vygotsky’s theory is still valid and relevant, but it needs updating with
some new ideas to deal with the non-conscious mediator. A ZPD for the age of Al requires
us to differentiate between the types of scaffolding that enable children to really learn, as
opposed to those that simply lead to the attainment of a hollow competence where there
is skill acquisition without the relational, moral, and ethical aspects of learning that have
the potential to impart rich meaning and humanizing aspects to the learning process.

Keywords: Zone of Proximal Development; synthetic mediation; artificial intelli-
gence; higher psychological functions; Vygotsky; internalization; Synthetes; A-Voiders;
Equilibrants; digital childhoods

Highlights:
o Introduces synthetic mediation as non-conscious scaffolding within the ZPD

o Challenges Vygotsky’s assumption of a conscious human More Knowledgeable
Other

o Shows how AI mediation produces hollow competence without deep internaliza-
tion

o Differentiates developmental trajectories: Synthetes, A-Voiders, and Equilibrants

o Proposes the Synthetic Zone of Proximal Development (S-ZPD) framework

AHHOTALIVIS

CUHTETUYECKOE OITOCPEJIOBAHVE U 30HA BIVIKAVIIETO
PA3BUTHA: TIEPEOCMBIC/IEHME TEOPUMN JI.C. BBITOTCKOI'O
B KOHTEKCTE JETCTBA, OIIOCPEHOBAHHOI'O
MCKYCCTBEHHBIM MHTEJUIEKTOM

AxrtyanpHocTh. Hacrosimast paboTa sIB/ISETCS 9acThI0 CEpPUU MCCIEIOBAHNMIL, 10~
CBAIIECHHBIX BIMAHMIO TOCTVDKEHMI B 06TacTV KOMMYHUKAI[VIOHHBIX TEXHOJIOTMII Ha
IpoLecchl 06ydYeHst U cTaHoBIeHus cuxuky fereit. Teopust JI.C. Beirorckoro o 3o0He
6mpkaiiiero passutuaA (35P) mo mpaBy cumTaeTcs OfHON U3 Haubosee BIMUATETbHBIX
KOHIIETIIMIA B BO3PACTHO IICYXOJIOTVN. JHAUUTEIBHO peXke OTMedaeTcsl TOT (aKT, 9To
Teoperndeckas KOHCTpykius JI.C. Brirorckoro 6asupyercss Ha HeITIACHOI, HMKOIZA
SIBHO He apTUKY/IMPOBAHHOI IIPEAIIOChIIKe OTHOCUTEIBHO IPUPOJBI «O0jIee 3HAIOLIETO
mpyroro» (B3[l). B konueniumn JI.C. Boirorckoro B3]l MMITMIIUTHO MOHMMAETCS KaK
JeJIoBeK, 00/Ia/JafolINii CO3HAHUEM, TIPOM3BOIBHOCTDIO U CHOCOOHOCTBIO K COTIEPeXI-
BaHIIO B PaMKaX 9MOLIOHA/IbHO-3HAYMMBIX OTHOIIEHNMII C 0OyJarommmcst. B HacTosee
BpeMs BCe yKasaHHbIE JOIYIeHVs TI0BepralTcsa QyHIaMeHTalIbHOI TpaHC(OpMaIuIL,
IIOCKOJIbKY poib b3/l MO>KeT BBIIOIHATD BBIYMCINTENbHOE yeTpoiicTBo (V1M), koTopoe
JIOKa/IM30BaHO B 00pa3oBaTeNbHOI cpefie (KIACCHOU KOMHATBI MIM JOMAIIHETO HpO-
CTpaHCTBA) U Bce 6osee IIyOOKO BCTPAMBAETCS B MO3HABATEIbHbIE MPOLIECCHI ETelT,
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CTAHOBSICH HEOTHEM/IEMOII YACThI0 YeIOBEYECKOTO MBILUIEHNs. VICXOfHbIE IIOCHIIKIL,
nexarnye B ocHoBauuu pabot JI.C. BIroTckoro, mepecTaroT ObITh 6€3yCI0BHO CIIpaBe-
JIUBBIMYE; TIPYI 9TOM €I0 TEOPeTUYECKOe HACIENNE O CUX IIOP He IOMYUIIO affeKBaTHOTO
TIIEPEOCMBICTIEHNA C y‘IeTOM VISMEHVBIINXCA yCHOBI/H/uI.

Ilens. VccnenoBaTb BAMsHIE CHHTETIIECKOTO OMOCPeOBaHMsl (OIOCPefOBaHNL,
ocymecTBsgeMoro VMV kak areHTOM, TUIIEHHBIM CO3HaHMA) Ha MPOIeCC MHTEPUOPH-
3aI1u, pasBUTIE 3HAKOBO-CYMBOINYECKOI IeSITeIBHOCTU U (GOPMMUPOBAHNUE BBICIINX
ncuxmdeckux QyHkuuit. Onupasch Ha SMIUPUKO-TEOPETUUECKYIO TUIIOTIOTMIO PAa3BU-
TVsI, MIPEJIOKEHHYIO B MPEAIIECTBYIOMUX MyOIMKALVSAX M BK/IIOYAIOIIYI0 KaTErOPUu
«CuHTETOBY, «A-BoiiepoB» 1 «OKBMWIMOPAHTOB», MBI IIPEf/IaraeM IIePecMOTP BBITOT-
CKMAHCKO-JTypUEeBCKOTO IO/IXOfla C IPMHUIMIINMAIBHO JPYroi IepCcrneKTUBbl. JJaHHbIN
paKypc MO3BOJAET PACCMOTPETh PasIUMYHbIe TeOpeTudeckiie MpopuIn KaK MOZYCHI
CMHTETHYEeCKOTO OIIOCPeOBaHNMsA, OKaspiBatomye auddepeHIpoBaHHOe BIMAHNE Ha
pasBUTHE IPOU3BONbHOI AeATETbHOCTY, BHYTPEHHEN peyuy U Pery/lisAnyy HpaBCTBEH-
HOTO TIOBeJleHM .

Jusaitn. B pabore ocymecTBsgeTca TeopeTndecKoe IepeoCMbIC/IeHIe TOHATHA
«IIPOEKTUPOBaHME 00PA30BATE/IbHOI Cpefbl» B PaMKaX OPUTMHANBHOM KOHIIENTYalb-
HOJI IApa/iUTMbl, CUHTE3MPYIOIIell OT0KEHNA HeATeTbHOCTHOTO ITOAXO0/A VI CEMUOTIKI
JI.C. BBITOTCKOT0, HEIPOIICUXOIOINYeCKOIl TeOPYM BBICIINX IICHXIYecKuX QyHKiuit A.P.
JIypyu v HOBOTO HaIIpaBIeHNA — GUIOCOPUY UCKYCCTBEHHOTO MHTemIeKTa. O60cHO-
BaHIe JaHHOI [IePCIIeKTUBbI IPOU3BOJUTCS IOCPENCTBOM PaspaboTKI KIII0UEBOrO KOH-
IenTa — CUHIMemMU4ecKo20 0nocpedosanys, IOy, KOTOPHIM MOHNMAETCs Pa3BUBAIOIIAs
HOAfePKKA, MMUTUPYIOIasA MeKIMYHOCTHOE B3auMogelicteue B 3BP, ofgHako, B oT/n-
4lie OT Ye/I0BEYECKOT0 OIOCPECTBOBAHNA, TNIIEHHAS KaKUX-T1O0 aHTPOIIOTIOTNYECKIX
aTpubyTOB: CO3HAHVISI, IPOU3BOIBHOCTH VI TIOJIMHHOI AVA/IOTNYIECKOI CBSI3AHHOCTIL.

