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ITepiAndm

To cOyypova YAwoowd povtéha (I'M) éyouv xatopdnoet afloonueinta emtedyuata YAwooAS ENdPXELUS Xl
xatavonone, Eenepvdvtag xou Tic emdboelc Ty avipdtwy ot opopéves epyaoiec. o va emtdyouy emddoeig
ouypnic, To I'M amoutoly dho xou peyohitepy| alENnom Twv UTOROYIG TIXWY TOPWV ol TOU HEYEHOUS TeV BEBOUEVLV
exntafBEUoNC TOUC, XAVOVTOG GUY VA YeRon YLMABWY XUPTOY YRAUPXOY, Xal TploexaTtopuuplny Aéewy. EZetdlov-
TaC Tov TEéToL Tou pardalvouy va WAdve ol dvipwrotl, Slamotevouue uia Eexdidoen avtideor. To moudid, yia vo
avoamtOEou TNV avoTNTaL TNG opAlag, extldevton to ToAD ot exatd exotoupdpla AE€els €wg Ty Nhxdo Twv 13
eTQY, emdevioviac alofadUuao T ATOTEAECUATIXOTNTA OGOV APOEd TOV dELUUd TWV ATUTOVUEVKY DELYUATLY
yAodoooc. Me xivntpo auth Ty acuugwvia, diepeuvolue tnv tpoexnaideuon I'M ue teploplopévo aptdpd AéZewy,
npocopoldlovtag To avantuéloxd epBdilov tewv tudidv. o to telpduatd pog uodetodpe dbo oevdpla, éva
TEPLOPLoPEVO GEVEpLo Ue Uéyioto Tic 10 exatoupipia MEelc, xou évo eyohlTERO OEVEELO e PEYLOTO aptdud Tig
100 exavopptpia Aé€eic.

H pédodoc pac emxevtpdvetar otnv Ernavénon Aedopévov. Xenowornowlpe npota to TinyStories — éva
oUVOLO BedOUEVWY UE amAEC o OOVTOUES LoTOplEg, XaTavonTég amd mawdld 3-4 €TV — Yloo TV exmaldeuon
HOVTEAWY UETUCYNUOTIO TV ATOXWIXOTOMNTOVY, XOVMY VoL TopdEouy xelyevo. TN cuvéyeld, eEetdloude T
YAWOOUXT] ETMEEXELL TWV LOVTEAWY, XoHOC XAl THY TOLOTATA Xol TNV TOLUAAOUOEI TWVY TAPAYWYWY TOUE, EVOOW
petof3dhhovpe To péyedoc Twv dedouévwy oto clvolo exnaldeuvong toug. H allohdynot| pag delyvel 6Tl autd ta
HOVTEN UTOPOVY VOl BNULOLPYCOLY TEWTOTUTES X0 YROUUITIXG CWOTEG LOTORIES AXOUT XAl UE UEPIXS EXOTOU-
poplor dedopéva exmaldeuone.  XTn CUVEYELL YENOWOTOLOUUE TOUG OTOXMOLXOTOMNTES YLoL VO ONULOVEYICOUUE
éva cOvoho Bedouévwy ourdeTikdy LIGTOPLY, TO OO0 GUVEVOVOUUE HE €Vl EUPU GUVORO XEWEVMV YLOL VUL EX-
TodeOCOVUE LOVTEND UE QPYLTEXTOVIXT XwdxoToINTY peTaoynuatiot. o vo aglohoyricoupe v enidpaon tne
TEY VG ETAOENONG BEBOUEVWY, UETEGUE TN YEVIXY XOTAVONCT| TNG YAMOOOC, TN YROUUUOTIXY oL TN YVOOoN Ylo
TOV XOGUO0 ToL BLadETOUV Ol XDIXOTONTES Xat CUYXPIVOUUE UE Lol eVpEidl GUAAOYY b HOVTEND, EXTIULBEVUEVA UE
1 Ywelc ouvdeTtnd dedopéva. Méow tng UEAETNG Hog, DI TOVOUPE OTL VG 1) eTaénan cuvieTixwdy Sedouévev
umopel var elvon WPENUT OF YEPUES TEQITTWOELS, CUVORLXS €yl apvnTxh eidpaon otny ey anddoor). Téhog,
OMUEWDVOUUE TOUS TEPLOPLOUONE TNG TPOCEYYIONEC KOG %O EMCNUAVOUUE EVOLAPECOVTES 0BOUE YLol UEAAOVTIXT
epyaoia.

AgZeig-xhedid — TIMwoowd Movtéha, Enadénon Acdopévwy, IMNwoow Ipoexnatdeuor, Muxed I'Awo-
owd Movtéha, I'vwotxry Movtehonoinon, Iopaywyd Movtéra, Iapoywyr Iotopiddv






Abstract

Modern Language Models (LMs) have shown remarkable feats of linguistic proficiency and language under-
standing, often surpassing the abilities of humans in certain tasks. To achieve state-of-the-art performance,
LMs require ever-increasing computational resources and training data, up to thousands of GPUs and tril-
lions of tokens. In stark contrast, children can acquire a language natively by being exposed to no more than
a hundred million words by 13 years of age, showing incredible sample efficiency. Motivated by this discrep-
ancy, we investigate LM pre-training with a limited word budget, similar in size to the input human children
receive during their development. For our experiments we adopt two configurations, a reduced setting with
a maximum of 10 million words, and a larger setting with a maximum of 100 million words.

Our method is rooted in Data Augmentation. We first use TinyStories — a dataset of sort and simple stories,
typically understood by 3-4 year old children — to train generative decoder transformer models. We vary the
amount of data in the training set of the decoders, and evaluate extensively their language proficiency as well
as the quality and diversity of their generations. Our evaluation demonstrates that these models can generate
novel and grammatically correct stories even with a few million words of pre-training data. Next, we use the
generative models to create a synthetic story dataset, which we combine with a diverse corpus of texts to
train encoder transformer models. To assess the effect of our data augmentation methodology we measure the
general language understanding, grammatical knowledge and world knowledge of the encoder models, and
compare with a variety of baselines, with and without the use of synthetic data. We find that while synthetic
data augmentation can offer some modest gains, overall it has a negative effect in final linguistic performance.
Finally, we underscore the limitations of our proposed approach, and highlight interesting avenues for future
work.

Keywords — Language Models, Data Augmentation, Language Pre-training, Small Language Models,
Cognitive Modelling, BabyLM Challenge, Generative Models, Story Generation






Euyaplotieg

Qo Heha va cuyoplotiow tov emPBAénovia xodnynty pov, Iedpylto Ltduou, vy 6An tnv xododnynon tou
otnv nopela authg g Btmhwpatixic. Euyaplotd emmiéov tn Maplo Aupnepaiou, tov Iidpyo Phavdplavo, xou
tov Booihn Avunepdto yio v e€anpetiny) ouvepyaoio, xadde xou 6An tn Bordela, texvinr xan Puyoloyiny,
Tou pou mapelyav ot Bidpxeta auThS TNg Tpoonddelag. Oa Riea enione va euyaploTACL TOLC XAV YNTES LoU,
ANé€avdpo TTotapdvo, Anuriten Pwtdr, xou Nixo Hoanaombpou, Yo Ti¢ YVOOELS TTOU oL UETADWOUY OTo YEOVLAL
TWV 6ToLdGY Wou. Euyaplotd tov Eudiun Fewpylou, xou tov I'idpyo Iopaoxeudnovro, mou ye Pordnoay vo
XAve Ta TpwTa Bidota otov xdpeo tou machine learning, xadde xan toug Nixo Aolxa, xan Anurten Xwtnelov,
mou Ytav poall you otic dloxokeg otiypés. Euyopiotd enlong tov ¢iho pou Xtukave Kacoupldn xadoe xou
toug Opéotn etdpyio Xapdolfehn, Boaoihuwr Bacikelou, Anuriten Koktooyidvvy, Ilétpo Tldda, Auxoleyo
Muaotépou, Indvvn Avayveotidn xar tohhodc dhhoug cupggoltnTtéc ol omolol Tay cuVOBOLTHEOL GTO POLTNTIX
HOU YpOVLaL Xou YE Bontioay Vo avTIETOTOM TIC TEOXAACELS TV aXaBNUAXOY OToLdOY. Euyaplotd axdua Tov
xadnynth wou Adish Singla, yio doa pe 8idoe yio v €peuva, xou tov Euduo Kdxoupo, mou ue Bordnoe va
Eemepdiow xdie mpoBinua. Evyapiotd tn alvipogo pou Ldpa, tou ndvia motedel ot euéva xon oTéxeTon dlmha
pou — yweic v omola 1 Lwh pou Va Aoy TohD SlapopeTinr). Oa Hllela va euydploTHOW TENOS TOUC Yovelc
pou, tov natépa pou Koota — mou pou éuade vor oryamdiey tor Lordnuortind ok TNV ETOTAUN — Xol TN UNTEEA Lou
Bdow — mou pou evénveuoe TNV aydmy yio TIC YAMOGES XaL TNV TEYVI — Yiol TNV ANeplOploTn aydmn xou oThHeLEn
Toug oe Hha ol yeoviar e Lemfe pou. Kielvew authv v mopdypago napadétovtoag évo andonacpo and Ty
autofloypopio tou Bertrand Russell [115]:

“.. With equal passion I have sought knowledge. I have wished to understand the hearts
of men. I have wished to know why the stars shine. And I have tried to apprehend the
Pythagorean power by which number holds sway above the fluzx. ...”

Nuftac Oeodwpdmovioc, NoéuPplog 2024
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Extetoapevn Iepiindn oto EAAN VX

0.1 Ewoaywyn

To obyypova I'hwoowd Movtéha (Language Models), éyouv xatagéper alloonueiwto emtedypoto YAWooxhe
XOTAVONONC XAl GUAAOYLOUOU, EEMEQVMVTAS TOAAES PORES TIC IXAVOTNTES TOL ovPOTOU YLol OPLOUEVES EPYOGIES.
H emtuylo auth ogetheton oe peydho Podud otn ouveyh adinon tne xiipoxas 800 xplowwwy petoBAntdv: tou
oprdUol TUPOUETEWY TWY LOVTEAWY, X0t Tou aptduol Twv dedopévev exnaidevone. Ipdogates peréteg [50, 65].
€youv del€el 6Tl 660 aLEdvovTon oL TWES UTWY TKY YeTaBANTidy, cuveyilel vo Bedtidveton 1 enidoom xa oL YAWo-
OWEC LAVOTNTEC QUTWY TV LovTéAwy. [iat Tov Adyo autd, 1o olyypova Meydha I'hwooixd Movtéha gtdvouy oe
HEYEDOC BLOEXAUTOUMYPLO TIUPOPETEOUS, YENOLOTIOLOVTAG TRLoEXATOUMOPLO AexTind pépn (tokens). Toutdypova
Ol UTIOAOYLOTIXO! TTOPOL OV OTAUTOUVTAL YO TNV EXTAUBEUCT) AUTOV TwV LOVTEAOY auidvovton onupovtixd. o
Topddelypa, to povtého Llama 3 [30], nou xuxhogdenoe mpbogota, Swrdétel 405 dioexotopudptor TOEAUETEOVS
xou €yel mpoexmoudeutel oe 15.6 Tpioexatopudplo tokens, xdvovtag yehorn 6 yhddwy H100 xdpteg ypopixwy
(GPU). Autéc ol ouvifixeg dnuiovpyolty TAdog TeoBAnudtwy, oohoynAc %ol oovouxis GUCEWS, aANE xou
Ehheudn dnpoxpoatiog oty TpdcPBacn oty gpeliva, Aol OToV TOPEd TNE YAWSOWAC Hoviehomolnong auty etvon
eQUXTH) UWOVO Yo UEYTAOUG opyaviopols g Blopnyoaviag tng TeyynTthig Vvonuoosivng.

200 1.4
Billion Trillion
3 30
I\;ﬁ%?] Billion  Billion ‘
. . o
13y.0. BERT RoBERTa  GPT-3 Chinchilla
Human (2018) (2019) (2020) (2022)

Figure 0.1.1: Méyedoc twv cuvowy dedouévmv Tou yenotwomotoly ta olyypova Yhwoowd poviéha oe Méele,
og oUYxpLom PE TV optdud Twv MCewv otov onolo et extedel évo toudi 13 etdyv. Ewdvar [145, 141].

