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SXSSOePeQWaU\ IQfRUPaWiRQ

SXSSOePeQWaU\ MeWhRdV

SXSSOHPHQWaU\ MHWKRdV 1: RHSOLcaWLRQ LQ BOLD5000

In order Wo WeVW hoZ Zell oXr reVXlWV replicaWe in an independenW daWaVeW, Ze applied oXr

encoding model of behaYior-deriYed objecW dimenVionV Wo a differenW openl\ aYailable

large-Vcale fMRI daWaVeW of YiVXal reVponVeV. We choVe Whe BOLD5000 daWaVeW 1 becaXVe iW

inclXded objecW imageV Waken from a differenW image daWabaVe, ImageNeW 2, aV Zell aV Vcene

imageV Waken from Whe MS CoCo daWabaVe 3 WhaW conViVW of a mi[WXre of indiYidXal objecWV

and mXlWiple objecWV in a Vcene. ThiV alloZed XV Wo eYalXaWe Whe e[WenW Wo Zhich oXr reVXlWV

generali]e Wo differenW parWicipanWV and imageV claVVeV. HoZeYer, Ze e[clXded reVponVeV Wo

Vcene caWegorieV from Whe SUN daWabaVe 4 Vince WheVe imageV Zere Vpecificall\ deVigned Wo

e[clXde objecWV. We fXrWher e[clXded parWicipanW CSI4 from WhiV anal\ViV Vince Whe\

performed onl\ parW of Whe e[perimenW. The reVXlWing daWaVeW compriVed Whree parWicipanWV

Zho each VaZ 3,916 imageV (1,916 imageV from ImageNeW and 2,000 imageV from MS

CoCo).

We conVWrXcWed oXr model of behaYiorall\-releYanW objecW repreVenWaWion for Whe BOLD5000

VWimXli b\ obWaining predicWed dimenVion YalXeV baVed on Whe Vame procedXre Zhich Ze

XVed for Whe THINGS imageV (Vee MeWhodV VecWion BHKaYLRUaO HPbHddLQJ). We When fiW an

encoding model Wo each indiYidXal parWicipanW Zhere Ze predicW Yo[el-ZiVe reVponVeV Wo

each image baVed on Whe 66 objecW dimenVionV. Mirroring oXr main anal\ViV, Ze fiW WhiV

model in WZo differenW Za\V, 1) in order Wo eYalXaWe iWV oYerall predicWion performance, and 2)

Wo eYalXaWe Whe conWribXWion Wo indiYidXal dimenVionV in each Yo[el. To eVWimaWe Whe predicWion

accXrac\ of Whe enWire model, Ze XVed a Vimple croVV-YalidaWed linear regreVVion analogoXV

Wo oXr main anal\ViV (MeWhodV VecWion LLQHaU RHJUHVVLRQ RQ IMRI VLQJOH WULaO HVWLPaWHV). We

normali]ed WhiV predicWion accXrac\ baVed on noiVe ceilingV Zhich Ze obWained ZiWh Whe

Vame procedXre WhaW ZaV XVed for Whe THINGS-fMRI daWaVeW 5. To obWain robXVW eVWimaWeV

for Whe conWribXWion of indiYidXal dimenVionV for WhiV predicWion, Ze fiW oXr encoding model

again XVing fracWional ridge regreVVion 6. We deWermined Whe beVW-fiWWing regXlari]aWion

parameWer for each Yo[el baVed on Whe Vame parameWer grid and croVV-YalidaWion procedXre

Zhich Ze XVed in oXr parameWric modXlaWion model, e[cepW iW ZaV applied Wo diVcreWe

reVponVe eVWimaWeV inVWead of Wime VerieV daWa (Vee MeWhodV VecWion PaUaPHWULc PRdXOaWLRQ

RQ IMRI WLPH VHULHV). Finall\, Wo YiVXali]e Whe VpaWial e[WenW of Whe model predicWion accXrac\

and Whe dimenVion-ZiVe WXning mapV, Ze YiVXali]ed Whe reVXlWV on corWical flaW mapV 7.