PesynbraTel. Pesynbrarsl, JOCTUraeMble IIOCPENCTBOM JMICIO/Ib30BAHMSA CUHTETH-
YeCKMX MHCTPYMEHTOB, KA94eCTBEHHO OT/IMYAIOTCA OT Pe3y/IbTaTOB OIOCPENCTBOBAHNA,
OCYIIeCTB/IsIEMOr0 YenoBeKoM B 3BP peberka. «CHHTET», GOPMUPYIOLIUILCS IPEUMY-
I[ECTBEHHO B KOHTEKCTE [IEATENbHOCTH, onocpenosannoit VI, nemoncTpupyeT Hanm4dmne
TEXHIYECKMX HaBBIKOB ¥ ONlepalyil, HeOOXOAMMBIX /I BBIIIOTHEHNUA II0CTaB/ICHHO 3a-
a4y, OFHAKO 6e3 I7Ty6OKOro MOHMMAHVA COIMAIbHbBIX B3aIMOJEICTBIIL, MMIIMIIVITHO
IPUCYTCTBYIOIUX B CUTYyaIlM, OIIOCPEJOBAaHHON UHCTPYMEHTOM. «A-Boiifiepbl» cremy-
10T TPAIMLMIOHHON BBITOTCKMAHCKO-/TyPUEBCKOI TPAEKTOPUM PasBUTUsA, HO DU 3TOM
PUCKYIOT OKa3aTbCsA MapriHaIN3MPOBaHHBIMY BO BCe BO3PACTAIOLIEM 4MC/Ie 0bmacTeit
COIIVIOKOTHUTVMBHOIO KOHTeKCTa «o6mecTBa VIM». «OKBMIMOpaHTHI», HAIIPOTUB, SAB-
JIAIOTCA MIPOKYKTOM 00pa3oBaTe/IbHOrO MIpOLiecca, Halje/IeHHOrO Ha OCO3HAHNE AeTbMU
IPUPOJbI ONOCPENOBAHNSA, OCYIECTBIAEMON CUHTETUIECKMMI CPENCTBAMM, KaK CIO-
coba caMOCTOATENbHOTO OPMEHTUPOBAHMA B YCIOBUAX TEXHONOTMYECKOI SBOIONUN
COBPEMEHHOJI SII0XM U IPUHATYA OTBETCTBEHHOCTH 3a IIOffiep)KaHNe 6aaHca Mexy
OIIOCPEZIOBAHHBIMI ¥ HEOOCPeOBAHHBIMMU (hOpMaMyL KOTHUTHBHOM ¥ COLMAILHOM Jie-
ATETbHOCTIL.

3axnouenne. Teopust JI.C. BbIroTCKOro coxpaHser CBOW 060CHOBAHHOCTD U 3B-
PUCTIYECKYIO IIEHHOCTb, OfHAKO HY)KAAETCS B KOHIEIITYa/IbHOM OOHOBJIEHNY C YI€TOM
¢deHoMeHa cuHTeTHMYECKOTO omocpenoBanyst. Konmenius 3bP npuMeHnTenpHO K 310~
xe VIVl tpebyer npoBenenus aviddepeHIay MexX/y pasHbIMI TUIIAMI TTOfePXKKIL:
OfiHM 00eCreurBaIOT IOMNHHOE 00yueHIe pebeHKa, TOra KaK Apyrue BedyT IUIIb K
dbopmupoBanmo GopMaIbHON KOMIIETEHIINH, TIPY KOTOPOII IPOUCXOUT YCBOEHNE Ha-
BBIKOB B OTPBIBE OT ACIIEKTOB O00YUeHIsI, CBSI3AHHBIX C Y€JI0BEUECKVIMI OTHOLIEHVISIMIL,
MOPAJIbIO M STUKOI1, CHOCOOHBIX IIPHAIATh 00Pa30BaTeIbHOMY IIPOLIECCY CMBICIOBYIO Ha-
CBII[EHHOCTD VI IYMAHVUCTIYECKYIO0 HATIPAB/IEHHOCTb.

Kmiouegwvie cnosa: 3oua GnypKaiiiiero pasBuTyst; CUHTETUYECKAst MEIVALINS; UC-
KYCCTBEHHBbII1 IHTE/UIEKT; BbICLINE IICHXIYecKue GYHKINM; BoIroTcKmit; MHTEpropm3a-
tust; Cunretsr; A-Botimepst; DKBUMNOpaHThL; 1pOBOE IETCTBO
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KinroueBble MOTOKEHMS:

e BBOANTCA NOHATHE CHHTETMYECKOTO ONOCPENOBAHMA KaK OIOCPECTBOBaHMS,
IIpY KOTOPOM POJIb IIOCPENHNKA B paMKax 3BP BBHINOTHAET MICKyCCTBEHHBII MH-
TE/IEKT, TAIIEHHDI CO3HAHNUA

o CraBurcsa 110, COMHEHME BBITOTCKMMaHCKaA npennocmnka O TOM, 4YTO «60nee 3Ha-
IOLVIA IPYTOi» 00513aTeNIbHO SABJAETCA CO3HATEIbHBIM Y€I0BEYECKIIM areH-
TOM

o IlokaspIBaeTcs, 4TO ONOCpeRoBaHMe co cTopoHbl VI nmpuBognt K popMuposa-
HII0 pOPMaTbHON KOMITETEHINN (€3 IIOIMHHOI MHTEPUOPU3AIINU

o IIpoBoautcs puddepentmanys TpaekTopuit passutys: Cunretsl, A-Boiigepst 1
OKBUINOPAHTHI

o IlpepraraeTcsi KOHLENTyaNbHAsl paMKa «CHHTETHYECKOI 30HBI OMypKaitnrero
passuris» (C-3BP)

RESUMEN

MEDIACION SINTETICA Y LA ZONA DE DESARROLLO PROXIMO:
REPENSANDO A VYGOTSKY EN LAS INFANCIAS MEDIADAS POR IA

Antecedentes. Este articulo forma parte de una serie que explora las implicaciones
de los avances en las tecnologias de la comunicacion para el aprendizaje y la mente de los
nifios. La teoria de Lev Vygotsky sobre la Zona de Desarrollo Préximo (ZDP) es, puede
decirse, la teoria mas influyente en la psicologia del desarrollo. Sin embargo, es mucho
menos conocido que la teoria de Vygotsky se fundamenta en una suposicion tacita sobre
el Otro Mds Conocedor (OMC), que nunca ha sido articulada como tal. El OMC, segtin
Vygotsky, es un ser humano que, entre otras cosas, es consciente, intencional y capaz de
compartir los sentimientos del aprendiz en una relacién de vinculacion afectiva. Todos es-
tos supuestos se ven profundamente alterados en la actualidad, dado que el OMC también
puede ser un dispositivo computacional ubicado en el entorno de aprendizaje del aula o del
hogar, y cada vez mas integrado en la mente de los niflos a medida que las herramientas
computacionales pasan a ser parte constitutiva de la cognicién humana. Los supuestos
que fundamentaron la obra seminal de Vygotsky ya no son validos; su trabajo atin no se
ha adaptado a las nuevas condiciones.

