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Abstract: Computerized executive-function assessment improves standardization, timing control, and

automated scoring in child cognitive assessment; however, task-entry difficulties before scored trials
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may be confounded with the target executive-function construct, while adaptive support that extends
into scored trials may threaten measurement validity. This study proposes a measurement-preserving
adaptive onboarding framework for low-resource and potentially low-carbon child psychological
assessment. The framework confines support to task entry and practice, while locking formal stimuli,
timing, response mappings, feedback policy, scoring rules, and summary metrics during scored
measurement. Using the Dimensional Change Card Sort and backward digit span as application
scenarios, the system provides lightweight, withdrawable, and auditable support through brief
prompts, rule-specific animated demonstrations, and scaffolded recovery practice triggered by
repeated errors, prolonged hesitation, and input-mapping difficulty. Based on 52 cleaned child sessions
and paired ratings from eight observers, the study compares standard and adaptive practice in terms of
task entry, support triggers, recovery, formal-block performance, and field deployability. Results show
that adaptive onboarding generated auditable practice-stage evidence and improved task-entry
smoothness, post-error recovery, coordinator burden, and process standardization. Formal-block
metrics did not show a uniform adaptive score advantage; in the directly supported DCCS task, formal
accuracy was broadly comparable across conditions. These findings suggest that bounded adaptivity
should be understood as a validity-preserving interface strategy rather than an intervention for raising
test scores. Because energy use, cloud-call cost, session-level carbon emissions, and invalid-test
reduction were not directly measured, the low-carbon claim is limited to potential deployment value
rather than demonstrated carbon reduction.

Keywords: child executive function; computerized assessment; low-carbon Al; adaptive onboarding; measurement
validity
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B BB AR 2I— 800 BE NG5 % . Flanker A —SURKHERA R AE 38 M2 T B
PRUEZIE N 0.935, HIEMNIE N 0.988, Z{H N+0.054, BASIX [ N[0.004,0.121]; {HE T FERAE{L
RN )38 3 HE AR AE G S 26 A T AR B0, BT FERoR B T AR ME 24 TR 4.04, FEHIEN
M TN 3.69, ZHAN-0.35, BSXIAIA[-1.23,0.59]; ALK I Kmax FEFRAESEIE R N 2.46, HIEMN %
218, Z{EN-0.27, BI5XIEN[-0.64,0.11].

& 5 EXM B EERITIREIEIR

(=L PrEIIE HE&EMBE ZE K 95% CI

Flanker A~— S % 0.935 0.988 +0.054 [0.004, 0.121]
Flanker +#{ ) N (ms) 106.03 82.45 -23.58 [-95.41, 53.05]
DCCS e % 0.931 0.928 -0.002 [-0.059, 0.050]
DCCS & i % 0.933 0.932 -0.001 [-0.065, 0.061]
DCCS ## A S MR (ms) 232.98 174.83 -58.15 [-162.53, 43.20]
B R KEE R 4.04 3.69 -0.35[-1.23, 0.59]
) S R 5.04 4.62 -0.42 [-1.84, 1.02]

AR A I R 0.849 0.827 -0.022 [-0.082, 0.038]
AREAG I Kmax 2.46 2.18 -0.27[-0.64, 0.11]

6.3 DCCS P ERXZFHFIEFENERBER—K

DCCS 2 A& R 41 FLHE S Feime 7 0 AT S5 R L R s B o s e oG . 45 R 2o,
DCCS # i R AEbRHESRAE T 09 0.931, FE HIEN Z&AF T4 0.928, Z1EH -0.002, EAE X [A]J9[-0.059,
0.050]; HE R UEMZEAEARMESRME TN 0933, fEHIEMNFKM TN 0932, Z{H N-0.001, BFAEXEN][-
0.065, 0.061]. DCCS #% 4 il A S S 78 & N 26 A BUE UK, (HE(E XS HE .

KGR BAWES L —J7H, BT AHSEAE SR I Bt DCCS Fi ) 2 fig A0 4 2 il St 43t
THE: S, XS EARIE IE R R ROV R TR AR TN, X
AR R GHR T B A H G N SR B R IE P BOE R e 4, W90 SO 7 S — PO S R
TR TAESS M54

6.4 WRE TS BREFHEANNMTRIES BN E

MEEE VTS 5 1R 25 RA B EIE . &S 3 NAE T 53 SRR AR bR e AL B BRSO, A
HEAAE AN 4.58, FENLAERIME N 5.80, Z{H N+1.23, BIEXIAIN[0.83, 1.68]. L5533 A Jis b
AR A HEN SN, FRAEIEN 5.00, HIEMIE N 5.83, Z{HN+0.83, EAEX[AIPH[0.53, 1.13]. 4
WEWE SMAYE. LIS 5 USR] R/ R 8 I 4 P 35 2 R ) 22
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T EE R, WEHIFAREIEIMR VP E . FVF I3 S 102 X i U R AN By T A (4
AN L AT I RERE I AAL I AW D, WEE VFM il & M TSR — M B R I Ehie: g
RS ANAT BTk ) LEE S st NAT 55, I8 Ui G AR B AT AR AR AL AR RE A IS T