[apatnemvTag Tov TpoTo Tou ol dvipwnol pordaivouy vo hdve xaL cLYXEVOVTAC TOV UE TIC OUYYPOVES TEXVIXES
exntafdeUoNC YAWSOIXWY LOVTEAWY, Bploxouue onuavtinég dapopés. To moudid xotd tnv avdmtuén Toug extidev-
tou o€ 2-7 exatoppipto (M) MéEewc v nuépa [42], To onolo cuvolixd wooduvapel oe Aydtepo and 100M AéZewg
oe nAuda 13 etodv. Auth 1 avtideon yivetoaw avulnnt oty Ewdva 0.1.1. Ilpoxdntouv Aowndv aupiBohie,
Yot TO XoTd TOCO To YAWOGXA HOVTEAA, axOohoUDoY YVWOTIX00S UNYOVIOHOUE TUPATANOLOUE PUE AUTOUS TOU
avlp®TLVOU EYXEPENOL.

INo vo avtigetonicovye xdmolo and ta Topoamdve TeoBAfuate TN by Yeovne YAwoouxic poviehonolnong, otny
TapoVoa epyacio eEeTAlOUUE TNV EXTABELCT] YAWOOXMY HOVTEAWY (E TEELOPLOWEVO ol Aégewyv. H
€PEUVOL OIS EVTACOETOL 0T TAXLOLY TEOCTAIELDY YIoL TNV EXTIUBEUCT) ATOSOTIKWDY LOVTEAWY UE Alyo Bedouéva, o
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ouvirixeg ToU TEOGOUOWELOVY TO YAWOGXO TEpBdARoY Tou avipnnou dtav podaivel vor WAdEL. LuyXexpluéva
ouppetéyoupe ot 21 defaywyh Tou drywviouol BabyLM [21, 145, 146]'. Etéyoc Tou durywviouol elvaw:
@ vo avePBodpiotel 1 onuacie TV YAOOOXOY LOVTEAWY O YVOOTIXY LOVTEANL TOU UNYAVIOUOD amdXTNOTC
YAdooag Tou avdpdrou, (2) 1) elPECY) TILO UMOTEAECUATIXOY K TEOC To SEDOPEVY BBV EXTUUBEVOTC Hou
@ 0 exdNuoxEATIONOC TNC PELVAC OTOV Topéd. LTo TALOLE TOU BLUYWWIOPOU XoAOUUIOTE Vo EXTUDEICOUPE
yAwoowxd poviéha o 800 ocevdpla, Tou daoponolodvtal oe oyéon HE Tov PEYLoTo apldud AEEEwV TwV
dedopéveyv exnaidevone. To mpdto pe péyloto aprdud Aéewyv to 10M — cupfohriletar wg "Strict-Small ",
To Beltepo ye uéytoto apldud Aé€ewv ta 100M — cupBoliletar we "Strict ". Xtig endpeveg napaypdpoug
TEQLYPAPOUUE TT| GUVELGPOEE. UaC.

0.1.1 H mpooceyyion pog

H épeuvd pag avthel éunvevon and npdopates eZehilelc oto Muxpd I'howoowd Movtéha (SLMs) yio nopoywyt
xelévov, 6mwe npotddnxe oto TinyStories (Muxpéc Iotopiec) [31]. Te authv 0 onuoavtixd peAétr, oL ouy-
yeapelc €dei&av otL 1 exnaidevon oe éva cuVIETNd GUVOAO BEBOUEVWY ATADY Lo TOPLOY Uopel Vo emLtpédel oTa
SLM va nopdyouv xetuevo vdming toldtntag, mou dev eunepiéyetal 6To apyixd GUVOAD BEBOPEVKY EXTABEVGT.
Kévoupe v undleon o6t yia o oevdplo neploplopévmy dedouévev ou e€etdloupe, 1 enadEnot) Tou apytxol
EXTUBEUTIXOU GUVOAOL Ue cuVIeTixd Bedouéva LA ToloTnTag Yo TPoo@épel oTa HOVTERA TN SuVATOTNTY
vo douv Aé€elg e véa oupppaldueva, oe dlapopeTixd YAwoowd mhalola. Autd ue tn oepd tou Vo emtpédel
XAAOTERT YAWOGIXY XaTavoNa, o GlYXEIoN YE TNV EXTOUBEVST) WoVE 6TO apyd, un etawinuévo alvolo.

To va e€etdooupe Ty unddeon pog, opyixd enexteivoupe Tt dovkewd oto TinyStories [31], peletdviac T
ONULOLEYLX VO TNTA TV YOVTEAWY e Alya BeBouéva exmaldeuone. Xe teyvixolc 6poug, TPOTEIVOUUE TNV EX-
TaBeuon EVOC YAWOOIXOU HOVTENOU UE apyLTEXTOVIXY anoxwdixononth yetaoynuatiot (decoder transformer)
GPT-Neo [12] oto obvolo wtopudv TinyStories. Ilepopotiléuacte pe v exnaidevon poviédwv GPT-Neo,
eved petafBdrioupe tov apilud twy dwbéouwy Oedopévwy xou aElOAOYOUUE TIC XOVOTNTEG TOUSC GTNY TUQUY-
oy xewévou, dtnewvtag otadepy| TV apyltextovixy tou govtélou. H épeuvd poc elvar cugminpwpotixy
e apyhic dovhetde [31], 1 onola petpd Tic emntdoes e wetaolic tou Bddoug xon tou peyédoug tne ap-
YLTEXTOVIXAC OV enidoon Twv poviéhwy. To euphuatd pog Belyvouv 6Tl axdun ol o XUIECTMOTO YUUNAGY
dedopévemyv (< 100 exatoppdpia AéEels), ta poviéha GPT-Neo unopolv vo amoxTthoouY eVIUTWOLAxY xatovonon
NG YRUUMOTLXAS %o VoL BnuLoupyioouy oTopleg vnAig moidtntag xou moikilopopgiag, cuyxplowes ue Lovtéia
ToL €youv exnandeutel oto TApec cUVOAO dedouévmy (Tepinou 440 exatouplpto AEEeLS).

YN ouvEyELd, XEVOLUE XENoN CUVIETIXMY BESOUEVMV UIXEWY LOTOPLMY XAUTA TNV TEOEXTAUBEVOT), X0l BIEPEUVOUUE
NV eniBEaoT) TOUC OTIC YAWOOXES IXAVOTNTES TWV UoVTEAWY. Emhéyouue éva uxpd utochvoro tou TinyStories,
exnoudedovye oe autd éva poviého GPT-Neo, xou 10 Ypnoidonololue yior vor SNULloVpYHOOUUE €VaANaKTIKES
OUUTATIPMOEIS OTIG LOTORIEC TOU EXTIOULBEVTIXOU GUVOAOUL. XTY) GUVEYELA BNULOVEYOVUE VO GUVBUIOUS GUVOALY
dedopévewy mou aroteheltar amd: (D To umocivolo tou TinyStories mou yenowonoleltor Yio TNV exnaldeuon
tou GPT-Neo (2) ta dedopéva mou druoupyolvia, @) éva utoohvoro tou cuvéhou BabyLM (Evétnta 0.3.1).
Me tov cuvduaoud cuVOAWY EXTUBEVOUPE €V HOVTEND XwdixoTonTh petaoynuatiot (encoder transformer)
pe v apyitextovixf tou LTG-BERT [120] - n onola elvon Bertiotonomuévn yior wixpd oGvolo dedouévewv.
Tuyxplvoupe v andédoon tewv Lovtéhewy poc pe o towihio Paoxidy uedddwy (baselines), exmoudeupévov e
xou Ywele T Yeron cuvietindyv dedouévwy. To anoteléoyatd pog delyvouv 6TL uio amhr e@oppoy” dedouévny
cuvleTic LoToplag Yio TPOEXTABEVTT] YAWCODY UOVTEAWY, EYEL WC ATOTEAECUATA UiXpd 1) apVNTIXd xEpDT.
Qo1600, dedopévne TS LPNAC avdTNTog Twv povtéhwy GPT-Neo oty mopaywyy xewwévou, moteboupe ot
anottelTon TEpLocdTERT EpEUV Yia TNV TAen adlonolnon Twv SUVATOTHTWY TouC.

H dovketdc poc dnpooteddnxe [132] ota mhaiota Tou 20U Siorywviopol BabyLM [21], oto cuvédpio CoNLL 2024.
I v evitappivouue T €peuva oTov Topéa Tne enadinong dedouévwy oe cuVIxES TEPLOPLOUEVKY BEBOPEVWLY,
dNUocleboLPE TNV LAOTOINGT Xot To LOVTEAX TTou exTandelooue 2.

Thttps://babylm.github.io/
2https://github.com/nikitas-theo/BERTtimeStories
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0.2. Xyeuxr) Biphoypapio

Yt endpevee mopaypdpous, tepLypdpoupe cuvortixd xdrowa oyetix Bihoypapio (Evétnta 0.2), npoywpolue
oe hentouepy| Teptypapy| Tne pedodou pac (Evétnta 0.3) xon twv nelpopdtoy nou exteréotnxoy (Evotnta 0.4),
ot ovoADoUPE Tor amotehéopata T épeuvacs wac (Evétnta 0.5) Télog, oulntdye To CUMTEPAOUATO TNG MENETNC
o, xooe xou pehhovuxéc xoteudivoels (Evétnta 0.6).

0.2 Xyetxr BiAoypapia

Aidpopee npoonddelc yior Ty anodotixy exnaidevon povtéhwy €youv avarntuydel [56, 106, 36] — pedvovtag
ONUAVTIXE TOUC UTOAOYIGTIXOUC TOPOUE, Yol TOV YPOVO TOU OmalTOOVINL Yl TNV EXTAUBEVCT) YAWOOIX®Y UOV-
Aoy, étwe To BERT [27]. Tlop’ Ao autd, O yodpoc e YAWOOWAC HOVIEAOTOMONG UE TEPLOPLOUS GTOV
aprdud Twv dedopévev exmaidevong Exel pelvel oyetnd aveepevvntog. Ilpdogata unhple npdodog oe aUTAY TNV
xatetuven, e TNy eloay YT Hoviéhwy BeAtioTonomuévey yia wixed alvola dedouévey onwe to LTG-BERT,
[120], xou eEXINADOELC TPOCAVATONOUEVES GTNY XOLVOTNTA, TOU ETUXEVTPOVOVTOL OTHY EXTUBEVST| UE TEPLOPLOUEVL
dedopéva 6nwe to Epyactipo vy tnv Exuddnon and Alyo Aedopéva [14] xar o Awryoviopde MiniPile [64].
Y1 ouvéyela, Topouctdloupe cuvonTnd tpdopaty BBMoYEUpla OYETNH HE TN TEOCEYYIOT HOG.

loc Awxywviopwdég BabyLM O teyvinéc adinone dedouévmy amodelydnxoy o@éAUes oTov dlay o
BabyLM yia 1o mponyoluevo étoc [146]. Tuyxexpwéva, to ChapGPT [61] yenowwonoel Regex potifa yio
eEayY T xowdy ppdoeny and epyooiec tou GLUE[138, 140] xou otn cuvéyewr altonoinoe autd ta wotiBa yio va
dnpLovpYHoEL emaxOhoVVEC EpWTACELS OV YpNolueucay w¢ Tpdcdeta dedouéva exnaldeuons. XNy TEocEYYLoN
tou Contextualizer [153], dnuiovpyolvton emniéov delypota pe duvoind cuVBLAOUS TUNUATOY XEWEVWY otd
dlapopeTixég TNYES xotd TN didpxeta Tng exmaidevone. Mo dhin mpocéyyion mou ovoudleton Baby’s CoThought
[161] ypnowomnotel éva Large Language Model (LLM) yio vor Slauop@pdoel doyeTe Tpotdoels and 1o omuo oe
CLUVEXTIXEC TOPAYPAPOUS, TO oTtolo 0dYynoe ot adEnomn Tng enidoong. LNUeidVOUUe Ouwe 6Tt efvan eVEVTIL GTOUS
TEPLOPLOUOVE DEDOUEVWY TOU BLoty WVIGHOU.

I'\woowd Movtéla yia EnadEnon Acdopevey Tao tereutala ypdvia, ta LLMs éyouv yenoionoin-
el 6ho xou TeploabTERO Yior TNV adEnom Sedouévev ot didpopoug Topeic [28]. Tuyxexpwéva, to [26] ewofiyaye to
ChatGPT wq epyaieio yia 0 dnurovpyio peahlo TV BELYHETWY XEWEVOU 0o GUVBUNOUS TTROYUUTIXDY XOL TEY V-
NtV dedouévev, BerTidvovtog To cUVola Bedouévey extaldeuonc. Ouolng, oL dpyLTEXTOVIXES UETACY UATIO TWV
OV TV EBWY, dnwe: anoxwdixoromtéc (GPT-2,[110]), xwdixonomtéc (BERT, [27]) xou petacynuatiotée
and axoloutio o axoloudioa (BART, [73]) éyouv diepeuvniel yio enadénon dedopévwyv [70]. Xto épyo tou
[156], To GPT-3 [15] yenotwwonotiinxe yiot Tn N SeryUdTtev TeoryLaTINmy xat CUVIETIXMY XEWEVGDY VLol LoYUEN
avgnon dedouévwy. Emmiéov, yovtéha anoxmdixonontey éxouy yenotponowel emtuyde yio Tn dnpovpyia
dedopévmv exmaidevong yio xwdixonomtée, anodidovtac Pedtidoels ot pddnon ue undevixd delyporta [86].