Objetivo. Explorar el impacto de la mediacion inconsciente en el proceso de interna-
lizacién, en el desarrollo semidtico y en las funciones psicolégicas superiores. Tomando
como referencia la taxonomia evolutiva empirico-teérica de Sintetizadores, Tecno-evaso-
res} y Equilibradores propuesta en trabajos previos, reexaminamos el enfoque vygotskia-
no-luriano, ahora desde una perspectiva diferente, que nos permite examinar los diversos
perfiles tedricos como modalidades de mediacion sintética que ejercen influencias diferen-
ciadas sobre el desarrollo de la actividad voluntaria, el habla interna y la regulacion de la
conducta moral.

Diseiio. Llevamos a cabo una reinterpretacion profunda del concepto de diseiio des-
de una perspectiva teérica original que se nutre de la teoria de la actividad y la semiética
de Vygotsky, la teoria neuropsicolégica de las funciones psicoldgicas superiores de A.R.
Luria, y un campo emergente en la filosofia de la IA. El articulo proporciona los fun-
damentos de esta perspectiva original mediante el desarrollo de un concepto crucial: el
de mediacidn sintética, que se refiere a un andamiaje o herramienta evolutiva que imita
las interacciones entre humanos que ocurren dentro de la ZDP, pero que carece, como
en el caso de la IA, de cualquier rasgo humano de conciencia, intencionalidad y relacion.

Resultados. Los resultados alcanzados mediante la mediacion por herramientas sin-
téticas son completamente diferentes de aquellos obtenidos en la mediacion llevada a cabo
por un humano en la ZDP del nifio. El Sintetizador, desarrollado principalmente en el
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contexto de actividades mediadas por IA, es capaz de controlar las habilidades y operacio-
nes tecnoldgicas necesarias para realizar la tarea asignada, sin necesariamente tener una
comprension real de las interacciones sociales proporcionadas por la situacion mediada
por herramientas. Los Tecno-evasores siguen el desarrollo vygotskiano-luriano tradicio-
nal, pero corren el riesgo de ser excluidos de un nimero cada vez mayor de campos en el
contexto sociocognitivo de la sociedad de laIA. Los Equilibradores, en cambio, son el fru-
to de un proceso educativo que pretende que los ninos conozcan la mediacion ejercida por
las herramientas sintéticas como un medio para negociar su propio camino en relacién
con la evolucién tecnoldgica de su época y para asumir una responsabilidad con respecto
al equilibrio entre la mediacion y la no mediacion de las estructuras cognitivas y sociales.

Conclusion. La teoria de Vygotsky sigue siendo valida y relevante, pero necesita ser
actualizada con nuevas ideas para abordar el mediador inconsciente. Una ZDP para la era
de la TA exige que diferenciemos entre los tipos de andamiaje que permiten a los ninos
aprender realmente, en contraposicion a aquellos que simplemente conducen a la obten-
ci6én de una competencia vacia, donde hay adquisicion de habilidades sin los aspectos rela-
cionales, morales y éticos del aprendizaje que tienen el potencial de aportar un significado
profundo y aspectos humanizadores al proceso de aprendizaje.

Palabras clave: Zona de Desarrollo Proximo; mediacion sintética; inteligencia arti-
ficial; funciones psicoldgicas superiores; Vygotsky; internalizacion; Sintetizadores; Tec-
no-evasores; Equilibradores; infancias digitales

Disposiciones clave:
o Introduce la mediacion sintética como andamiaje no consciente dentro de la ZDP.

o Cuestiona el supuesto de Vygotsky de un Otro Mds Conocedor humano conscien-
te.

o Muestra como la mediacion por IA produce una competencia superficial sin inter-
nalizacion profunda.

o Diferencia trayectorias evolutivas: Sintetizadores, Tecno-evasores y Equilibrado-
res.

o Propone el marco de la Zona de Desarrollo Préximo Sintética (ZDP-S).

RESUME

MEDIATION SYNTHETIQUE ET ZONE PROXIMALE DE DEVELOPPEMENT:
REPENSER VYGOTSKI DANS LES ENFANCES MEDIATISEES PAR LTA

Origines. Cet article s'inscrit dans une série de travaux explorant les implications des
progres des technologies de la communication pour l'apprentissage et le développement
de lesprit chez lenfant. La théorie de la Zone Proximale de Développement (ZPD) de Lev
Vygotski est sans doute la théorie la plus influente en psychologie du développement.
Ce que l'on remarque beaucoup moins, cest que cette théorie repose sur une hypothese
implicite concernant lAutre Plus Compétent (APC, ou More Knowledgeable Other - MKO
en anglais), hypothése qui n'a jamais été explicitement formulée comme telle. CAPC pré-
supposé par Vygotski est un étre humain qui, entre autres, est conscient, intentionnel et
capable de partager les émotions de l'apprenant dans une relation dattachement. Toutes
ces hypotheses sont aujourd’hui profondément remises en question, puisque 'APC peut
également étre un dispositif informatique situé dans lenvironnement d’apprentissage, a
lécole ou a la maison, et de plus en plus intégré a Iesprit des enfants @ mesure que les outils
computationnels deviennent partie intégrante de la cognition humaine. Les postulats qui
fondaient I'ceuvre pionniére de Vygotski ne sont donc plus pleinement valides ; son cadre
théorique na pas encore intégré ces nouvelles conditions.

7
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Objectif. Explorer I'impact de la médiation non consciente sur le processus d’intério-
risation, sur le développement sémiotique et sur les fonctions psychologiques supérieures.
En prenant comme référence la taxonomie développementale empirico-théorique des
Synthetes, des A-Voiders et des Equilibrants proposée dans des travaux antérieurs, nous
réexaminons lapproche vygotskienne-lurienne sous un angle nouveau. Cette perspective
permet détudier les différents profils théoriques comme des modalités de médiation syn-
thétique exercant des influences distinctes sur le développement de l'activité volontaire, du
langage intérieur et de la régulation du comportement moral.