= 6 NBEFXFLER
g P ESE B & RIE ZE K 95% CI
R4 3k N 1 5.00 5.83 +0.83 [0.53, 1.13]
JLEZ Y 5.30 5.75 +0.45[0.20, 0.73]
iR G 5T 5.88 6.38 +0.50 [0.25, 0.80]
PR o3 S AR bR AE AL 4.58 5.80 +1.23[0.83, 1.68]
A] A ] 5.80 6.18 +0.38[0.18, 0.63]

6.5 REEFEREN : RLVIEEHFRE, ESBBEMAIMESIE

MARBRERE A, AT FE SRR 3t 7 IR R ISR, T AF ELE R HEOIE Y . E SN AAE
ZrWr Bids Ve LB AR B BL . R AN B AR B R R SR, ROV R AR TRk
ANy WAL 1l o M Gt DX U 3 SR AT SRR AR AL O PP SR T, i B IR AR R A F
e AL A T BE PR AR X v 5 BN T R M. 1 T ASOR ISR A TR SR RerE. o i FH AR
Ay SRR BOTE R D, AR S Ve A PR s e B Y AE AR & (B, TR S SRR
BRHE A o

PRl AR SR RER AT A LUK A T, WA 58 52 2% A R0 oK B vy TN
J1; EHEREGE A D TTHE IS LA ARSI Y BUE S5 NN SR B BR SCRF, A 1E 2 i 4]
SCHF, FFIEBEA R R B TR ST o AR SR (9 AE A (LA T3 R R B 5 R IR A
(7 I 36 G LA 88 B D AR A 45 BOGR THT R 1

718

A FE S8 ) LB T AT DI REVEAG h A S5 BEN IR M, 32 HH IR R0 BE 7 — bl & 20 OR fr
R B & B AMESE . AT UG i IE QSRS 70 HAR I & B ZREE el 3 R 48, ATy
W EE RN A FZ RS T EXME AT RS AR, 52, RGIPAREIEE T B BL
EPSE RS, R R R ARl AT TS ISR, W B LE AR N IR S UE 55 L T B AR
WL AR N S I B ST AR ZPIRES . DFREE B IR,  HE N 5N BENSAE LRSI B BO S 1 ) SRRt
KEWEIL, I WEE VN PREFS ARG BRIEWE . P & AR R L St
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RN, AT B BOFR B EE R BIEN A S, JCHZRER E SR DCCS AR5, pifd
SEAF T IEAAME R I AR — 2, RIRGIR A T A& B JLE TH SN O PP o 10 57 T 2% 2 SR 4
BT, B TAEARBN A BT AR R RE L, HLE5 8 N IR E AEAE B R AL A AT
Ik .

7.0 MEMETTR: MNRIMRAL FE “WEHRE

ASHIEFE B TTERAE TR FE N SR AN BRI BB AR Xy ik, R EET E A IE 5C
MEFTRAESFS NS . £ BANZLEE e RGEH, B IERALHE P s BRI E )=

IR ARG IR B BB R . SRR BN BECE WA SN, A JLEAR T KR =]
RER B AR, AR HARSATIIRERE I A & o JEHXS T ) LESHAT I REVIAG I 5, AR5 RIUAHZ 211G
FEAL MNRAL . SN JEE YRS HURES 5 2 B UM, AR S8 1E 30 55 S5 M ) SRR
A BES M P 2 AR

ISR GE R s A — 8. BIENSANEL TN BO™ A T KRl MR il s, Wl R
GErA SR A IF BN 187 )L AR 55 BE N IR (HIE B BOF R LG — M B @ MRS, JUH
DCCS ¥l ff 5 A B 2 AER R AEPIFN AT TP — Bl X — G RABERRRE )™ 16 10 BRI 5 55 20k
UER, HEDRR T —NEEEY B EE N IR A AT B BUf RS 2 K -
MBUEF R, X R AR B R SR R A M . A H G N SR Bk S B SR S5 E IE (B B
BERD LT, WU B 5 E P R AR T U A T RSSO

RIS L, RSO ) LE AT S RETH SNV PP R s 2 T PP R G 10 B G R A R TE A6 AFIE K
CRNEM]T BECHERRTIT MR E S WIS IR AT DUG RS . R AR B A AL . X T DCCS,
H By A B I 4R S IR SO AR 5T 5 R H@ N SR IR EEE S AN S S B, ThE
R A R 2 I RUE ORI AR . X — B IR A RE R U™ A IO BRI S I0AIE, A BE ELERIE W IN 46 B AT
PSRN AR, EOLE TSN PP AR O T AN EE A R AR E AT, RGTR] AT
B LEBAESZ AL, JFessscRid e, ERWETHRZ G, RS IERIIF RIS %0 — 2. R
gt seit, AHE “LEARMIES” 5 “LEHREEEs” XaIhk.