SXSSOHPHQWaU\ MHWKRdV 2: VaULaQcH SaUWLWLRQLQJ RI RbMHcW VKaSH YV. bHKaYLRU-dHULYHd

dLPHQVLRQV

In an e[ploraWor\ anal\ViV, Ze WeVWed hoZ mXch Yariance in neXral reVponVeV can be

e[plained b\ objecW Vhape relaWiYe Wo Whe behaYior-deriYed objecW dimenVionV. To WhiV end,

Ze XVed an image-compXWable model of objecW Vhape and compared iWV e[planaWor\ poZer

Wo oXr behaYior-deriYed dimenVionV XVing Yariance parWiWioning.

We firVW obWained a model of objecW Vhape for all VWimXli preVenWed in THINGS-fMRI. To WhiV

end, Ze aXWomaWicall\ VegmenWed all imageV XVing SegmenW An\Whing 8 Zhich Ze prompWed

ZiWh a CLIP embedding of Whe objecW concepW labelV Wo fXrWher refine reVXlWV. ImageV for

Zhich Whe VegmenWaWion algoriWhm failed (n=873) Zere e[clXded from WhiV anal\ViV. Ne[W, Ze

XVed objecW VilhoXeWWeV idenWified WhroXgh WheVe VegmenWaWionV aV inpXW Wo an

image-compXWable model of objecW Vhape 9. ThiV model repreVenWV objecW Vhape ZiWh 22

dimenVionV, Zhich haYe been demonVWraWed Wo be highl\ predicWiYe of perceiYed Vhape

VimilariW\ and Zhich reflecW laWenW componenWV Xnderl\ing more Whan 100 Vhape deVcripWorV,

VXch aV foXrier deVcripWorV, major a[iV orienWaWion, or Vhape VkeleWon 9. If a giYen image

conWained mXlWiple objecWV of Whe Vame W\pe (e.g. 3 appleV), Ze aYeraged b\ aYeraging oYer

Whe YalXeV of all VegmenWaWionV for WhiV giYen image. From WheVe reVXlWV, Ze obWained an

encoding model of objecW Vhape ZiWh 22 regreVVorV. We When compared WhiV Vhape model

ZiWh oXr behaYior-deriYed model in a Yariance parWiWioning analogoXV Wo oXr compariVon ZiWh

objecW caWegor\ (Vee MeWhodV VaULaQcH SaUWLWLRQLQJ RI RbMHcW caWHJRU\ YV. dLPHQVLRQ baVHd

PRdHOV). ThiV alloZed XV Wo diVenWangle Whe amoXnW of e[plained Yariance in neXral

reVponVeV WhaW iV XniqXel\ aWWribXWable Wo objecW Vhape or Whe behaYiorall\-releYanW

dimenVionV, or WhaW iV Vhared b\ boWh.

SXSSOHPHQWaU\ MHWKRdV 3: LLVW RI RbMHcW caWHJRULHV aQd dLPHQVLRQV XVHd LQ WKH YaULaQcH

SaUWLWLRQLQJ

For Whe compariVon of objecW caWegorieV and dimenVionV, Ze VelecWed 50 VXperordinaWe

caWegorieV and 30 dimenVionV.

The VelecWed high-leYel caWegorieV inclXded "animal", "bird", "bod\ parW", "breakfaVW food",

"cand\", "cloWhing", "cloWhing acceVVor\", "condimenW", "conVWrXcWion eqXipmenW", "conWainer",

"deVVerW", "drink", "elecWronic deYice", "farm animal", "food", "fooWZear", "frXiW", "fXrniWXre",

"game", "garden Wool", "hardZare", "headZear", "home appliance", "home decor", "inVecW",
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"jeZelr\", "kiWchen appliance", "kiWchen Wool", "lighWing", "mammal", "medical eqXipmenW",

"mXVical inVWrXmenW", "office VXppl\", "oXWerZear", "parW of car", "planW", "proWecWiYe cloWhing",

"VafeW\ eqXipmenW", "Vchool VXppl\", "VcienWific eqXipmenW", "Vea animal", "Veafood", "VporWV

eqXipmenW", "Wool", "Wo\", "YegeWable", "Yehicle", "ZaWercrafW", "Zeapon" , and "Zomen¶V

cloWhing".