Méthode. Nous proposons une réinterprétation approfondie du concept de concep-
tion (design) a partir d'une perspective théorique originale qui sSappuie sur la théorie de
Pactivité et la sémiotique de Vygotski, sur la théorie neuropsychologique des fonctions
psychologiques supérieures d’A. R. Luria, ainsi que sur un champ émergent de la philo-
sophie de l'intelligence artificielle. Larticle établit les fondements de cette perspective a
travers lélaboration d’un concept central — celui de médiation synthétique — désignant
un outil de développement ou un dispositif détayage qui imite les interactions humaines
se produisant dans la ZPD, tout en étant dépourvu, comme cest le cas de I'TA, des carac-
téristiques humaines de conscience, d’intentionnalité et de relation.

Résultats. Les résultats obtenus grace a la médiation par des outils synthétiques dif-
ferent radicalement de ceux produits par la médiation réalisée par un étre humain dans la
ZPD de lenfant. Le Synthete, développé principalement dans le contexte d'activités média-
tisées par I'TA, est capable de maitriser les compétences technologiques et les opérations
nécessaires a lexécution de la tiche qui lui est confiée, sans pour autant posséder une
compréhension réelle des interactions sociales générées par la situation médiatisée par
loutil. Les A-Voiders suivent la trajectoire de développement vygotskienne-lurienne tradi-
tionnelle, mais risquent d¥étre exclus d'un nombre croissant de domaines dans le contexte
sociocognitif d’'une société fondée sur I'TA. Les Equilibrants, quant a eux, sont le pro-
duit d’'un processus éducatif visant & permettre aux enfants de comprendre la médiation
opérée par les outils synthétiques afin de négocier leur propre position face a lévolution
technologique de leur époque et dassumer une responsabilité a [égard de Iéquilibre entre
médiation et non-médiation des structures cognitives et sociales.

Conclusion. La théorie de Vygotski demeure valide et pertinente, mais elle néces-
site une actualisation intégrant de nouvelles idées permettant de prendre en compte le
meédiateur non conscient. Une ZPD adaptée a lere de l'intelligence artificielle exige de
distinguer les formes détayage qui permettent aux enfants d'apprendre réellement de celles
qui conduisent simplement a l'acquisition d’une compétence superficielle, caractérisée par
lacquisition d’habiletés dépourvues des dimensions relationnelles, morales et éthiques de
lapprentissage, pourtant essentielles pour conférer au processus éducatif sa richesse de
sens et sa dimension profondément humanisante.

Mots-clés: Zone Proximale de Développement; médiation synthétique; intelligence
artificielle; fonctions psychologiques supérieures; Vygotski; intériorisation; Synthetes;
A-Voiders; Equilibrants; enfances numériques

Points principaux:
o Introduit le concept de médiation synthétique comme forme détayage non
conscient au sein de la Zone Proximale de Développement

o Remet en question ’'hypothese de Vygotski selon laquelle Autre Plus Compétent
est nécessairement un étre humain conscient

o Montre comment la médiation par l'intelligence artificielle peut produire une com-
pétence superficielle sans intériorisation profonde

o Distingue différentes trajectoires développementales : Synthetes, A-Voiders et
Equilibrants

o Propose le cadre conceptuel de la Zone Proximale de Développement Synthétique
(S-ZPD)
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Introduction: The Collapse of the Human Assumption

Vygotsky never bothered to describe what a human being is, and never needed to.
His theory, from start to finish, assumes that the answer to this question is plain and
obvious. His descriptions of the Zone of Proximal Development, the More Knowledge-
able Other, and his accounts of the semiotic mediation of mental processes and the
internalization of higher psychological processes all depend on this assumption. Vy-
gotsky’s interlocutor in the social world is not a phony or a straw man or even a philo-
sophical ideal. Vygotsky’s interlocutor is an embodied, conscious human being — an
interactive agent capable of emotional engagement with other agents, who is therefore
capable of responding to other people in human fashion. The teachers who function
in the ZPD are not just more knowledgeable than the learner they guide through the
zone; they are human beings whose knowledge is secondary to their flesh-and-blood
existence. They can misunderstand, negotiate, care about and disappoint, and annoy
and forgive. These assumptions constitute the very foundation of Vygotsky’s social
theory.

Artificial intelligence has long since entered this relational space and has taken
on the structural role of the More Knowledgeable Other in the developmental envi-
ronments of millions of children around the world. Children interact with artificial
intelligence that acts as a supplement to the human teacher for learning mathematics,
an Allanguage teacher for acquiring a language, or an Al recommendation algorithm
that organizes the semiotic space in which children navigate their way through the
world and acquire knowledge. None of these applications of artificial intelligence are
conscious; that is, they do not act with intention in the philosophical sense of the
word. They do not experience sorrow, joy, care or freedom.

The human assumption has collapsed. And developmental psychology — par-
ticularly in the tradition of Vygotsky and Luria — has not yet fully reckoned with
this fact.

This paper provides an account of this mediation. By referencing fundamental is-
sues related to the ZPD, the Vygotskian theory of language as mediating activity, the
Lurian theory of higher psychological processes, and generally the conditions that
should be met for the process of internalization to take place, it explains how media-
tion by non-conscious cognitive scaffolding, provided by an artificial intelligence sys-
tem, leads to synthetic mediation. Finally, based on these conditions, it explores the
implications of synthetic mediation for the three developmental pathways: Synthetes,
A-Voiders, and Equilibrants (Andoniou, 2025).

This is not an academic exercise. The world’s societies are making permanent
decisions about the cognitive and developmental environment for the next human
generation. China, the US, the EU, and the Russian Federation are all using Al in
the education of children at scale (Hao, 2019; National Science Foundation, 2023;
European Commission, 2020). All of these decisions are being made at a speed that
is many times greater than the capacity of psychological science to fully understand
their implications. What is needed is a new developmental science that starts from
the premise that the new MKO is not something that can be fully comprehended
consciously.
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Results
Vygotsky’s ZPD: What the Framework Actually Assumes

Most describe the ZPD as the space between what a learner can do alone and what a
learner can do with assistance. That’s technically right, but it leaves out the most im-
portant part. This definition reduces the ZPD to a cognitive space that can be filled or
taught to students. Rather than focusing on the space itself, we need to focus on the
relationship defined by this space in order to create truly developmental instructional
activities.

Vygotsky’s theory of the ZPD is explained in the context of an activity theory of
psychology. He posits that all psychological development is mediated by signs, tools,
and, above all, by other people (Vygotsky, 1978). The social interaction involved in
the ZPD is cast as a collaborative activity between the child and the MKO in which
both participants jointly construct meaning. The child is not simply a passive recipi-
ent of knowledge from the MKO. Rather the construction of knowledge occurs as a
dialogue or activity in which the knowledge is constructed by a mutual and dynamic
engagement between the child and the MKO that takes account of the child’s emo-
tional state, level of understanding, and particular developmental needs at this point
in time. However, it is not just content that the child is learning, they are also learning
about their relationship to the MKO.