7.2 HCI 538K : JSESSHEN B MERE (L N AT B i RO IR IE R

AT ZITER AR IAE ANLAZ B 0, B L2 AT 550 N R X AN DA S BLag ¢, X DA R B 3
WA e, BN IS, AT get . R RS I AR . EAE ST LEIPEELY,, JLE IR BB
B EERR. BUWRE S A RAE, TR 2 RIE QBT R T IXAE A P B sk
FEHEE W, WA T IR SE AT, (HHEREAE T AR RN AL 38377 A BRI
Ased—E, WU IR B DL AL SR SR SR T A A . HEN S A RGNS T 55 —Fh
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AT RGUFAN BT ZR ST BRI LERE AN, TR A VR AR . a3
B BN RS AT R R S LR, R DO R SR R R B L SCRFRE S SRR B, RS
Al IEERUNREKENTI N R, ARFHEAG B FE R AT — B BAR, 1
AT AR B A LA I T R

MHCLAESE, AUFRAIHEA R BT 7 — N AL LE S I, ikt 17— it R4+
IR TENLH . REMLERIUESZS AL KA, EEEW U JLEAENESHER 74K
M, RGO APRMESCRE, SR LR B IRE AR, IR AT SR 5 &Rl X Mg
FEUESEX TILE PG O E B, LB ARG/, A B, BSNS54
HATRJEHRFAELY . R R G B IX LR e 22 57, At AT REFE RT3k S 1) 22 TR iR E ORI R . A
B MR R GERE AR T SOCRHE S EN, IR ORBSCRFPUE, W08t A SE RO Re 1L U,
AE S HAR I AT 55 i

7.3 Kk Al TEk: BB, BRHEL T

AT = DO T AR AL LA R B A ) LE DBV AE TR g “BRE” o ek, AN LERELE
HUR AN BT N 8 5 R L SRR TN e S B R A S (B LR PAAT T RE VP Al XA
HI A S, FOERR EA AR L2 EORRIRER, TR &R, HEM . SR AR AU THE RS AL .
AR AR ER B & B ST EAMRBAERY, A 2= S SEHERE, T ZR ST pr BGE il . R
fioh e R 55 g e s Ve SR A PR S Fr

RAARBRYE B R B R AL . RGUET EE AR PO R R S R XE S5 T AR 1S 5 il A SC
FF, AN B LB BEIJEAT R, AR EAEBITBEUMEL AR . SCRIE A T SR RN
BRI E G2, RN W] DIAEAM % R181T, BBy il e A it e, 3
O ARBNEAAIAEL T . T B@N SR RAE S ARG Bigty, B aBrBeoe i SoRs, Rgue
G T AR LG HT R B THS E AR XA . PRI, ARBR ISR IR R Z 1 . B &R N
PRAEAC SRR AR 252], AR REIR> TR E MR iy, LE SRR R, AT A kB
PREFRT S A DXCRIEE 2 A2 R AR 55 37 55t o (Y 9 B 4 fH 2 i

AW TR T — R BATEAEARRR AR E O E R B AR DUBUIR TR R 2 FESe L AR 8 AR S5 3N
Hike, CAATE U i b B R A E I, JFAEA SR IE S B A% O R T I R 3 R G n] B
R AT A RS RPN, T “ IR SEdE. BN I I SRR R T R
FE7 o FrBL, ikl AL S EREIF AR IR B bR b, BEMIL TR G4 B+ 280% £k
o RGBS IR BT R AaRe, AN ELUREE S R KRGS IC RSO R,
A ) PR SO R B T MG BT AR BRI R A SakHE, IR IR NI P Dy e it 22
W5 ISR R 1 oThk, 1 AERRHERCR SRR .
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8 RIRERRHTF

A FAFAEE TRIR 58—, FEAREEUN. 524 LR SRR SR YD SR IEATE fE 0 i, H
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ST EEBOIF AR M BENL 7 B SE e . BAR P ALAE SR I8 MR S R BN, (B AN RE S8 e HERR It I 37
sy FRK ARSI BEEIBIREATT VL2 5 i R 520 . 5 SR 7 NCR ] REATLG B mlse S veit, I
LM ZOS R FE AR AIE s B bR . S =, ASCRA BERNE RS REME. W&, =i A
SRR - To RN B, A TR N T T B A . R, AR H g
PHeTBERBR AR BB, A REF AR QLRI SRS TR 25 S A BERE I . Ui,
RMRMN AL, BB AR Tahs. 2800, WEE 0 ol RE32 2 WA W . &
SRBCXS PP A B T LU BhRHEZR > 5 A& M2k S AR ZE 7, (EEE IR E BRI RN &, HE R EE
BRI T RS . ST, AT EEIRIUE T DCCS M) FEMMES, AREEIRHE
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9 £5if
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B3R 7 E kUi o

RGN SEARACF U . B PPAl RGN T Python/PsychoPy ¥ LEHAT DI AEFEIL, B & brifESh
RS HENG R . 21T BIRIC RS 58T LA IE L R3] PRI F 8 NI i
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