Muxpd I'hwoowd Movtéha H npbdogatn pehétn oto TinyStories [31] €deile 6t ta Mixpd T'hwoowxd
Movtéha (SLMs) propolv vo Eenepdoouy to peyahltepa povtéda allonotdvtoas udpniic totdtntoae cuvietixd
dedopéva exalBEUoNS, AATAPEROVTAG VoL TUPGEOUY XEUEVO UE EUYEPELR, CUVOYT Xl BNUIOLEYIXOTNTA Toed TO
YEYOVOC OTL €Y 0UV MYOTeEpeg Tapopéteous. Auth 1 tdom urnootneiletal Tepartépn omd TNV epYacia OE SladoyIxég
CUGTACELS, GTIOU PXES HOVTERA YENOULOTIOLOUVTOL AMOTEAECUATIXG YL oLUYXEXPLUEVES epyaoies [154]. Emniéov,
t0 [10] yenowonotel éva npoexnandevpévo LLM yio Ty xe8xomoinot npotpondy, YeNoHOTOLOVTIG QUTES TIS
AVATOPACTACELS Yl VoL xordodnynoet éva puxpdtepo LM yio mio anoteheopatiny mapaywyr) anoxploewy.

0.3 Mé<£9odor

H pédodoc pag meprypdpeton ouvontixd oty Ewxdva 0.1.1. Xenowonololye €va Utocivolo Tou cUVOAOU Oe-
dopévwv TinyStories (Dyiny) [31] yiot vor exmoudedoouye évay yetaoynuatio T anoxwdxonomty (decoder trans-
former) pe oxond v enalinon dedouévwyv. Xenowonowolue we eloodo (prompt) tou decoder Tic olvtopeg
wotoplec amd 10 Dyiny, Yiot Vo dnovpyicoude éva aivolo and mopaydueve dedopéva (Dgen): xde Lotopio
(npdowvo) mepuxdnteTon xou 1) apy ) Tne (xitpvo) yenotponoteitan e eicodoc oto poviého, 1o onolo xa TopdYEL
o evahhotixy) ohoxAfpwon tne totoplag (Umhe). Tuuminpdvoupe ta 800 autd cOvola deBoUEVLY Ye éva UT-
06Uvoho tou BabyLM (Dpaby) %ot eXToudeloLpE EVay UETAOYNUOTIOTH Xxwdixomomnty (encoder transformer) oe
Ohat Tor dedoyuéva. Lt cLVEYELN TIEPLYPAPOLUE avohUTIXG TN U€V0B0 pag Eexvaviag and ta GOVORA BESOUEVLV.

21



Extetopévn Ieplindn ota EXAnvixd

=
(One day, a little boy named Tim went to\ *CHIL:  Eve hand pocket.
the park. He saw a big tiger. The tiger *MOT: oh your hand's in your pocket.
—_—) Decoder *CHL  Eve puzzle.
was not mean, but very easy to play *MOT: that's your puzzle.
with. Tim and the tiger played all day. *CHL  Mommy find Eve puzzle.
They had lots of fun. Then, something *MOT: want me to find the rest of it.
unexpected happened. The tiger *CHL:  yeah.
started to shake. Tim was scared. He *MOT: alright.
did not know what was going on. But *MOT: is it in the toy box?
N \then, the tiger turned into a nice ...

J

Dtiny One day, a little boy named Tim went to Dbaby
the park. He saw a big tiger. The tiger

was very nice. Tim wanted to play with
the tiger. He said, "Hi, tiger! Let's play!"
The tiger did not say anything. Tim was
sad. He wanted to find a way to make
the tiger happy. Tim had an idea. He
found a ball and threw it. The tiger saw
the ball and started to play ...

l Dgen

N ey Y

Encoder

Figure 0.3.1: Iynpotin anemdvior) tne npotetvépevne pedodou. Ewdva tponorounpévn ano [132].

0.3.1 3>0Ovola AcdouEvwmy

H pédodoc poc Paocileto ot d0o olvoha dedopévwv: (D to oivoho TinyStories — to onolo cuufBorilovue we
Dhiny, Mo SUNOYT and wxpéc totoplec oe anif yhwooa, ) to clvolo BabyLM - to omolo oupfBoiiloupe
< Dhaby, moU dnuovpyRinxe we éva avamtuiloxd mdavod GUVOAO TEOEXTABEUONS YAWOOXOY HOVTEAGY. T
éva 60voho deBOUEVWY Dyata cUUPBoAlovye enlong éva unoclvoho tou, Ye m exotoupleta AEelc < Dyata-m-
IMopoxdtew dlvoupe yia GUVTOUT TEQLYRUPY| TV CUVOAKY BEGOUEVWY TIOU YETICULOTIOLCOE.

BabyLM To cGvolo 8edouévwv BabyLM (Dpany), dnpooiedinxe ot mAaiolo TOU OUeVOUOU Sy odvIeHol
and Touc dopyavetéc [145, 21], xou eunepléyel éva eupl ohvolo amnd xelpeva. Arnurovpyfdnxe ye oxond va tpo-
GoUOoLdoEL T YAWoOowd epediopota mou déyeton £var moudl xatd TV avdntuén tou, xadne pordalvel var widet. o
TV TOV AOY0 TEPAAUBEVEL HEYEAO TOGOGTO TROPOPUAS YAWOOUS Kol EUTEPLEYEL, HETOEY GAAWY, ATOCTAOUATY
and mouduxd BuBAla, Stohdyous, ophia tou aneudivetor oe Toudid, xan dpdpa tne Wikipedia. Anpooteddnxoy Sbo
exd60elc Tou cuvohou: o ue péyloto oprdud Aé€ewv tor 10M, xou plo pe péyloto aprdud to 100M. Autéc
avTloTotyoly oTa 800 GeEVApLAL TOU dlaywViopol, To Strict-Small xo To Strict , avtioTouyo.

Tinystories (Muxpéc Iotopieg) To TinyStories (Diiny) Onuoctéudnxe oto [31], xou anotelel évar ouv-
Yetxd olvoro dedopévwy. Ilepthaufdvel plor GUANOYY UXEOV Lo TOPLOVY Tou €youv dnuoupyndel ye tnv npo-
TPOT TV PEYEIAWY YAWoowdDY poviédwv GPT3.5 xaw GPT-4 [95]. To clvolo dedopévmv dnuovpyidnxe yia
vo Blatnerioer 6l to Bacixd otolyeio TN Quoic YAWooUS, OTwe TN Yeauuotxr, to Aelldylo, v Umopén
YEYOVOTWY, X0l TOV GUANOYIOUO, eV €xElL Teploplopévr mouthopoppio xau péyedoc. Ilio ouyxexpyéva, ol to-
Topleg elvon 2-3 mopary pdipwy %ot axoloudoly amhég Thoxég xou xevtpixd Vépata. Emniéov, to alvolo dedoyévev
€xeL Teploplolévo Ae&AGYLo xan Yevixd mpooplleton v elvan oto eninedo xatavémong twv naudoy 3-4 etwv. H
apyxt) €xdoom tou cuvehou dedouévwy (V1) nou dnuovpyfidnxe and ta GPT3.5 xou GPT-4 nepiéyer nepinou
373 exatopudpla héec. Kuxhogpdbenoe wa dedtepn éxdoon (V2), ye ubévo wotopiec mou dnuroupyfdnxay and to
GPT-4 xou nepiéyet 440 exatoppipla Aéelg. XpnoulomoloVUue authy Ty X800t 68 OAA To TELRAUATE HaG.
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0.3.2 Anpovpyic Acdopévwy

Ieprypdpouye tn dnwovpyia Tou GLYVYETIXOU GUVOAOU LETOPUSY Dgen. Lot VoL SnuLovpyicoupe Ta Bedopéva TEMTA
exntoudeouye évar Lovtélo anoxndxonomnt yetaoynuatiot (GPT-Neo) o éva utocivoho tov TinyStories, 1o
onoio cupPorilouye WS Diiny-m. XENOWOTOLOUHUE TNV dpy 1| TWV LOTOELMY otd TO Diiny-m Yot Vo SNUOVEYHOOUUE
TpOTPOTES (prompts) xou Vo ToEdEOVUE EVOANIXTIXES CUUTANPMOELS YENOWOTOLOVTOS TO HOVIEAD UaC.

Eexwvdye emAéyovtag To péyedog m tou unocuvohou, AauPdvovtoag unddr 6V0 TaEdYOVIES: TNV OVAYXN Yo
apXeTh TOLXLAOOE@ial 0TO TEAXS GUVORO XaL TNV ovdyxT) SLacPIMang VPNANE TOLOTNTAS OTO TAUPAYUEVO
xelpevo. Aedopévne g undleone 6TL 1 TOLTNTA TOVY ToPAYUEVLV XEWEVELY auEdveTar avohoyxd pe to péyedog
TV dedopévwy exnaldevong, Vélouue va emhé€oude éva apxetd peydho uéyedoc m yiot 10 Dijny-m, OOTE VA
Bl QUAMCOUPE TNV OMATOVUEYY TOLOTNTAL and Tal MapOY YA WovTéla pag (amoxwdixonointés). Tautdypova,
Yéhovpe va aproovye apxeTtod aptdud hé€ewv dlodéoiuo, yio va cuumepltAdBouue éva opxeTd YeYdAo pépog Tou
ocuvéhou Bedouévewy BabyLM oty tehixn exnoldevor. Autd Vo Swwo@aiiosl 6Tl Tol HOVTIENN XWOXOTONTES
extidevtan oe éva Tholoto Ae€ihoylo xou pa tobaAio YAwoowwy mhaciwy. Ataovntixd, Yélovue Ta dedouéva
TREOEXTALOEVSTC VoL €Y 0LV UEYIAT Towdthal, xardadg Tor toudld pardaivouy amd ToARES BLapopETIXEC YAWOOIXES TINYES.

Io v looppomoouUe QUTES TiG avTiXpoLOUeveS analthotls, Yo Bpolue tny eAdytotn nocdtnta dedouévev TinyS-
tories mou Vo emitpédel oo povTéra pog Vo TapdEouy ToloTixéC loTopleg. Actypoatoinntotye and to TinySto-
ries JnulovpY®OVTAUS ULt SLANNOYYH UTOCUVORWY pe DlapopeTind PeYEDT, Diny-m @ m € {5, 10,25, 50, 75,100} M
(exoroppipta Aéewc). Ta xdde vroohvoho, exmoudevoupe éva poviého GPT-Neo xou aflohoyolue Tic mopory-
OYWES Xl YAWOOXES TOU xavdtnTeg.  LTnv ofloAOYNoT| UoC, CUUTERLAUUPBEVOUUE HETEIXESC YEOUUUATIXAC
xatavdnong, mowhouoplog xou ToldTNTAC TV Topaywy®y. Ot peteixéc yag mapovatdlovial oty Evotnta
0.3.4. ' x&de éva and o oevdpta Strict xou Strict-Small , emAéyouye €va UTOGUVORO Diiny-m %o EVOL oLv-
tiotouyo poviého GPT-Neo mou €yel exnandeutel o auto, pe Bdom TNy a€LOAGYNON Kol T TOROTEVG XELTHOLYL, XO
Ta YeNoLponololuE Yia Ty enduinon dedopévwy. T vo dnuiovpyicouye T0 Dgen, Yio xdde otoplat § € Diiny-m,
TepixénTouPe TV totopla oo 15%-30% Tou peyEéDou Tng XL TN YENOLLOTOLOUUE YIoL VO TROTREPOUPE TO LOVTELD
vou topdEet Wi evahhax T cudmAnpwor. Emié€aue vo ypnoulonoioouue wixed tocoatd tne apyixic Lo toplog
yior Voo amo@OyoupE TNy enavaindr, dedouévou 6T ol 16Topieg 6T0 Dijny-m Vo Bploxovton Ndn otov cuvduaouo
CUVOAWY YloL TNV TEAXT| EXTIUBEUGT] TOU XWOLXOTOLNTY.