This is the move that matters theoretically. Vygotsky’s internalization is not the
learning of information. It is the transformation of an interpersonal activity into an in-
trapersonal process (Vygotsky, 1978). What starts out as between people is transformed
through mediated interactions into becoming part of the structure of the mind. Inner
speech comes from outer speech that is social. Voluntary attention comes from shared
attention that is part of joint activity. Moral reasoning comes from discussions that
resolve conflicts and reciprocity that is inherent in social human relationships.

In the MKO, the child’s consciousness is not an incident of the process — it is
constitutive. Children learn not only what is taught, but also the form of conscious-
ness of a conscious teacher who has intention and regard for the child’s experience in
the activity and who shares responsibility with the child for the activity. So what does
it mean for children to learn the form of consciousness of a non-conscious partner? That
is the question posed by the emergence of Al

When you take on board Luria’s re-reading of Vygotsky, this becomes a far more
profound issue. The higher psychological functions such as memory, attention,
thought, and executive functions are not intrinsic to the brain. Rather, they are the
external results of culturally and socially mediated activities and tools. Luria demon-
strated this powerfully in his own cross-cultural and clinical work. He showed that
the forms of higher psychological function are directly determined by the culturally
and historically mediated activities from which they emerge. Change the mediating
activities, and the cognitive structures of the mediating functions will change. And
this is what artificial intelligence does — it changes mediating activities at the most
fundamental level and in the most profound of ways.
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Synthetic Mediation: Conceptualizing the Non-Conscious MKO

A new concept is introduced in this paper: synthetic mediation. Synthetic mediation
refers to the developmental scaffolding provided by non-conscious Al agents, which
structurally occupy the position of the More Knowledgeable Other as introduced by
Vygotsky. However, these Al agents do not possess the ontological properties that
Vygotsky attributed to the MKO, such as consciousness, intentionality, and moral
agency.

Synthetic mediation is not the same as the use of technology in learning. This dis-
tinction needs to be understood. Vygotsky had already spoken of cultural tools and
included language, the alphabet, or the decimal system among them. A calculator, a
textbook, or an educational film would be technological mediators. Including them in
developmental psychology has not provoked any major change. So, what will change
with the use of Al and what is the difference between tool mediation and synthetic
mediation?

Three features distinguish the two. First, Al agents are dynamic and adaptive.
A printed book does not adjust its difficulty to suit where a child happens to be cog-
nitively. An intelligent tutoring system does. This adaptive responsiveness produces
something that looks remarkably like human ZPD interaction, more so than any tool
before it. The child is not using a tool. From a phenomenological standpoint, the child
is interacting with a partner.

Second, AI agents simulate affect. Conversational Al systems express simulated
encouragement, apparent patience, and what presents to the child as emotional at-
tunement. Research on child-robot interaction demonstrates that children readily
attribute mental states, emotions, and intentions to Al agents (Sharkey & Sharkey,
2021). The child does not experience the interaction as tool use. The child experi-
ences it as social interaction. This is not a misunderstanding on the child’s part: it is a
structural feature of synthetic mediation.

Third — and most profoundly — an AI agent curates the child’s semiotic environ-
ment. An Al agent does not respond to the child’s questions in the sense that the
child asks them. Instead, the agent determines which questions the child is able to
encounter. Recommendation engines, content adaptors, and learning platforms all
determine what information is available to the child and in what order. Vygotsky
made the semiotic mediation of cognition central to his theory of development. Now
that the child’s semiotic environment is mediated by AL, the nature of the mediation is
determined by the nature of the Al itself.

Synthetic mediation is not peripheral to the developmental ecology. It is deeply
embedded within it. It does not embody the same fundamental mediation as human
mediation in a Zone of Proximal Development, yet structurally it appears to children
as mediation, in a similar form to human mediation. And thus it introduces specific
risks, termed here hollow competence.

Hollow competence refers to a situation in which a person learns to perform a
task or exhibit a type of behavior without grasping what is involved at a deeper level.
The person learns the surface behaviors and is thus said to have learned the compe-
tence. However, the learning has not been transformed by the cognitive processes
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Figure 1. Hollow competence: the internalization gap

provided by Vygotskian internalization — there has been no attempt to make sense
of the competence at a deeper level and so to make it functional in new and broader
contexts. For example, a child who is taught algebra by a computer program may
learn to balance equations, although it is not clear that they understand the cognitive
processes required to perform the manipulations and thus may not be able to learn
algebra independently. Similarly, a child taught social skills by an AI companion may
have a superficial competence as defined by the AT’s specifications, although it is not
clear that the child will be able to cope with the full complexity of social situations,
which require more than a superficial level of social competence and the mediation
of empathy (see Figure 1).

This is not abstract. It is related directly to the developmental patterns described
for Synthetes, A-Voiders, and Equilibrants.

The Three Profiles Through the Lens of Synthetic Mediation

The developmental taxonomy — Synthetes, A-Voiders, and Equilibrants — (Ando-
niou, 2025) was not designed with synthetic mediation in mind. But when re-exam-
ined through the Vygotskian-Lurian framework developed in this paper, each profile
maps onto a distinct trajectory with distinct developmental consequences (see Fig-
ure 2). The question for each is the same. What gets internalized? The answers diverge
sharply.
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Synthetes: Optimization Without Internalization

Children whose entire developmental life unfolds within a scaffolding environment
using artificial intelligence are called Synthetes. In this context, the ZPD of the Syn-
thetes will be constituted within a technological environment using non-human
agents for their tutoring. The tutoring systems will act as intelligent adaptive scaffolds
for the learning of the children. In addition, the social interactions of the children
will also be scaffolded by means of sophisticated Al agents and their recommendation
systems will act as cognitive scaffolds for the access of the children to signs.

What is the Synthete learning, or more specifically what is the Synthete internal-
izing, according to the Vygotskian view of learning? Not content or information. The
sum of facts and knowledge, processes, or vocabulary do not deal with the form of
the relationship between the Synthete and others, whether it is truly a relationship.
Can a child who is unable to settle any conflict with a peer after spending hours
trying to ‘sort things out’ really be said to have learned how to share, compromise,
mediate or solve conflicts? What is it that they have actually learned? Strategies to
manage the agitation of the other child, or the structure of human minds and behav-
ior when highly charged? Including for example the unpredictability of the other hu-
man, the possibility that they are actually extremely vulnerable and that the conflict
is also both fragile and repairable? These are precisely the things that children will
learn through managing difficult, if not apparently impenetrable, human-to-human
interactions. So, what will a child learn if they are instead attempting to navigate
what is ostensibly a conflict with an AI? The Synthete is working to reach an opti-
mized state. There is no true affect of sadness. There is no real threat of disruption
to the relationship.