The VelecWed dimenVionV compriVed "MeWallic / arWificial", "food-relaWed", "animal-relaWed",

"We[Wile", "planW-relaWed", "hoXVe-relaWed / fXrniVhing-relaWed", "YalXable / precioXV",

"WranVporWaWion- / moYemenW-relaWed", "elecWronicV / Wechnolog\", "colorfXl / pla\fXl",

"oXWdoorV", "paper-relaWed / flaW", "hobb\-relaWed / game-relaWed / pla\ing-relaWed",

"WoolV-relaWed / handheld / elongaWed", "flXid-relaWed / drink-relaWed", "ZaWer-relaWed",

"Zeapon-relaWed / Zar-relaWed / dangeroXV", "hoXVehold-relaWed", "feminine (VWereoW\pical)",

"bod\ parW-relaWed", "mXVic-relaWed / hearing-relaWed / hobb\-relaWed / loXd",

"conVWrXcWion-relaWed / crafWVmanVhip-relaWed / hoXVeZork-relaWed", "Vpherical / YolXminoXV",

"fl\ing-relaWed / Vk\-relaWed", "bXg-relaWed / non-mammalian / diVgXVWing", "heaW-relaWed /

fire-relaWed / lighW-relaWed", "fooW-relaWed / Zalking-relaWed", "head-relaWed", "medicine-relaWed

/ healWh-relaWed", and "VZeeW / deVVerW-relaWed"
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SXSSOePeQWaU\ FigXUeV

SXpplemenWar\ Fig. 1. IPSURYePeQWV iQ fMRI eQcRdiQg PRdeO accXUac\ afWeU iPage-ZiVe SUedicWiRQ Rf
RbMecW diPeQViRQV. ScaWWer ploWV VhoZ Whe PearVon correlaWion beWZeen held oXW and predicWed daWa (12-fold

croVV-YalidaWion) for oXr Yo[el-ZiVe fMRI encoding model baVed on Whe 66 objecW dimenVionV Xnderl\ing

perceiYed VimilariW\ 5. Each Vample repreVenWV one Yo[el in a maVk of YiVXal corWe[ (V1-V3, FFA, OFA, pSTS,

EBA, PPA, OPA, RSC). The [-a[iV denoWeV Whe predicWion performance of Whe original objecW embedding baVed on

1,854 objecW concepWV 5. The \-a[iV denoWeV Whe predicWion performance afWer WheVe original objecW dimenVion

ZeighWV haYe been predicWed for each indiYidXal objecW image preVenWed in fMRI (Vee MeWhodV VecWion on

behaYioral model). The doWWed line VhoZV eqXal performance in boWh caVeV.
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SXpplemenWar\ Fig. 2. ReSOicaWiRQ iQ Whe BOLD5000 daWaVeW. A. PredicWion accXrac\ of an fMRI encoding

model baVed on Whe predicWed objecW embedding for BOLD5000 VWimXli (noiVe-correcWed R2). Each colXmn VhoZV

Whe flaWWened lefW corWical VXrface of one VXbjecW. The labelV ³CSI1´, ³CSI2´, and ³CSI3´ correVpond Wo Whe

BOLD5000 VXbjecWV. NoWe WhaW Whe ROI for earl\ YiVXal corWe[ iV mXch Vmaller in BOLD5000 compared Wo Whe

THINGS-fMRI daWaVeW dXe Wo a Vmaller VWimXlXV preVenWaWion (4.6 compared Wo 10 degree YiVXal angle) and a

differenW procedXre for prodXcing flaW mapV. B. FXncWional WXning mapV for indiYidXal objecW dimenVionV in

e[ample VXbjecW CSI3.
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SXpplemenWar\ Fig. 3. fMRI eQcRdiQg PRdeO SUedicWiRQ accXUac\ aQd aYeUage accXUac\ iQ diffeUeQW ROIV.
A. PredicWion accXrac\ in VWaWiVWicall\ VignificanW Yo[elV (S<0.01, FDR-correcWed, 12-fold croVV-YalidaWion, 8,640

Wraining and 820 WeVW VampleV per fold, 10,000 random permXWaWionV per fold). Each roZ VhoZV flaWWened corWical

VXrfaceV for each VXbjecW. ColorV indicaWe PearVon correlaWion beWZeen predicWed and held-oXW daWa in a

beWZeen-VeVVion 12-fold croVV-YalidaWion. B. PredicWion accXrac\ in differenW regionV of inWereVW e[preVVed aV R2.