Tt v mopay oy Sedopévev mepopatiléuacte ye dvo pedddous: dminotn amoxwdixononon (greedy decod-
ing) xou derypororndla muphve (nucleus sampling) [51]. Katd ) devyportorndle, yioa xdde Eexivnpo otoplac
napdyouue k ocupnAnewaoelc Ye to wovtéa pog. I va neptopicoupe tny emavdindn yetoll twv k£ Slapopetinidy
TOPAYWYOV, Aol VoL Ano@lYOouUE T onatdhn unohoylo iy opwyv (FLOPS), urnoloyilouvue ) petpinf Self-
BLEU (Evétnta 0.3.4) yio éva oOvoho Ty k xou emAEYOouPe autéc pe Ty xah0OTepn 1ooppotion HETal: TNne
Touhopopplag, o Tou GUVOAXOU dprtuol TEdoUETWY SedoPEVwY exTaldeuonc.

0.3.3 Anwovpyia TeAuxod 3uvoiou

Io xodéva évar amd T oevdplor Strict xou Strict-Small , Snuiovpyroope to GOVOAX Diiny-m %o Dgen 6T
Teplypdgnxe Tponyoupéves. Thpa Snuloupyolue Tov GUVBLAGHS GUVOALY BedopéveY — cupfoliletal Ue Deomb,
ToU yenotponoteltal yia TNV exnaidevan Tou peTaoyuatiot! xwdxononth. Katavéuouue tig drdéoipe Aéele
TIOL ATTOUEVOLY GTOV TTPOUTONOYLOUS pog, o€ éva utosivoho Tou BabyLM (Dhaby-b), TOU dnioupyolue we Tuyoia
derypatondio and to BabyLM oe eninedo xewwévwy. Agrvouue uedddoug deryuatoindloc touv Aopfdvouy urddiy
TO TEPLEYOUEVO TWV XEWEVKVY Yo eEAovTxr| epyooio. To to Strict / Strict-Small oevdpia, to péyedoc b
70U Dhaby-b emhéyetan étol wote: b+m < 100M/10M. Kataoxeudlouye tdpo T0 Deomp ouvdudlovtag dho ta
oOvoha 8edouévedy Doomb = (Dtiny-m; Phaby-bs Dgen). Xenowwonotolue évay 6160 Moviehlonoinane Mhdooag
pe Mdoxa (Masked Language Modeling) yia vor exnoudedcoupe €voy YETao)NUATLoTH x0dxonont 6T0 Deomb,
yenowhonowdvrac v apyttextovxfy LTG-BERT [120].

0.3.4 Metpixéc AZLoNOYTOTNG

T Ty aZloAGYNOY TV PETACYNUATIOTOV xwdxonomtay (encoder transformers) yernowonowolue tn couvita
a&lohdynone Tou dlaywviouol, Tou aroteleiton and Tpla chvola delxtdv avoagpopde (benchmarks): to BLIMP,
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t0 (Super)GLUE xou to EWoK, xodéva and ta onola atohoyel, oe yevinée ypoppée, 0 YAOOOXY ENdpxeLd,
TN YEVIXTH XATAVONON TNS YADOOUC, X0 TN YVAOOT Yo TOV X600, aviiotolya. Xnueidvoupe 6Tl to benchmarks
e mpdxnone elvan prktpoplopévee exddoeic [146], xahotdvtag o anotehéopatd poc un ouyxplowo pe ofL-
ohoyfoelc ota AT Bedouéva. T'lal TOUC AMOXWBIXOTONTES PETUCYNUATIOTES, Yenowonololue ta EWoK xou
BLiMP, xou enlong eiodyouye oplopéves emniéov dadxaaies atohdynone: to Self-BLEU vy tn pétpnon e
Touchopoppiac, xadde xou yo allordynor we ) Porfidewa evoc Meydhov T'hwooixod Moviéhou (LLM) yio
HETENON TNG TOLOTNTUC TRV oAy WwYOY. EEnyodue xdde pio and tic yedddoug aflohdynone napaxdte.

BLiMP To BLiMP (Benchmark of Linguistic Minimal Pairs) [143], eivet éva cOvoho and gpyacieg tou éyouv
oedlaoTel Yior TNV A€LOAGYNOT TNG YROUUATIXNAG X0l CUVTOXTIXAC YVOOTNE TWV YAWOOIXWY WOVTEA®Y. AToTeAelton
and Lelyn ehdyloTa SLPOPETIXGY TPOTACEWY TOU XUAVTTOUY DLAPOR YRUUUOTIXG QPOULVOUEVO Xol OPOPOVY T
oUvtaln, ™ poppoloyia xou tn onuactohoyio. To poviého mpénel vo avtiotolyfoet peyohitepn mdovotna
ot Yeouuatixd owoth npdtacy ot xdlde Leuydpl. A&oloyolue eniong oto cuumhipwua tou BLIMP (Supp.),
70U xLXAOPENCE GTNV TPoNYolPEVY éxBooT Tou dlorywviopol [145], xo mepthopPdver npdodeto yoouuatixd
(POUVOUEVAL.

(Super)GLUE To GLUE (General Language Understanding Evaluation) [138] dnwovey#inxe yia vor -
LOAOYHOEL TG XavOTNTES YeEVXAC xatavonon YAwooas (NLU) twv yAwoowdy yoviéhwy, ot éva eupl @dopo
EQPYUOLOV XATAVONONS QUOXHC YADGOAC. LUVTOUN YETE TNV ELOAYWYY| TOU, TA YAWOOIXY HOVTEAN XUTAPEQOY VOl
Eenepdoouy Ty avdpdmvy entidoon oto GLUE (yio pn eldixolc). Autd elye cav ouvénewr tn dnwovpyia tou
SuperGLUE [140], mou ntapouctdotnxe yLot Vo Tpoo@épeL éva o omottnTnd olvolo epyacidv. Xpnowlonoloiue
ouvolixd 10 epyaoie xou amd tar d0o benchmakrs, nou xohdnTouy: TV andvnon epwtioewy (BoolQ, MultiRC),
v todvépunon cuvauoInudtwy (SST-2), v nopdgeacn (MRPC, QQP), t yeapuatixf anodoyr (CoLA), toug
oulhoytopole "xowhc hoyuic" (WSC) xou tn oxéon oupnepdopatoc (MNLI, QNLI, RTE).

EWoK To EWoK (Elements of World Knowledge) [55], a&tohoyel tny ixavétnta evéc YAwooixol Loviéhou
VO XOTOVOEL Xl VO LOVTENOTIOLEL YV YOl TOV XOOUO. LUYXEXQWEV, HETPAEL TOGO XOAd Eval LovTéNO umopel Vo
ocuvdéoel éva xeluevo otoyo elte Ue va xatdAinio elte ue éva atalplacTto YAwooixd mhaiolo, dlvovtag éugoot
o€ Baoxég EVVoleg OTWC Ol XOVOVIXES BUVAUIXES Xo Ol Ywewég oxéoelg. Tdoo ta xelyeva mhaiolo 660 xau ot
oToY0L dnuovpyolvtan we Lebyn ehdylotng avtileorng, ye tpocopudouto otolyeia dnwe aviixelueva, Tedxtopeg
(agents) xou TonoYeoiec. To delypora eivan eNdyroto Levyn Leuydy, xou topduota ye to BLIMP, éva yhwooixé
povtého mpémel vo avtiotoryioel yeyalitepn mdavétnta oto (edyoc omwotol Thatoiou Xt XEWEVOL.

Self-BLEU T vo petprioouue TNy Touuhodop®lar TV THpayOUEVKY LOTOPLOY, YENOWOTOLACUUE T1) LETELXY
Self-BLEU [163]. AcBouévne wog culhoyhc nopoyuévey xewévey, urtohoyilovue t petpni BLEU e wo
Tapay WYY we UTEYEOT Xa TLC GAAES WS avapopes, agLoOAOYMVTAC TOCO Tapouola efvon pe Tig undroireg. Opilouue
1o Self-BLEU ¢ tov péoo 6po 6Awv twv Boduoroyiddv BLEU oto ooua 6wy twv mapaywnydv. H peteu
opiletan oe cuvey xhpaxa oto [0, 1], ye tic vPnhdTepeS TIéS Vo avTioTolyolv oe MySTEPT ToLhoUop@ia.

LLM Evaluation It va mopéyoupe pia ohoxAnewuévn o€loAdYnoTn TV TopoywYXdY XOVOTHTWY TeV
pETAoYNUATIo TRV amoxwdixoromtay (GPT-Neo) we npog v moidtnta, yenowonooope to Claude-3.5 Son-
net [2]. Axohouddviac tnv npocéyylon oto [31], divoupe Tic totopiec Tou dnwovpyolvtan oto Meydho Thwo-
o6 Movtého (LLM), xou tou {ntdpe vo tic altohoyfoel ye Bdorn tn Ipappaticr, tn Anpiovpyikétnta xou
Yuvémea g ohoxMjpwong oe oyéorn Ue Ty apyn TNg totoplag, o xhipoxa and to 1 éwe to 10. Aemtopépeieg
yioe TV aglohéynon divovtar oty Evotnra 0.4.1. Eva mopdderypo tng adnienidpaone pe to LLM diveton oto
Iopdptnua B.

0.4 Ilepapatixd Megog

AweZhyope To TELRSUTA Bag OE €Vol XOLVG UTIONOYLGTIXG cUoTNU (HoLpaopévo ot TAYoc YenoTdv) ue 8 xdptee
yeapxayv (GPU) Nvidia V100 pe 16 GB, emnhéov, yiot Ty alloAGYNON TWY UOVTEAWY UAC EYLVE YEeRoT| WLoC
GPU Nvidia RTX-3090 pe 24 GB. Xpnowonooope tic BiBhodixec PyTorch [99] xou HuggingFace [151] yio
VoL eEXTUEVCOLUE GAaL Tor LoVTENDL pag, xou Yl Tie adtohoyfoele pac yio to BLIMP, EWoK xou (Super)GLUE
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yenowonoiooue Ty entonun PiModrixn alioldynone mou dnuocietdnxe ota mhoiota Tou darywviopol [35, 21.
Téhog, Y Tov unohoyiouwd tov Self-BLEU yenowonowidnxe n BiBiodvxn NLTK [11].

0.4.1 TintStories (Mwxpég Iotopieg) — Avdivor xaw Exnaidcsuvon

It ToV YETOOYNUATIOTY) OIMOXMOLXOTIONTY TOU YENOWOTOOUUE Yia TNy enadEnor dedouévwy, emhéyoupe plo
ané tic apyrtextovxée GPT-Neo pe Tic xahOtepec emddoeic otny épeuva tou TinyStories [31] 3. ‘Ola 1o
povtéha GPT-Neo nou exnoudeloupe yenoylonolody Tig (Biec unepmapauétpous, extoéc and to weight decay, to
dropout xou to péyedoc tou he€hoyiov (vocabulary size), mou puduilovtar vy xdde ocuyxexpwévo péyedog
dedouévamy exnaldeuone. Xpnowwonololpe pio dtadixacio exraideuong mopduota ye oauthv oto [31], ue npdodeto
regularization yia to oevdplo youniodv dedouévewy nou e€etdloupe. Ol UTEPTUPAUETEOL XoL Ol AETTOUEQELES
OYETIXA e TNV dpyttexTovixy nepthaufdvovton oto Iapdptnua C. EmiéEaue vo exnoudebooupe to povTéha oTny
o npdoaty éxdoon twv dedouévwy TinyStories (V2), tou Snulovpydnxe tpotpénovtag uévo to GPT-4. To
Thipec ohvoho dedopévwy ywplic detypatorndio teptéyet nepimov 440M Néeic. Katd t didpxeta tne adtohdynonic
MO, oVOPEQOLUE ETLOTC AMOTEAEGUOTA YL TO aPY X HOVTERD TIOU XUXAOPOENOE amd TOUC CLUYYPAUYPELS, TO onolo
€yeL exnawdeutel oty TEHOTN ExBoon Tou cuvehou dedopévwy (V1) ye 373M nepinov Aéeic.

Y1ic axdhovdeg mopaypdpous, dieldyoupe pior evdeheyy) avdiuon e oyéong YeTall: NG YAWOOXAS IXavOTH-
toc Twv poviéAwv GPT-Neo nou exmadelovtar oe umocUvola tou TinyStories xou Tou yeyédoug twv
oLVOwY exntaldeuons |Diiny-m|- Iewpopatilbyacte pe Sidgpopo peyédy uvrnoouvéhwy TinyStories Diiny-m :
m € {5,10,25,50,75,100}M (exatopplpta M&eic). And Tor TELRAUATE Bog, AVTAOUPE TATNPOYORIEC TYETUG UE TIC
IXOVOTNTES TWV YAWSOXDY HOVTEAWY GE XOIECTOTA YoUNA®Y dedopévwy. Auty 1 a&lohdynon du oploel eniong
TNy emhoyt| Tou utocuvorou TinyStories Diiny TOU YENOLLOTOLETOL Yiot TN dNUoLEY{X TOU GUVOAOU BEBOPEVLV
Dgen %01 YL TNV EXTAUBEUCT, TOU TEAXOD UOVTEAOU YETUCY NUATIOTH XWOXOTONTH.