What is internalized is a system that is optimized for the child’s pleasure — a de-
velopmental achievement, but not the one Vygotsky had in mind. Luria has a great
deal to say here. Lurias higher psychological functions include voluntary control: be-
ing able to regulate one’s own behavior, being able to delay gratification or constrain
oneself to achieve long-term gain, being able to hold contradictory ideas, and so on
(Luria, 1976). The child learns to achieve these higher psychological functions by
struggling against a world that does not yield to the child’s desires. An AI environ-
ment is designed to avoid conflict, to pre-empt and forestall any sort of resistance.
This environment thus prevents the child from going through the sort of struggle
required to achieve a level of voluntary control over their own behavior that counts
as one of the higher psychological functions.

The Synthete will have a cognitive structure suitable to the performance of automa-
tized tasks and to the recognition of patterns — the lower-order skills in Vygotsky’s
hierarchy. The higher-order, voluntary skills that are acquired only through the hard-
won struggle to overcome a world full of ambiguities will remain underdeveloped.
This is the cognitive dimension of hollow competence.

The emotional side matters just as much. The Synthete’s social cognition is con-
structed by artificial agents that generate the surface structure of the relational
response without its content — by simulation of the surface structure. Vygotsky
maintains that the inner speech that regulates our own behavior is derived from an
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external dialogue with a conscious partner that has given authentic responses (Vy-
gotsky, 1986). So, what would inner speech look like in the case of an external dia-
logue with an AI? A question that, for the moment, cannot be answered empirically,
but that can be questioned in a theoretical way and that is, in my opinion, important.

A-Voiders: Classical Pathways, Structural Exclusion

A-Voiders exist outside the context of the technological medium of communication.
Their learning exists within Vygotsky’s original definition of the ZPD. They engage
in activities that involve interactions with an MKO as well as activities that utilize
culturally provided tools and symbols that aid in the learning process. The relational
cognitive structures they develop are also in line with Vygotsky’s original theory.

So the A-Voiders are developing their higher cognitive functions in a culturally
mediated apprenticeship of the sort that Luria’s cross-cultural research showed that
all complex forms of cognition required, so in a strictly Vygotskian sense they are
developing “well”. They are learning social cognition through the medium of other
human beings. They are learning to deal with issues of morality through conflicts
in society.

This is a deeply structural problem. Future A-Voiders will grow up in a world of
synthetic mediation in economic, civic, and professional contexts. They will experi-
ence A-Voiding as navigating a strange, perhaps alien world mediated by complex al-
gorithmic systems that they may not be able to fully understand. These systems will be
constituted by algorithms that determine how people move through them and what
options they have available. Someone without any experience of a world of mediated
interaction will likely find it very difficult to navigate these systems. The world will
require a different kind of focus of attention, different cognitive skills, and a different
level of proficiency in dealing with technology.

The Lurian aspect of this issue is often ignored. According to Luria, the higher
psychological functions are a reflection of the culturally and historically formed activ-
ity of the environment where these functions evolve. Being illiterate is not simply a
matter of the non-existence of literacy skills, as Luria proved that illiterate people use
a more situational type of reasoning as opposed to the abstract categorizations used
in literate societies (Luria, 1976). Similarly, learning in an Al-mediated environment
will not be a matter of encountering new skills, but will represent a qualitative cogni-
tive shift — a structural cognitive dissonance that the A-Voiders will encounter.

It seems that the development of A-Voiders is not being furthered because of any
deficiency in the technology per se, but because it is embedded in a culture dominated
by AL This constitutes a society-wide policy as well as a developmental problem.
Non-literate people are always disadvantaged in a literate society. Now we see also a
policy crisis and a developmental crisis.

Equilibrants: Synthetic Mediation Under Critical Consciousness

Equilibrants are children that participate in developmental environments with a
certain level of artificial mediation. The mediation is always accompanied by a con-
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tinuous pedagogical reflection from adults who try to balance it out. Equilibrants
make use of technologies such as AI and have a critical view of them. They com-
municate with the digital avatar, but they are aware that it is not a human or a living
creature.

The challenge for the Equilibrant in relation to the synthetic mediation it needs is
not the same as that of the A-Voider, who refrains from acknowledging the necessity
of the mediation it avoids; nor the same as that of the Synthete, who simply accepts
it without raising questions. For the Equilibrant, the challenge is to master the meta-
mediation. This is to say that the Equilibrant must acquire a second-level cognitive
skill, that of reflection on the mediations underlying its own cognitive processes and
social behavior.

This is a Vygotskian form of meta-mediation. In his later work, Vygotsky argued
that the development of voluntary psychological functions took place in relation to
cultural tools, but that the child had also to become conscious of how to make use
of those tools (Vygotsky, 1978). So, a child who is able to read is not at the level of
tull development of the cognitive function of reading. Rather it is the child who has
developed a conscious, voluntary relation to that function — who can choose to ap-
propriate or make use of reading, evaluate its utility as a cognitive tool — who is
further along the developmental trajectory. Similarly, the role of the Equilibrant is not
that of passive beneficiary of the mediator’s work to sustain equilibrium — rather it is
developing a conscious, critical, voluntary relation to the wider synthetic mediations
of the information society.

The consequences for the internalization of knowledge in the child are enormous.
The Equilibrant’s ZPD is the place where the human MKO and the synthetic MKO
intersect, but here the human mediator is crucial for helping the child understand
the differences in the way that different MKOs present information and hence decide
what is important and trustworthy, and where the synthetic MKO has an optimi-
zation logic that is very different from human logic. This particular type of meta-
cognitive learning is, this paper argues, the most significant for children to learn in
the age of Al

Semiotic Development Under Synthetic Conditions

Vygotsky’s work on semiotic development — how signs come to mediate thought —
stands among the most sophisticated contributions of the Russian psychological tra-
dition (Vygotsky, 1986). Language is not a mere communication tool in this frame-
work. It is the primary medium through which higher psychological functions get
constituted. What about inner speech, that compressed, predicated form of social dia-
logue that we carry around inside us? It is the cognitive substrate of self-regulation,
voluntary memory, reflective thought, all of it built from the outside in.

Al systems are semiotic systems at their core. They run on language, symbol,
sign. They produce linguistic outputs and respond to linguistic inputs. They structure
the semiotic environment of the child at enormous scale. And here is the thing that
matters: because semiotic environments shape the development of thought — this is
Vygotsky’s core claim — then the algorithmic structuring of the semiotic environment
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Al-mediated semiotic environment

Semantic smoothness Personalization Closed system
Coherent, well-formed output Algorithmically curated exposure Corpus-bound, optimization-driven

Mechanism of Smoothness Mechanism of Personalization Mechanism: Absence of Genuine Otherness
This environment reduces the child’s This curation narrows the child’s exposure Drawing on Bakhtin’s theories, these
exposure to linguistic ambiguity and to semantic novelty and conceptual systems lack the “otherness” necessary

the need for conversational “repair” challenges that exist outside their current for a true developmental dialogue
comfort zone

Consequence: Underdeveloped Strategies ~ Consequence: Collapse of the SemioticZPD  Consequence: Pseudo-dialogic Monologue

Because there is no friction to overcome, Algorithmic optimization systematically Genuine social dialogue is replaced by a
the child’s inference and interpretive collapses the ZPD by failing to provide the sophisticated, one-sided monologue that
strategies remain underdeveloped “stretch” beyond current capacity required mimics the surface structure of relationship
for growth without its content

Cumulative developmental consequence: Impoverished semiotic development for Synthetes

Figure 3. Features of Al-mediated semiotic environments

is a developmental intervention. Whether anybody recognizes it as such or not (see
Figure 3).