RegionV of inWereVW inclXde reWinoWopic areaV (V1, V2, V4, hV4) and caWegor\-VelecWiYe clXVWerV (OFA, FFA, EBA,

PPA, MPA, OPA). BarV repreVenW Whe mean YalXe per ROI. Error barV indicaWe 95% confidence inWerYalV of Whe

mean. Each daWa poinW repreVenWV one Yo[el. WhiWe annoWaWionV indicaWe Whe nXmber of Yo[elV per ROI.
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SXpplemenWar\ Fig. 4. CRQViVWeQc\ Rf aYeUage ROI diPeQViRQ WXQiQg acURVV VXbMecWV. Bar heighWV VhoZ Whe

correlaWion beWZeen WZo parWicipanWV¶ dimenVion WXning paWWernV for a giYen dimenVion. TXning paWWernV Zere

obWained b\ aYeraging beWa YalXeV from Whe encoding model in 16 ROIV. Bar color indicaWeV Whe VXbjecW pair for

Zhich Whe correlaWion ZaV compXWed.
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SXpplemenWar\ Fig. 5. CRPSaUiVRQ Rf YaUiaQce iQ QeXUaO UeVSRQVeV XQiTXeO\ e[SOaiQed b\ RbMecW caWegRU\
YV. diPeQViRQV. Each Vample repreVenWV one Yo[el. The [-a[iV indicaWeV Whe amoXnW of Yariance e[plained b\
an encoding model of objecW caWegor\, and Whe \-a[iV in WXrn b\ a model of behaYior-deriYed dimenVionV. Vo[elV

aboYe Whe daVhed idenWiW\ line Zere beWWer e[plained b\ Whe dimenVionV model. Color indicaWeV ZheWher Yo[elV

belong Wo earl\-YiVXal (V1-V3) or higher-leYel (face-, bod\-, and Vcene-VelecWiYe) regionV of inWereVW.
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SXpplemenWar\ Fig. 6. CRPSaUiVRQ Rf a PRdeO Rf RbMecW VhaSe aQd Whe PRdeO Rf behaYiRU-deUiYed RbMecW
diPeQViRQV. FlaW mapV VhoZ Whe lefW hemiVphere of each VXbjecW. ColorV indicaWe Whe proporWion of e[plained

Yariance (noiVe ceiling correcWed Rð) from Yariance parWiWioning. A. Shared Yariance e[plained b\ boWh modelV. B.

Variance e[plained XniqXel\ b\ Whe model of behaYioral dimenVionV. C. Variance e[plained XniqXel\ b\ a model

of objecW Vhape.
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SXpplemenWar\ Fig. 7. NRiVe ceiOiQg Rf ViQgOe WUiaO UeVSRQVeV SURYided b\ Whe THINGS-fMRI daWaVeW. ColorV
indicaWe Whe noiVe ceiling e[preVVed aV Whe amoXnW of e[plainable Yariance in Wrial-ZiVe fMRI reVponVe eVWimaWeV

Zhich ZaV XVed Wo normali]e Whe predicWion performance of Whe encoding model.
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SXpplemenWar\ Fig. 8. RegXOaUi]aWiRQ SaUaPeWeU iQ Whe SaUaPeWUic PRdXOaWiRQ PRdeO. ColorV indicaWe

Yo[el-ZiVe Į-fracWion XVed Wo regXlari]e Whe ZeighWV in Whe fracWional ridge regreVVion. Larger Į-fracWion reflecW a

Vmaller amoXnW of regXlari]aWion. An Į-fracWion of 1 iV eqXiYalenW Wo Whe ordinar\ leaVW VqXareV VolXWion. An

Į-fracWion of 0 indicaWeV ma[imXm regXlari]aWion, ZiWh all regreVVion ZeighWV VhrXnk Wo 0.
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