Iot var avTACOUUE XATOLES OPYMES TANEOYOR(ES YIdL TN YAWGOLXY] IXAVOTNTA TWV HOVIEAWY ATOXWIXOTOMNTN
GPT-Neo, petpdue v anddoorn oto BLIMP, to cuvuniipwud tou (Supp.) xo to EWoK. Ta anoteléo-
potar mapovaidlovtor otov Ilivaxa 0.4.1. Efvow onpovtind vo onpewdoovue oti or 50M Aéewg, qolveton va
elvon éva onpelo amoxonic, ye oloOMUEIMTES TTOOES oTNY ATOB00N Yot LOVTENS EXTIOUOEVUEVO UE ALYOTEREC
MZeic. Me Bdon avuto, yio v enadénon dedopéverv, emhéyoude Diiny-soM YW TO Strict cevdplo, o To
Diiny-sM Yl T0 Strict-Small cevdpio. Eivon onuovtind éti de oupnepihopfdvoupe v aflohdynon e xpron
LLM (nouv mapovotdletan mopaxdte) oty Mn autic e andpaong, xadde oautd Yo nopaBiole Toug teptopto-
poUc Bedouévev TNC BOVAELC pog. Agrivouue Tepautépw €peuva oyeTxd Ye To péyedog Twv Belyudtwy yio To
Strict-Small cevdplo yio peAAovTIXY epyooia.

Train Data ‘ BLiMP t ‘ Supp. T ‘ EWoK t

5M 55.5 53.8 51.1
10M 58.4 51.6 51.9
25M 59.9 55.1 52.4
50M 62.8 52.8 53.0
75M 64.0 54.8 53.4
100M 64.8 50.8 53.1
440M (V2) 64.6 55.0 53.9
373M (V1) | 64.8 60.9 54.0

Table 0.4.1: Anoteléopota allohéynone oto BLIMP, BLIMP Supplement (Supp.) xow EWoK, yio povtéha
GPT-Neo mou €youv exnawdeutel oto TinyStories pe Sopopetind Yeyedn cuvorwy exnoidevonc. Iopatnpodue
oL xaddc 0 dyxo¢ Twv dedouévev eldvetal, ol Boduohoyiec ota BLIMP xan EWoK yevuxd peihvovron
enione. Avtideta, 1 Badporoyia oto BLIMP Supp. delyvel yeyolitepr daxduavon.

3https://huggingface.co/roneneldan/TinyStories-33M
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O napondve Badpohoyies pag divouv otoryeio oyetnd e ) yeapuatxh xatavénor (BLIMP) xou t yvaon yio
Tov x6ouo (EWoK) mou éyouv ta povtéhwy pag, odhd mopakeitovy 8o onuavtixols dEoves aZlohbynone e
napayeywic anédoonc: (D) tnv mowthopopepia (diversity) tov tapaywydy xo @ v towdtnta (quality)
TV Topaywydv. Botdlouye oe autolc toug 800 dEoveg atig axdrovdeg topaypdpouc. Extodc and tic tocotinég
Barduoloyiee, ouunepthopfdvouue eniong delypato nopaywyoy ato ta poviéha GPT-Neo oto Iogdetnua A.

AZiorovynom tng IHowdtntag Ty MHapaywydy  H alloadynon tne napaywyxic ixaveTnTog EVOS Hov-
Téhov ot epyooiec (tasks) mou €xouv va xdvouy ye Topay ey Xeyévou avorytod tinou (open-ended) amotehel
TpdxnoT, xadde o teptodTepes pédodol alohdynong elvor priaypéves yia Sounuéva anotehéopara, ol cuvidwe
METEOVY TNV TOTOTNTAC OF €val GUVORO XEWEVKY avapopds. o va avtiuetwnicovye auto To mpdlinua, uiode-
Tolpe N pédodo alordynong Tou tpotddnxe tpdopata and Toug [31], xou yenororoolpe éva Meydho I'hwooxd
Movtého (LLM) yio va adlohoyiooupe Tig 1o toplec twv poviéhey pac. O apyixol cuyypagelc ypnowwonoinoay
10 GPT-4, epeic ypnowonoobyue avt’ autol Claude-3.5 Sonnet [2].

Xenotponotodue évat 6OVoo 44 YelpoxivnTo xoTaoxeuaouéveY TpoTeoney (prompts) 4 mou nepéyouy TV apyH

o totoplag xan mapdyouue 10 cupminpoels g otoplag Ye xde HovTého Yac. LT CLVEYELN TUPEYOVUE GTO
LLM v apy1 te totoplog xat TNy 0AoxAewaon Tou povtéhou xat Tou {ntdue vo afloAoYHOEL TNV AmoOXELoT| TOU
povtéhou oe tpelc dlovec: (a) Ipappaticr, (B) Anpovpyikétnza xou (v) Xvvénea pe v opyt e Lotoplog.
Emuniéov, tou {ntdue va Tallvourioel Ty toToplar 68 SLopopeTixés nhxlaxés oUddes, Tou xuyaivovtol and to 3
€wg o 16 €. O Bardpodoyieg divovton oe wa xhipaxa and to 1 éwe to 10. Troloy{lovpe tov uéco dpo yio dhec
TG LOTOPIEC X OAEC TiG oUUTANEKOGELS Yia xdde pwovtého otov Ilivaxa 0.4.2. Ioapotneolue 6tL 0 neploploudc
TV 8edopévwy exmaldevone, éng xou 26M Aé€elc, €xel wg anoTéAEoUA WXPEC UELDOELS oTNV anddoan. Autd
ONAGDVEL OTL 1) TOLOTNTAL TWV TUPAYOUEVRDY TWV LOVTEAWY Blatnpeitan xou 610 xadeoTdC AMywv Bedouévmv.

AZioroynomn tne ITowhopoppiag twv IMapaywynv To ) pétpnon e nowhopoppiog yenot-
porolovue t petpn Self-BLEU [163] — do0 udmhétepn eivon 1 petpnd, 1650 puxpdtepn eivan 1 Towahopop@io Tev
TAPAY WYYV Tou povtélou. Ta xdlde povtého, detypatoinmrotue 100 wotople and to cUvoro exmaideuong xal Tig
nepdTToLPE 610 15%-30% tou phAxoug toug, yia va yenotponodolv we tpotponéc (prompts). Xtn cuvéyeld,
ToL LOVTERA oG ONOXANROVOUY TNV LoTopld, xdvovtag yeforn dninotne amoxwdixonoinone (greedy decoding).
Avagpépoupe Poduoroyiec Self-BLEU, xhpaxwpéves oto [0, 100], yio 1o cbvoro twv 100 ohoxinpedoewy otov
ITivaxor 0.4.2. Ta amotehéopatd yag delyvouv 6Tl Tor povtéha e Teploplopéva dedopéva exnaidevong Hnopoly va
emtOy oLV LUPMAY Tohopopglo, SLTNEOVTAC TAUTOYEOVA THY TOLOTNTA TUEAY WY NG, 6K amodewvieTon and Tig
Badporoyiec twv povtéhwv GPT-Neo mou éyouv exnadeutel oe 25M xow 50M Aé€eic.

Train Data ‘ Gr. 1t Cr. 1 Cons. T ‘ SB |

5M 456  4.99 337 | 386
10M 531 534 398 | 383
25M 6.00 565 455 | 346
50M 6.01 553 454 | 33.0
75M 6.08 550 449 | 37.1
100M 6.17 557  4.78 | 3958
440M (V2) | 5.88 553 449 | 37.3
373M (V1) | 6.24 5.73 470 | 29.6

Table 0.4.2: Anoteréopota tng a€lohdynone twv poviéhwv GPT-Neo ye yerion Meydrou [wooxod
Movtéhou (LLM) xan tne petpixric Self-BLEU. Aivouue odnylec oto Claude-3.5 Sonnet vo a€iohoyrioel v
Topay Wy anédoon ot teewe xatnyopiec: oappatind (Gr), Anwouvpydétnta (Cr.), Zuvénewr (Cons.) ye v
opyh e totoplac. Tupmepthopfdvouye enione to Self-Blue (SB), mou petpdet tny noulopopgion Twv
TOEAY WY V.

4https://huggingface.co/datasets /roneneldan/TinyStories
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0.4.2 Anpovpyic Acdopevwy

Tpa neptypdpoupe T dnurovpyia Tou cuVERoL Be8oUéVeY Deomb = (Diiny-m; Phaby-b; Dgen). ‘Omewe oulnthidnxe
oty Evétnra 0.4.1, emdéyoupe ta umooOvVoha Diiny-som Y To Strict oevdpio xa Dijnysm Y TO
Strict-Small cevdplo. I cuvtopio, mapaxdte avahboupe T dladxaocia pévo yio To Strict-Small cevdplo,
axoloutdolue ouwe tor (Bl Bripator xon yioe To Strict oevdplo. Exmoudebouue éva yoviého GPT-Neo oto
Driny-5M XL TO YENOWOTOLOVUE YL VoL ONULOVEYNOOVUE TO GUVORO BEBOUEVOY Dyep. Xpnoulonoloue tny cpym
x&e wotoplac and to oOvoho exmadeuone Diiny-sm (15%-30% Tou peyédouc tne), v va mpotpédouye ToOv
amoxwdxomomnTh va dnuovpyhoel evolhoxtixéc ouuminewoelc. Ilepapatiloyacte e Slopopetixés TEVIXES
TopoywyNg, ouunepthopfovouévng tne Anino g SnuioueYioe — Deen-greedy XA TNG Oelypotorndlag mupriva —
Dgen-nucleus-k; OmOU Kk €lvan 0 apriudg tov mopayoy®y yio xdle otopla. Juuninedvouye To 800 auTd GUVOAQ,
pe dedouéva ano 1o BabyLM (Dpaby-5Mm ), Ywelc vo Eenepdooupe tov neploptopwd twv 10M, yio vor oynuaticouye

10M __
10 Dcomb = (Dtiny—SMa Dbaby—5M7 Dgen)~

INo va emhé€oupe xoTtdAANAeS TWES Yot TNV ToedueTeo k yia Tn detypatoindio muprva, Yenoulonololue
wetew Self-BLEU. Aevyyatoinntotye 100 wotopieg and 10 Dyiny-sM %t XpNOWOTOLOUUE TNV apyh Toug (15%-
30% Tou phxouc) yio mpotpédouye to poviého GPT-Neo, xou vo Snuiovpyfiooupe 50 cuumhnpioeis i xdde
mpotponh, e p = 0,95. T xdde wuhf k € {2,3,...,50} unoloyilouvue to Self-BLEU petall tne opddog
TWV TOPAYWYWV Si. Xtdyoc pag elvon vo dolue mdoo Blapopetinég elvar oL Bidpopes mapaywyeg Yl Ty (Bl
Tpoteony], xadwe auidvetar o aptiude Twv mapaywyodv (k). To péoo Self-BLEU vy 6ha tec totopiec xou
napaywyéc anewxovileton otny Ewdva 0.4.1. Emiéyouue va telpopatiotolue ye k =5 xou k = 10, o¢ yior xohn
tooppoTia petald T mowxthopop@lac xat Tou PeYEYoUC TwY A0V Bedopévwy, xodme TopaTNEOUUE OTL OE
aut6 to ebpog, to Self-BLEU nopouéver otadepd.
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Figure 0.4.1: Méon Baduoroyia Self-BLEU yia to povtého GPT-Neo exnoudeupévo 5 xon 50 exotopudpeta
MéZeic ano to TinyStories. ' xdde povtéro, yenowponoiotue 100 totoplec xou mopdyouue 50 ohoxAnenoelc.
Yyedidloupe o péoo Self-BLEU 6hwv twv 1ot0pLtv, xadde o aptiudc tomv napaywnydy ava totopla (k)
av&dveTal.

0.4.3 Exrnaidevomn tou Kwdixonowntry Metaocynuatioty

211 CUVEYELN, XENOUOTOOUUE TOV GLVBUAOUS CUVOAWY BEBOUEVWY Deomb YLOL VO EXTTUBEUCOUUE €VOL HOVTERO
petaoynpatio T xwdonowmnty (encoder transformer) LTG-BERT [120]. H Swdwooio exnaideusyc mou xenot-
porotolue Bootleton otov Tyaio xMdixa Tou dnuoociedinxe and Toug cuyypagelc’. XenouonolUUE TopGUoLeS
unepnapopéteous (Hoapdptnua C), Tpocaproopéves Yia TIG UTOBOUES Lag, Xot EXTEAOVUE eENdyLoth BedTioTonoinon
unepnopauétony. Ilgoxewévou vo aglohoyfooupe v enldpoaorn tng enadinone dedouévewv otnv TeEAXN omo-
doom, exnoudedouye pior towhio ond Paced poviéla (baselines), diopoponoldviag T0 GUVORO JEFOPEVHV TPOEX-
naidevone xou Statnpdvtac oTaldepéc dhec Tic dAheg cuVUXES exntaldeucnc. Xuyxexpiéva, yia xdde oevdplo,

Shttps://github.com/ltgoslo/Itg-bert
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Ol o povTERRL Yenoonololy Tie (Bleg unepmapopéteous xou Tov (Bto aptiud aro FLOPs, Swogoiilovtac o
olxoun olyxplom.