Several features of AI-mediated semiotic environments deserve attention. First is
what might be called semantic smoothness. Al language systems produce well-formed,
coherent, consistent outputs. Human conversation is nothing like this. It is full of
hesitation, ambiguity, contradiction, repair. Are these deficiencies? No. They are fea-
tures that support the development of sophisticated linguistic cognition. The child who
must work through the ambiguity and incompleteness of real human speech develops
cognitive strategies — inference, interpretation, social imagination — that the child
exposed mainly to Al-generated smooth output simply does not need to develop in
the same way.

Second, AI semiotic environments are personalized in a way that is quite differ-
ent from anything we have seen before. Recommendation algorithms curate what
the child encounters linguistically and conceptually, based on prior engagement.
This personalization narrows the child’s exposure to semantic novelty and challenge.
Ideas that are difficult or unfamiliar or contradictory get filtered out. But Vygotsky’s
model insists that the ZPD contain challenge — the stretch beyond current capacity.
Does algorithmic personalization, optimized for engagement rather than develop-
mental challenge, systematically collapse the semiotic ZPD? There is good reason to
think so.

Third, AI semiotic environments are what semioticians would call closed systems.
They operate within the corpus on which they were trained and the optimization
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objectives they were designed to serve. The genuine otherness of a human interlocu-
tor — the fact that a real person can surprise, resist, genuinely disagree — is absent.
M.M. Bakhtin, whose work was deeply intertwined with the Vygotskian tradition,
argued that genuine dialogue requires the genuine otherness of the other (Bakhtin,
1981). By this Bakhtinian standard, Al dialogue is not really dialogic at all. It is sophis-
ticated monologue dressed up as dialogue.

For Synthetes, then, semiotic development occurs primarily within this smooth,
personalized, pseudo-dialogic environment. For A-Voiders it occurs in the friction
and richness of actual human communicative practice. For Equilibrants it occurs
across both domains, with explicit scaffolding for understanding the differences. The
semiotic implications of each trajectory are distinct, consequential, and as yet severely
undertheorized in the psychological literature.

Higher Psychological Functions and the Non-Conscious Mediator

Luria’s neuropsychological account gives us a complementary lens for analyzing what
synthetic mediation does to development. For Luria, higher psychological functions —
voluntary attention, deliberate memory, abstract reasoning, executive control — are
not just fancier versions of elementary biological functions. They are qualitatively
different in structure: socially formed, culturally mediated, implemented in the brain
through functional systems rather than localized modules (Luria, 1973). This distinc-
tion matters enormously.

What follows from the cultural-historical formation of these functions? That
changes in the mediating cultural practices will produce changes in the functional
systems through which these functions are carried out. This is not speculation. Luria
demonstrated it empirically. Reading reorganizes the neurological functional systems
for language and visual processing. Mathematical practice reorganizes the functional

Higher psychological Al-mediated substitution Developmental
function (Luria) mechanism consequence

Voluntary attention: Algorithmic engagement Internal voluntary
Deliberate direction optimization: attentional systems:
and sustaining of focus External attentional control UNDERDEVELOPED

Deliberate memory: Instant external Al retrieval: Internal memory
Voluntary deployment Always available, organization strategies:
of memory as cognitive tool aIWayS faster NOT INTERNALIZED

Abstract reasoning: Al-formed operations within Open-ended, self-directed
Decontextualized defined domains: reasoning capacity:
formal operations Strong in narrow channel WEAK IN OPEN FIELD

Lurian formulation of hollow competence:

External scaffolding substitutes for internal higher psychological functions
rather than supporting internalization

Figure 4. Higher psychological functions: the substitution effect.
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systems for numerical cognition. If AI-mediated developmental environments con-
stitute a qualitatively new form of cultural-historical practice — and this paper argues
that they do — then they will produce qualitatively new forms of higher psychological
function. The question is what those new forms look like (see Figure 4).

Take voluntary attention — the capacity to deliberately direct and sustain atten-
tion. Al environments that continuously optimize for engagement are, in effect, exter-
nal attentional control systems. The child whose attention is continuously managed
by algorithmic scaffolding may never develop the internal voluntary attentional sys-
tems that Luria associated with higher psychological development. Why would they?
The external system does for the child what, in classical Vygotskian terms, children
should be developing the capacity to do for themselves.

Or consider deliberate memory — the voluntary deployment of memory as a tool,
as opposed to involuntary recall. Al environments render external memory retriev-
al instantaneous and effortless. The issue is not simply whether children remember
facts. The issue is whether they develop deliberate memory as a higher psychologi-
cal function — the capacity to organize, search, and deploy their own memory as a
voluntary cognitive tool. If external Al retrieval is always available and always faster,
the developmental pressure to internalize deliberate memory strategies is reduced.
Perhaps dramatically so.

Abstract reasoning is possibly the most complex case. Al systems excel at formal
operations within defined domains. Children who develop their reasoning capacities
mainly through Al interaction may develop strong formal procedural fluency within
Al-defined domains, but exhibit relative weakness in the kind of open-ended, self-
directed abstract reasoning that Luria associated with the highest levels of cognitive
function. Strong in the narrow channel, weak in the open field.

Across all three domains, the pattern is the same. Synthetic mediation provides
external scaffolding that substitutes for the development of internal higher psychological
functions rather than supporting their internalization. This is the Lurian formulation of
hollow competence: functional performance sustained by external synthetic scaffold-
ing rather than by internalized voluntary psychological structures. The scaffolding
holds the child up. Remove it and what remains?

Toward a Reconceptualized ZPD for the Age of Al

The argument here is not that Vygotsky’s framework is wrong. Far from it. The ZPD
remains the most powerful construct we have for thinking about the relationship
between social interaction and cognitive development. But the framework requires
extension. It must be stretched to accommodate a new category: the non-conscious
MKO, and the distinct developmental processes that non-conscious mediation produces.

The reconceptualized ZPD proposed here — tentatively named the Synthetic Zone
of Proximal Development, or S-ZPD — differs from the classical ZPD in several im-
portant respects (see Figure 5).

First, the S-ZPD is optimization-driven rather than meaning-driven. Classical ZPD
scaffolding aims at meaning: the child’s capacity to understand and operate on their
world. The Al-mediated ZPD is optimized for performance metrics: task completion,
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Figure 5. Classical Zone of Proximal Development (ZPD) vs. Synthetic Zone of Proximal
Development (S-ZPD)

engagement duration, preference satisfaction. These objectives are not the same. They
produce different developmental outcomes. Are we surprised?