Baowxd Movtéla ' to oevdplo Strict-Small , xadepddvouye Booixd povtédo LT G-BERT vy o0yxe-
lom We ) wédodo pog, yenowonowdvtag 10M Aéeig and to chvora dedouévwy BabyLM — Dyany-10m xou Tinys-
tories — Diiny-10M. EMTAL0V, EXTUOEVOUUE EVAY XWOXOTONTY YENOWOTOLIVTAS Evay GUVOLACHO SM Aé€ewv
and xdde éva and ta 6V0 cUVOAA BeBOPEVWY — Dhaby-5M + Driny-sm. AUTd Tal wovtéda yenotwevouy wg onuela
avapopdc Baoetl Twv omoiwy aZlohoYOoUUE TNV andd00T LOVTEAWY TOU €Y0UV eXTUdEVTEL Ue DLdPopous GUVBUNGC-
poU¢ mapayOUEVWY BEBOUEVWY, UE GTOYO TNV AELOAGYNGN TNG AMOTEAECUATIXOTNTAC TG ENAUENCNG BeBouévwy.
H B yedodoroyia epopudéotnxe ye cuvémelo xou oto Strict oevdpio. Ed®, exnadedooye xwduxonointég
pe 100M Aé€eic and xdlde oOvolo BSedopévwy, dhha xou cuVBLACTIXG, Yenowonotwvtas 50M Aéeic and xdde
clvoho. TuunepthopPdvovye enione amoteréopoata Yo To Bacixd poviélo tou daywviopod BabyLM [21] —
ovyxexpiéva 1o LTG-BERT [120] xou to BabyLlama [134]. Eruewdvoupe dtt autd to povtéha exnoudedtnxay
e dlapopeTinéc cuVIxeg amd Ta duxd wac. Mia onuavTir TapdueTeog Tou Blapépel elvor 0 aptduog TOV ETOY WY
exnafdeuonc: v To Paoind poviéro tou Sywviouol LTG-BERT yenowonoumjdnxay 20 nepinou enoyég, eved
yior T Sd poc povtéda 27 nepimou emoyéc (20 yuhiddec Brpota).

Ioopponnuévn Exnaidevon Kodog avgdvouue tov aptiud tewv napaydUevwy XEWEVKDY GTO EXTUIEUTIXG
oOvoho LTG-BERT (Dcomb), tpononotolue enione tnv xotavour tov detypdtwv TinyStories xou BabyLM
TOU oUVAVTE TO HOVTEAD XaTd TN didpxeta e exnaldevong. Autéd Ho umopoloe va ennpedoel Ty anddoom
Tou povtélou, xadde yivetar mo cuvtoviopévo oto TinyStories. I'a vo avtigetwnicovye oautd to TEOBANUL,
TElpopa Tl OUAOTE YE Wa Topahhoy Y| exntaddevong 6nou eglooppomolue tov aptdud Twv deryudtny xa and ta dvo
olvoha Bedouévwy. Buyxexpiuéva, o delypato oe xdde noptida (batch) AopPdvovtan e lon mdavétnto ond
to TinyStories — to onolo nephopfdvel 1600 TEWTOTUTA 6GO Xal TopoyUéva xelpeva — xau to BabyLM. Auty
1 wédodoc dooparilel 6Tl to Yoviého extiveton oe (oo aprdud detypdtwy and xdde cOvolo Bedouévmy xatd
dudpxeta Tne exnaidevong. To oluBolo oTinéto T ota anoteréopata dNAGOVEL T Yprion AUTAC TNG OTEATAYIXAS.

0.5 AmnoteAécuata

Iapovoidlouue o Tehixd amoteréopata e afloAOYNoNG Hog Yiot Tor oevdpla Strict-Small xou Strict otov
IMivoxa 0.5.3 xon tov Iivaxo 0.5.4, avtiotoiya. To ocOyforo x dniodvel to poviého mou unolBARdnxe otov
Bty VLOPO.

0.5.1 Strict-Small — Muxpd evdpro

Yto Strict-Small cevdplo, 1 oUyxpELor TS EMIBOOTC TWV EXTAUBEUUEVLY HOVTEAWY Yid ToL GUVOIX EXTALBEVCTC
Draby-10M % Diiny-10M amoxahOnTeL 6TL To 0OVOoAo dedopévwy BabyLM eivon mo weéhipo yio Ty npoexnaidevon
oe Yhwoouxd dedouéva oe alyxplor e to TinyStories. O petpixéc anddoorng yia to TinyStories elvon otadepd
YOUNAOTERES, EXTOC amd TNy mepinTworn Tou EWoK. Evdiagépov enlong mpoxohel 6Tt 1) avTixatdotacT) Tou ool
ouvorou Bedouévwy BabyLM ue dedopéva and to TinyStories ennpedlel eAdyloto TV amdd0GT TOU UOVTEROU.
Qot600, xadde ntpocVéTovue TeplocdTepd SElYUUTA DEBOUEVLV CUVIETIXMY LOTORPLMOY, 0 VETXOC AVTIXTUTOS TOU
cuvéhou dedouévev BabyLM ogyilel vo yeuwdveton, pe anotéieopa 1 anddoor) vo tAnotdlet auth Tou Diiny-10Mm
onov to BabyLM de yenowonoujinxe xadohov. Autd umodnidver 6t 1 exnoidevorn ennpedleton unepBolixd
and Tov avinuévo dyxo dedouévwy tou TinyStories. I'io vo yetplacTtel qUTO TO ATOTENEGUA, LOOPEOTHOUUE TNV
xatavour] Tev Serypdtwy and to dvo ohvoha dedopévwv ot wa toptido (batch). Auth n npocéyyion ennpedlet
Yetxd v andédoon tou poviéhou. Luyxexpéva, Yo to BLIMP, Eenepvd ehapedc tnv anddoor) tou wovtéiou
TOU EXTIUOEVTNXE OMOXAELCTIXG GTO Dhapy-10M, TETUYAIVOVTAC TNV xaAUTEEN eNidooT cuvohixd. Emniéoyv, oe
oUyxpion we dhha oevdpla enadénone, n anédoon oto GLUE avgdvetou.

Muat oxopar evBLapépouaa TapaThENaT apopd TNV TeX VXY detyotolndiag Tou yenotdonoleltat yio Ty adgnomn tev
dedouévev. H odhayh e otpatnyic Serypotoindiog and dninotn xwdxonolnon oe delypatolndla muprva
enneedlel Yetind Ty anddoon tou poviéhou oto BLIMP xou to BLIMP Supp., evé ennpedlet apvntixd tny omo-
doom oto EWoK xat oto GLUE. Auté to gouvépevo eivon mdavd vo ogetheton 6N @UoT ToV (BLv TwV UETPXOY
a&ordynone. To BLIMP ectidlel oty alohdynomn tne xatavonons e YeoHaTixig Xol TOU GUVTIXTIXOU, ol
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0.6. Xvunépaoya

7N auénuévn mouahopopgio Tou npoxahel N Belypotohndla muprva, exdétel To Yoviélo oe éva eLpUTEPO Ao
YAWGOXWY TACIOY Xt CUVTAXTIXOY TopaAAaYdY. Autd Bedtudver v eniboon oto BLIMP. Avtideta, to
EWoK xat 1o GLUE anowtodv onuaclohoyixy) GUVOYT xal GUVETELX GTA YEYOVOTA, XAl 1) AUENUEVY TOLUAOUOE-
@la oo 1 Sevypotorndio muprva uropel va etadyel HopuPBo xou vor 08N YHoEL OE AYOTERO GUVEXTIXES APNYNOELS.
Avutd duvnuxd pnepdedel To UOVTENO xou UELDVEL TNV anddoan. Emouévwe, eved 1 peyailtepn mouhio otic
loToplec WQEAEl PETEIXEG YPOUPATIXAC Xatavonone onwe to BLIMP, evdéyeton vo unv elvan 1600 yenowdn yio
onpaclohoYnég UeTELEC 1 ueTewéC Baotouéveg oe yeyovota, onwg 1o EWoK xo to GLUE.

Model Training Data
LTG-BERT ‘ Dhaby-10M

Total ‘ BLiMP ‘ Supp. ‘ EWoK ‘ GLUE ‘ Avg.
10M | 60.6 | 60.8 | 48.9/63.15 | 60.3 | 57.7/61.2

BabyLlama | Dpapy-10m | 10M | 698 | 59.5 | 507 | 633 | 608
Dhaby-10M 10M | 628 | 63.7 66.2 71.0 65.9
Dhiny-10M 10M | 59.8 | 54.2 67.0 67.0 62.0
Dhiny-10M + Dgen-greedy 20M | 587 | 57.8 63.8 67.1 61.9
Dhaby-5M + Diiny-5M 10M | 626 | 60.7 66.6 71.2 65.3
LT(%‘EE)RT Draby-5M + Diiny-5M + Dgen-greedy 15M | 621 | 60.2 65.5 70.6 64.6
Dl)aby-BM + Dtiny—5M + Dgen—nucleus—l 15M 62.5 62.3 63.9 69.5 64.6
Dhaby-5M + Diiny-5M + Dgen-nucteus-1 T* | 15M | 63.2 | 59.3 65.5 71.1 64.8
Dbaby—SM + Dtiuy—5M + Dgen—nucleus—5 33M 62.4 60.1 65.8 69.4 64.4
Dhaby-5M + Diiny-5M + Dgen-nucleus-10 | 56M | 61.0 | 58.4 65.3 69.5 63.6

Table 0.5.3: EnlSoon tewv yovtéhwy yia To Strict-Small cevdplo pe opto 10 exoatoupipio héEeig.

0.5.2 Strict — Meydho Xevdpto

Eivow evdlagpépov 6Tt yiot To Strict oevdplo napatnpolue 6Tt 1) adEnom dedouévev Exel Vetinr enidpaon oTic
peteixéc BLIMP xou EWoK. Yuyxexpuyéva, n npoctrxrn tou cuvoAou Se0UEVLY Dyen-greedy; EXEL (G ATOTENEGUA
auénuévn anddoor o alyxpeion Ue Ta Baolxd povtéla nou exnadelTnXay oTd Diiny-100M % Dhaby-100M, x0060C
xou évar pelypa twv 800 (Dyiny-50M + Dhaby-50M ). Emimhéov, 0 ouvduaopds Dyiny-s50M + Phaby-50M EXEL XEROTEEN
an6d00m o omd Ta BV0 YovTéla pe enaténot Sedouévedy, Daen-greedy ¥ Dgen-nucleus-1, YEYOVOS TOU UTOSNAGDVEL
6Tl Tot cLVYETINS BeBoUEVA UTOEOVY VO TEOGPEROUY XATOL0 XE€EBOE GTO UEYAAUTERO GEVEpLO.

‘Onwe xou ye to Strict-Small cevdplo, 1 abnomn tou peyédouc tou cuvohou dedouévev TinyStories emnpedlet
QEVNTLXA TNV am6B00Y) TWY UOVTEAWY, TANCLALOVTUS TNV om6d00T) TOU LOVTEAOU TOU €YEL EXTTUDEUTEL AmOXAELO-
Twxd 070 Diiny-100M- §26T600, o€ aUTHY TNV TepinTwo, 1 eEloopEdTNoT TV GUVORWY BEBOPEVOY XoTd TNV
exnaidevon e Bektiddver Ty amddoon Tou woviélou. Xto Yeyalitepo clvolo dedouévwy twv 100M Aéewv,
oxoUT X Ye eEloopEOTNOoN, 0 TEPACTIOC OYX0¢ Twv dedouévwy TinyStories unopel va e€oudetepdoet Ty eni-
dpaom twv dedouévwyv BabyLM. To povtého extiletan oe mohd pyeyarbtepn nocdtnta nepieyouévou TinyStories,
To omnolo umopel Vo xuplapyNoeL OTr PAINoT Xl VoL UELWCEL TNV ATOTEAECUATIXOTNTA NS e€loopponnone. Em-
TAéov, eved N otpatnyy derypatondiog muphva BeATiddver yia GAAN wot @opd Ty anddoorn oto BLIMP Supp.,
oe Bondd ue to BLIMP énwg éxave oto Strict-Small cevdpto.

0.6 XuvprnEpacpa

Ye autr v epyaotia, Siepeuviioaue puedodoug enadinone Sedouévmv yia YAwoowt poviehonoinon oe cuvirxeg
TEpLoplopévwy Bedouévwy. Apyixd, yenoldonolwvtag to olvoho dedouévev TinyStories, exnoudeboaye amox-
wdomontéc petaoynuotiotéc GPT-Neo, xa Siepeuviioaue 1 oyéon Yetald TNe TopayOYIXNG XoVOTNTOG, Xol
Tou yeyédoug Tou cuvolou exnafdeuvong. To eUPHUUTA PO QAVEROVOUY TNV LXAVOTNTA AUTOY TV UOVTEAWY Vol
ToEdY oLy Xelueva UPNAHS TOLOTNTAG Xt ToLAOpPop®lag, oxoud xou o€ cuVIrixes Aiywy dedopévwy.

6To anoteréopata oto EWoK yia ta poviéha LTG-BERT 8iapépouy and autd mou dnpootehdnxay and Touc Slopyavetée — yio
nopdderyua N aflohdynon wog yio To 10M cevdplo elvar 63.1 avtl yio to mapeyduevo 48.9. Ilicteboupe bt awtd ogelleton o actddelo
TNC CUYXEXPLUEVNC OEYLTEXTOVIXAC, UE OLOPOPETIXS OMOTERECUOTO VO AVOPEROVTAL TEPLOTACIAXA OE JLOUPOPETIXG UNYOVAUALTAL.
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Model ‘ Training Data ‘ Total ‘ BLiMP ‘ Supp. ‘ Ewok ‘ GLUE ‘ Avg
LTG-BERT | Dpaby-100Mm | 100M | 69.2 | 665 | 51.9/65.7 | 68.4 | 64.0/67.5
BabyLlama | Dpaby-100m | 100M | 731 | 606 | 521 | 69.0 | 63.7
Dhaby-100M 100M 64.0 67.6 62.8 74.0 67.1
Driny-100M 100M 61.2 63.2 63.1 70.6 64.5
Dtiny-100M + Dgen-greedy 200M 61.1 59.6 63.8 69.1 63.4
Driny-50M + Dhaby-50M 100M 65.5 65.6 62.5 71.0 66.2
LTG-BERT Y v
(ours) Driny-50M + Dpaby-50M + Dgen-greedy 150M 66.6 63.3 65.0 71.8 66.7
Dtiny»50M + Dbaby—5OM + Dgen»nucleus—l* 150M 65.6 65.0 64.6 2.7 67.0
Driny-50M + Draby-50M + Dgen-nucleus-1T | 150M 65.2 63.5 64.3 72.6 66.4
Dtiny-SOM + Dbaby—SOM + Dgen—nucleus—S 350M 65.4 64.4 61.2 69.8 65.2
Dtiny-50M + Dbaby-50M + Dgen-nucleus-10 | 600M 63.7 63.3 64.5 69.5 65.3

Table 0.5.4: Enidoorn twv povtéhwy ylo to Strict oevdpio pe 6po 100 exoartopuipla Aé€ele.

YN ouvéyela, Y Vo HETEHOOUUE TNy enidpacn tng enadinonc Ye ouvleTixd SeBOUEVa, YENOUIOTOCUUE Ta
povtéha GPT-Neo yio var nopd&ouue oOvora cuVIETIXDY LoTopL)Y, ot exntaudeloope poviéha LT G-BERT
oE evay €Up6 GUVBLAOUS amd clvoha Bedouévwy. Ao TNy afloAdYNoTN Hog CUUTERALVOUPE OTL eV 1) cUVUeEDT
dedopévewy LPNAHC ToldTNTaG Elvar Buvath oe GUVITIXES TEPLOPLOUEVWY BESOUEVLV, 1) ATOTEAECUATIXT XPHOT TOUS
yia tpoexnaldevor dnuovpyel didpopeg mpoxifoelg. T to Strict oevdplo, 1 yehorn cuvieTindy dedouévny
TEOXAAETE UxET| BEATIWOT OE OPLOPEVES UETPXES, EVE 1) TPOCEXTIXT EELCOPEOTINCT TWV GUVORWY BEBOPEVLY TjTaY
EUEPYETIXN Yia TO oevdplo Strict-Small . Ev xatoxheldt, ol npoondleiec yac unoypouuilouvy tnyv meplmhoxn
loopponia Tou amanteltal UETOEY TNE TOGHTNTAC, TNG TOLOTNTAS XOU TN EVOWHATWONS TWV GUVIETIXDY BESOUEVKY
v TV anoteheoyatixy xeon Touc Yl npoexnaidevon o YAwoowd dedopéva. EAniloupe ol gpyaoiec pog vo
ATOTEAEGOLY EVOUOUA Yo TEPLOCOTERT) EPELVA OTOV TOEN TNG YAWOOWXAC LovTelonoinong ue Aya dedouéva, xau
ONUELOVOUUE XATOLES WEES Yiol UEAAOVTIXES TIPOEXTAOELS GTNY ETMOUEVT] TORAYPAPO.

0.6.1 MeAroviixec Kateuddvoeig

YN perétn pog yenowonolfinxe uior LOVO dpyLTeEXTOVIXT Yiol xGUe €val amo To LOVTEAN OOXMOLXOTIOMNTY) ol
xwdonontr. Emnhéoyv, neploplotixape oe cuyxexpiuévoa obvola dedopévwy, yenouonolwvtag wovo to TinyS-
tories ylo T dnpLovpyio cUVIETIXDY BEBOPEVLV Xa cLVBLOOWUS Twv TinyStories xou BabyLM yuo tnyv exmaidevon
Tou xwdxomonT. Autéc oL emhoyéc Eyvay yia va e€acpahicovpe erEYEINES CUVIAXES OTO TELPAUOTO HOG, XOl
vo g€y 300y otodepd ouunepdopata. Ilop’ ol autd, 1 eloaywyr evdg EUpEOS PAGUATOS LOVTEAMY Xal BEBOUEVLY
exnaideuong oe pehhoviixn epyasio Yo 0dnyHoouY oe UEYANITERT YEVIXEUGT TV ATOTEAECUETOV HOC.

Mo dAAn urooy6pevy xatelBuvon Yiol LEAAOVTIXY EPEUVA EIVOL O TELPUUITIONOS YE T Sladixooio TapaywyYNg
BEBOUEVKY XL GUYBLACUOD TWY CUVOAWY dedopévwy. Epeuviioope udvo éva pelypo twv 800 cUVORWY SedoPEVLV
— 1N ovpmepiindn toug oe (on avohoyio — xatd TN dnuiovpyic UTOGUVOAKY, EVE Ta Xelyeva péoo oe éva uT-
000voho dedopévwy detypatiotnray tuyaic. Oewpolue 6Tl €vag XUAVTEROS EAEY YOS TOU PELYUOTOS TV GUVORWY
dedou£vev Yo umopoloe vo EVIoYOOEL TEQULTEP® T OPENT]) TNE TEYVIXNG ENALENONC BESOUEVKY TTIOL TEOTEIVOUUE.
Emniéov, 600V agopd TNV mopaywyr, 1 OTEATAYIXY TROTEOTAS X0 TO MOCOCTO MERIXOTAC TWY LoTOPLOV Vo
unopovoay va puiuoTolv pe peyolitepn axplBela, tpoxeyévou vo Behtiwdel 1 1oopponio ueTaEl g TOLOTNTOG
X0l TOU TAEOVAOUOU TWV OEDOUEVWYV.

Awarypdgpovtag xdmolec yelhovinés xatevdivoelc otoyelouvue vo evioapeivoupe mepautépw EpEuva oE oUTOHV
Tov Topéd, €0TdlovTag 6ToV avtixTuno g avénong dedopévewy ot YAwoowxr mpoexmaidevon ot cuvirxeg
TEQLOPLOUEVRY BEBOUEVV.
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Chapter 1

Introduction

Modern Language Models (LMs), have achieved remarkable feats of language understanding and reasoning
[16, 148, 149, 40], often surpassing the abilities of humans in certain tasks. To a large degree, this success is
due to the continuous increase in the magnitude of two critical variables: the number of model parameters
and the size of pre-training datasets. Recent work [50, 65] has shown that as the available compute and
training tokens increase, so does model downstream performance, prompting academia and industry alike to
keep scaling up training configurations. As an example, the recently introduced Llama 3 [30] model contains
405B parameters and was pre-trained on 15.6T tokens, on 6K H100 GPUs. This trend is also demonstrated
by the domination of Natural Language Processing (NLP) research by Large Language Models (LLMs),
which have been successfully used in order to enhance an abundance of tasks [92, 107, 93, 69, 68, 3, 96, 133].
However, this comes with significant shortcomings. The current state of LM pre-training raises a variety of
ethical and environmental concerns — such as increased energy usage and carbon emissions [128, 48, 76] —
and threatens democratic access to the field of language modeling, as research is only made viable for large
industry organizations.

200 1.4
Billion Trillion
3 30
<100 g, Billon ‘
. . o
13y.0. BERT ROBERTa  GPT-3 Chinchilla
Human (2018) (2019) (2020) (2022)

Figure 1.0.1: Training dataset sizes of recently introduced language models compared to the average input
that a 13 y. o. child has received during development. Figure reproduced from [145, 141].

Another set of issues relates to the cognitive plausibility of current LMs. By observing the human language
acquisition process and comparing it with modern LM training regimes, we notice some key differences,
specifically concerning the amount of linguistic input required for effectively understanding language. During
their development, children are exposed to 2-7M words per day [42], for a total of no more than 100M words
by 13 years of age, making them extremely efficient language learners. At the same time, state-of-the-art LMs
require billions or even trillions of words. This contrast in sample efficiency, illustrated in Figure 1.0.1, casts
doubts on the cognitive plausibility of current LM training procedures. Additionally, the vast scales of data
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Chapter 1. Introduction

prohibit cognitive scientists from effectively employing LMs for psycholinguistic research and transferring
linguistic insights to human language learning. Indeed, researchers have identified the access to immense
amounts of data as the most glaring advantage of modern LMs over humans |77, 141].

The issues with present LM training practices, as outlined above, motivate the exploration of a direction
counter to the current trend of scaling up, namely: language pre-training using data limitations inspired by
human development. Our work is part of recent efforts for training efficient language models in a limited data
setting, mimicking the linguistic environment that children are exposed to during development. Specifically,
we participate in the 2nd iteration of the BabyLM Challenge! [21, 145, 146]. The goals of the competition
are aligned with the benefits of data constrained language modeling, specifically the competition strives to:
(D improve the relevance of LMs as cognitive models of the human language acquisition process, ) aid
the discovery of more efficient pretraining schemes by experimenting (sandboxing) on small datasets before
scaling up promising approaches, 3) make LM research viable for researchers outside well funded industry
groups.

The competition features three experimental tracks, the Strict track with a maximum of 100M words,
the Strict-Small track with a maximum of 10M words, and the Multimodal track with a word budget
of 100M words and unlimited visual input. Participants are allowed to construct their own training data,
provided they stay within the track limits. In the following paragraphs, we briefly describe our approach to
the Strict , and Strict-Small tracks of the challenge.

Our work is published in the proceedings of the 2nd iteration of the BabyLM challenge at CoNLL 2024,
titled: "BERTtime Stories: Investigating the Role of Synthetic Story Data in Language Pre-training” [132].
To encourage and facilitate further research in the area, we make our models and implementation publicly
available 2.

1.1 Owur Approach

The central idea of our approach is data augmentation. We leverage the recently introduced TinyStories
dataset [31] (Dtiny), a dataset of short stories with simple language and vocabulary, intended to be understood
by 3-4 year old children. This dataset was recently used to demonstrate that Small Language Models (SLMs)
trained on simple data, can create high quality and novel story completions. Inspired by these results, we
posit that harnessing this dataset for augmentation would benefit LM pre-training for the small data regimes
(10M and 100M words) of our setting. We use Diiny to train decoder transformer GPT-Neo [12] models with
limited amounts of story data, and employ them to generate alternate completions to the stories in their
training set, adapting the beginning of the stories in Dy, as a prompt. This results in the creation of a
synthetic dataset of sort stories — denoted as Dgep. The Dgep, and Diipy, datasets are combined with a sample
of the BabyLM dataset (Dpaby) [21], to form a combined corpus (Deomp). Using the combined corpus, we
train encoder transformer models with the LTG-BERT architecture [120].

Through our efforts, we aim to uncover the effect of data augmentation with synthetic story data in the
linguistic understanding of the encoder models. Specifically, to achieve this we train LTG-BERT models
and compare performance with various baselines, trained with and without the generated dataset Dgen.
For the proposed models and baselines, we evaluate grammatical proficiency, world knowledge and general
language understanding. Some marginal gains are observed from the application of our methodology, for
both the Strict and Strict-Small tracks of the challenge. However, overall, increasing the amount of
synthetic story data proved detrimental to final model performance. Our results underscore the potential
data augmentation using synthetic story data in improving low resource language modeling.