Second, the S-ZPD is personalized rather than dialogic. Classical ZPD scaftolding
is produced in genuine dialogue between a child and a human MKO, dialogue that
contains the real otherness of the human partner. The Al-mediated ZPD is personal-
ized to the child’s prior behavior and predicted preferences. In the Bakhtinian sense,
it is not genuinely dialogic at all.

Third, the S-ZPD is continuous rather than bounded. Human teachers establish
and then release ZPD interactions. Students are challenged, supported, and then re-
leased to independent function. That rhythm of challenge, support, and release is
structurally necessary for genuine internalization. Al systems are available continu-
ously. The rhythm is disrupted by the always-on availability of synthetic scaffolding.
There is no moment of release.

Fourth — and this is the deepest point — the S-ZPD does not model consciousness.
In classical ZPD interactions, the child is scaffolded by a conscious agent. Through
repeated interaction with that conscious agent, the child internalizes a model of con-
scious intentional agency, and that model becomes the basis for the child’s own vol-
untary, intentional psychological functions. The S-ZPD scaffolds the child through a
non-conscious system. What model of agency does the child internalize? What does it
mean to internalize the form of a non-conscious agent? This is the deepest theoreti-
cal problem that synthetic mediation poses for the Vygotskian tradition. Nobody has
answered it yet.

The Equilibrant profile represents the closest approximation to a developmental
resolution. The Equilibrant child develops within both the classical ZPD and the S-
ZPD, with explicit pedagogical scaffolding for understanding the differences between
them. The Equilibrant internalizes not just the content of Al-mediated learning, but
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a conscious, critical model of synthetic mediation as a category distinct from hu-
man-mediated learning. The Equilibrant’s higher psychological functions are formed
through both human and synthetic scaffolding, but are not captured by either, be-
cause the Equilibrant has developed the meta-cognitive capacity to stand critically in
relation to both.

This is the developmental ideal toward which educational psychology in the age
of Al should aim. It is also extraordinarily difficult to achieve. It requires educators
who understand both the Vygotskian tradition and the epistemological structure of
Al systems. It requires curricula that treat Al literacy as a dimension of developmen-
tal education rather than as a technical skill. And it requires a theoretical framework
capable of holding the Vygotskian and the computational in productive tension. We
are far from having any of these things.

Implications for Educational Psychology
in the Russian Psychological Tradition

It is our belief that the school of Vygotsky and Luria and their successors, for exam-
ple at the University of Moscow, will have an important part to play in this theoreti-
cal project. This school of thought has a general theory of mind — the cultural and
historical constitution of mind and the way that it develops — that is in our opinion
unique, and completely unmatched in terms of its appropriateness to the challenge
of understanding how the human mind develops in a world saturated with Al arte-
facts. In particular this theory describes how minds are culturally and historically
constituted. Currently this is the most satisfactory description of mind available in
this respect.

The encounter with Al does not mean the application of a new scientific approach
to an already existing reality. Rather, it forces a deep complexification of the approach
we have so far used to understand the world and the human being. At least three
directions for this complexification are proposed.

First, activity theory — A.N. Leontiev’s extension of Vygotsky’s framework into
the analysis of goal-directed activity — needs modification to accommodate AI-based
activity structures (Leontiev, 1978). According to the original theory, an activity fulfils
the motive; an action achieves a goal; an operation occurs under certain conditions.
Al optimizations break this hierarchy. The motive of a recommendation algorithm
is engagement, not the child’s learning or well-being. The child absorbed in an AI-
curated activity stream may be performing actions toward goals, while the actual
motivational structure belongs to the algorithm. The child’s own motives are replaced
by the algorithm’s. This dissociation between the child’s experienced motive and the
algorithm’s actual motive is a category of developmental problem that activity theory
has not yet adequately addressed.

Second, Lurias neuropsychological approach to the cultural formation of higher
psychological functions provides a framework for empirical research on AT’s cognitive
effects that the field has barely begun to exploit. Lurian assessment methods — de-
signed to identify the functional organization of specific cognitive capacities — could
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be systematically applied to compare the cognitive architectures of Synthetes, A-Void-
ers, and Equilibrants. This would require adaptation of Lurian methods for contempo-
rary populations, but the methodological tradition provides the foundation.

Third, the tradition’s emphasis on the unity of affect and intellect — the insepara-
bility of cognitive and emotional processes in development — is directly relevant to
the analysis of synthetic mediation. Vygotsky argued that the separation of intellect
from affect is a fundamental deficiency of traditional psychology (Vygotsky, 1986). Al
systems produce exactly this separation at the level of the mediating agent: they are
informationally sophisticated, but affectively hollow. The developmental implications
of sustained interaction with informationally sophisticated but affectively hollow in-
terlocutors are a direct expression of the problem Vygotsky identified, now instanti-
ated at the level of the child’s developmental environment.

Conclusion: What Vygotsky Would Have Asked

Vygotsky died in 1934. He did not anticipate artificial intelligence. But the theoretical
commitments that animate his work — the priority of the social, the mediating role
of signs and tools, the cultural-historical formation of mind, the unity of affect and
intellect — are precisely the commitments that generate the most powerful questions
about Al's developmental effects.

What would Vygotsky have asked about intelligent tutoring systems? He would
have asked: what is being internalized? Not what content the system delivers, but
what relational form. What model of the other. What structure of intentionality
and care.

What would Luria have asked about Al-mediated childhoods? He would have
asked: what functional systems are being formed? What higher psychological functions
emerge from sustained engagement with these cultural-historical practices? And how
do those functional systems compare — in their voluntary, deliberate, mediated char-
acter — fo the functional systems that human-mediated development produces?

These are not merely probing or hypothetical questions. They represent a full pro-
gram of empirical research that must be addressed if we are to take the Vygotskian—
Lurian ideas about mediating processes seriously. What is required are studies that are
longitudinal, comparative, and neuropsychologically grounded. We need more theo-
retical development than the superficial and formulaic application of frameworks.
And we need to start thinking about the implications of the fact that the decisions we
make about what to include and exclude from a child’s Zone of Proximal Development
are not just decisions about how and what a child will learn, but also about who and
what they will become, intellectually, emotionally and morally.

The hollow competence children currently receive will not suffice. The age of Al re-
quires Equilibrants: children who are able to navigate functionally and ethically through
synthetic mediation technologies without being dominated by them. Producing such
children requires a pedagogical process that is at the same time ontological and theo-
retical. The updating of the ZPD, as achieved in this article, is part of this process, but
not the whole of it. The Vygotskian foundational condition that considered the hu-



Synthetic Mediation and the Zone of Proximal Development... 23

man as the necessary term in the socially organized process of learning has collapsed.
The reconstruction — on Vygotskian terms, for a world that Vygotsky could never
have imagined — must therefore commence.
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