A second set of investigations concerns the relationship between the size of the training data for GPT-Neo

Thttps://babylm.github.io/
2https://github.com/nikitas-theo/BERTtimeStories
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1.2. Thesis Outline

models trained on subsets of TinyStories and their linguistic abilities. Specifically, we want to understand
how the quality of the generations of the models and their general language proficiency change as we vary the
amount of words (in millions) that are leveraged for their pretraining. To probe this relationship we construct
subsets of TinyStories with {5, 10, 25,50, 75, 100}M (millions) of words, and utilize a comprehensive evaluation
suite including language benchmarks, diversity measures, and an LLM assisted qualitative evaluation.

Our experiments demonstrate that Small Language Models (SLMs), trained with < 100M of words, demon-
strate remarkable linguistic understanding, and can produce high quality generations with a high degree of
grammatical correctness and diversity. These results shed light into the capabilities of SLMs in low data
regimes, and give strong evidence that the potential of data augmentation with synthetic story data has
not been fully explored. Specifically, given the ability of the GPT-Neo models to produce high quality text,
we believe that more research is needed to fully realize and exploit their potential for augmentation in low
resource language pretraining.

1.2 Thesis Outline

In the chapters that follow, we expand on the required background knowledge and further motivate the need
for sample-efficient language pre-training. Having defined the context of our work and positioned it among
current efforts, we begin to illustrate our methodology. Next, we detail our experimental procedure, analyze
the results and finally discuss our findings and illustrate future directions.

e We begin with a short introduction to Language Modeling, starting with more traditional approaches
(e.g., n-grams, static embeddings), and moving to modern developments, with the introduction of
Attention, Transformers, and Large Language Models (LLMs) (Chapter 2).

e Next, we summarize recent efforts for efficient and cognitively plausible language modeling, aiming to
solve the issues raised by current LM training regimes (Chapter 3).

e Having set the context of our work, we describe in detail our methodology for data augmentation in low
resource training conditions using a synthetic dataset of sort stories (Chapter 4).

e We present our experimental procedures and findings in detail, and demonstrate evaluation results for
GPT-Neo decoders trained on various amounts of TinyStories data, and the effect of data augmentation
on the linguistic abilities of the LTG-BERT encoder models (Chapter 5).

e We conclude with a discussion of our results, and an illustration of promising avenues for future work
(Chapter 6).

e Details and additional results from our experiments are included in Appendices A, B, C, D .
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In this chapter, we delve into the subject of Language Models or LMs. These are models that have learned
how to assign a probability to a sequence of words, or given an incomplete sequence, assign a probability to
all possible next words. It turns out that learning to predict the next (or missing) word in a sequence is a
sufficiently complex task, thaw allows models to learn about fundamental semantic and syntactic properties
of language. These properties are expressed in the model parameters, and in the rich representations that can
be derived about a word or a sentence. Even modern Large Language Models (LLMs) that show remarkable
linguistic abilities and excel in a variety of language reasoning and understanding tasks, at their core, are
trained at predicting upcoming words from words in their neighborhood. Language modeling, is at the heart
of Natural Language Processing (NLP), as in order to succeed at a language task, some general knowledge
about the structure of language and a representation space for linguistic units are extremely helpful.

Language is also the human ability most connected with human though and intelligence. To uncover the
secrets of language acquisition, and teach machines to read, write and communicate, has been one of the
longstanding research challenges of the field of Artificial Intelligence [136].

Figure 2.0.1 illustrates the evolution of language modeling through the 20th and 21st centuries, up to today
— highlighting the drastic increase in the task solving capabilities of language models. Initially, statistical
language models were primarily used, in order to support specific tasks (e.g., information retrieval, speech
processing) in which the estimation of probability proved beneficial. With the introduction of neural LMs
(e.g., word2vec [91]), the focus moved to learning general linguistic representations, i.e., features, which where
employed to solve a limited range of typical NLP tasks, and reduced the need for manual feature engineering.
The next step was the learning of contert-aware representations, with the emerging paradigm of unsupervised
pre-training on vast amounts of data, and finetuning on a limited set of labels. Models such as ELMO [103],
BERT [27] and GPT-2 [111], were applied to a broader range of NLP tasks — such as sentiment classification,
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paraphrasing, and entailment. The most recent development is the advent of Large Language Models or
LLMs [2, 16, 95] which can be considered as general purpose task solvers — giving rise to scaling laws [50, 65]
and instruction tuning and prompting methods [19, 158]. These models can solve a wide variety of real-world
tasks, and have effectively transformed modern information processing. During this evolution of language
modeling, we witness that the scope of the problems that LMs can tackle as well as their performance have
been greatly advanced. In the following sections, we dive through each of the periods of LM development,
and gain insights about the past and future of language modeling.

We begin our exploration of language modeling by first briefly talking about N-grams the simplest form of lan-
guage models (Section 2.1). Afterwards our analysis progresses to static word representations, like word2vec,
and neural language models with recurrent architectures (Section 2.2). Next, we arrive at the Transformer,
and the modern attention-based LM architectures that revolutionized the NLP field (Section 2.3). Lastly, we
introduce the current LLM landscape, and underscore potential challenges (Section 2.4).

General-purpose

Transferable

Task-agnostic NLP task solver

task solver

GPT-3/4. ChatGPT. Claude
Scaling language models

Task Specific task feature learner ELMO, BERT, GPT-12  promp( based completion
solvmg helper Word2vec (NPLM). NLPS Context-aware representations  Solve various real-world tasks
capacity n-gram models Static word representations Pre-training + finc-tuning

Statistical methods
Probability estimation
Assist in specific tasks

Neural context modeling Solve various NLP tasks

Solve typical NLP tasks

Pre-trained LM

Neural LM

Statistical LM

1990s 2013 2018 2020
Figure 2.0.1: Evolution of Language Models through four periods. Each period is marked by substantial

increases in the task-solving capabilities and scope of the models. Figure from [162].

2.1 Statistical LMs — N-grams

N-gram language models fall into the general category of statistical LMs [82, 58] which were some of
the earliest attempts to model language. These techniques construct a word prediction model, by rely-
ing on the Markov Assumption — the usage of only the recent history to predict the next possible word.
Given a sequence of n words, denoted as wi.,, we can compute the probability P(wi.,), using the chain
rule of probability. We note here that the term "words" could mean linguistic tokens in general, as we
shall see that modern LMs do not process words as individual units. With the chain rule of probability
we have: P(wi.,) = P(wi)P(wa|wr)...P(wp|wi—1) = [, P(wg|wi:k—1). Calculating the probability
P(wg|, w1, ...,wr—1) however is intractable for large sequences, as both empirical and statistical estimation
methods are not applicable without making further assumptions — even when relying on a trillion word corpus
like those used by LLMs. This is a consequence of the exponential increase in the number of unique word
sequences as the number of words n in the sequence w;.,, increases.

Instead of computing the probability of a word given the complete history, we can instead approximate
the past context by using a limited number of words. By taking into account only the previous word in a
sequence, we make the following assumption: P(wy|wi.n—1) & P(wy|w,—1) — the probability of the current
word, depends only on the probability of the previous word. This way we formulate a bi-gram LM. This
general assumption — that the current word prediction depends only on the most recent context — is also
called the Markov Assumption. The bi-gram model is easily generalized into the tri-gram and the N-gram,
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which computes the probability by looking IV — 1 words in the past. In general, the probability of a sequence
using an N-gram language model is expressed as: P(wi.,) = HZ=1 P(wg|wk—1:k-N)-

To estimate the probabilities for N-gram models, we use Mazimum Likelihood Estimation. Specifically, the
model parameters are computed from co-occurency counts in a large corpus, which are then normalized to
lie in the range [0, 1]. This is a frequentist approach to probability. With C(w;.,) we symbolize the number
of times the sequence wi., occurs in the text data, and give the general equation for empirically estimating
the probabilities for an N-gram model below:

C(wan%»l:nflwn)
C(wn—N+1:n—1)

P(wn|wn—N+1:n—1) =

Using this simple approximation, N-grams are able to capture basic grammatical and syntactic facts about
language, and have been useful in information retrieval, and early natural language processing. However, they
often suffer from the curse of dimensionality, as it becomes increasingly difficult to estimate the probabilities
for higher order models (large N values) — since the number of probabilities that needs to be calculated grows
exponentially.

2.2 Neural LMs

Neural Language Models [7, 90] leverage Neural Networks (NNs) to estimate the probability of a sequence
of words. Common architectures include Multi Layer Perceptrons (MLPs) and Recurrent Neural Networks
(RNNs) e.g., the LSTM [49]. These methods focus on deriving dense features for words and sequences that
can then be utilized to increase performance in a variety of downstream tasks, by leveraging pre-learned
semantic information. As an example of an approach from that time, we detail in the next section the core
idea behind word embeddings, and specifically word2vec [91] — one of the most influential contributions in
modern NLP.

2.2.1 Word Embeddings

The idea of word embeddings, is build around a simple concept, called the distributional hypothesis: words
that occur in similar contexts, tend to have similar meaning. This hypothesis was formulated by linguists long
before the advent of word embeddings and Neural LMs. Vector semantics, refers to learning representations
of meaning, in some multidimensional space, that are called embeddings. These representations are learned
directly from the distribution in texts, and effectively underlay every natural language processing application
that relies on the meaning of the words. Here, we introduce static embeddings, where each word has a fixed
vector representation. In later sections, we will talk about contextual representations, such as those obtained
by a bidirectional transformer BERT [27] model.

Next, we introduce one of the most influential word embedding methods, word2vec [91]. Unlike previous
embedding approaches which were sparse, e.g., like TF-iDF [117] and frequency count based vectors, word2vec
embeddings are short and dense, with the number d of dimensions ranging from 50 to 1000 [63]. Their values
are real numbers, and the embeddings are vectors e € R?. Dense vectors in general are more effective than
sparse vectors, in almost every application. One reason for this, is their efficiency, as being dense allows them
to pack a lot more information for each used dimension. This benefits classification networks, as far fewer
parameters need to be learned and stored when working with these representations — which also combats
overfitting. However, one undesirable effect of this, is that the dimensions are not interpretable — an issue
that is present in general with modern NNs and has sparked its own research field [118].

The word2vec embeddings dispose of counting-based co-occurence methods, by training a classifier to predict
if a word is correct for a given context. The classifier weights are then used as the word’s embeddings. This
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Figure 2.2.1: T-SNE projection in two dimension, for the embeddings corresponding to some words and
phrases. The image demonstrates that words with similar meanings are grouped close together in the
representation space. The original embeddings were trained for the task of sentiment analysis, and have 60
dimensions. Figure reproduced from [63, 74].

method relies on self-supervision, avoiding any use of a human label signal during training. This is one of
the most important ideas in NLP, as it makes it possible to train on vast amounts of unlabeled text. Given
a context of n words W = (wq,wa, ..., We, ...,w,) and a target word w., we perform a binary classification
task, where we want either (a) to predict if the word w, is in fact correctly placed in the context (CBOW),
or (b) to predict if the context W\, is the correct context for this word (skip-gram). For skip-gram, the
real target word and context are treated as positive examples, while randomly sampled words are chosen for
negative examples, and a logistic regression classifier is trained to recognize between the two. The learned
weights of the classifier, serve as representations for the words. The model uses the dot product of the
embeddings to estimate the similarity between words. During learning, target and context words that are
similar are moved closer together, resulting in an embedding space with useful similarity properties. Later,
more advanced embedding techniques were introduced, such as fastText (using sub-word models) [13] or
GLoVE [102] embeddings (using global statistics).

Embedding spaces can capture interesting semantic relationships and interactions between words. Figure 2.2.1
demonstrates how words that have similar connotations (negative/positive/neutral) are grouped together in
the embedding space. Additionally, embeddings spaces can foster semantic relationships between vectors,
that e.g., encode similarity and word relations. One notable example is given by [89]: vector("King") -
vector("Man") + vector("Queen") ~ vector("Queen").

2.2.2 Recurrent Language Models

We briefly introduce Recurrent Neural Networks (RNNs) that were the dominant paradigm for modelling long-
range sequences and dependencies — including language modeling — before the introduction of Transformer
models. An RNN is able to account for dependencies across time in a sequence, and can thus model the
probability P(w;|w<;) without making the Markov assumption that we observed in N-gram models. RNN
language models, have internal mechanisms that can directly capture the inherently sequential nature of
human language, and the current word prediction can effectively depend on information from hundreds of
words before. The recurrent computation taking present inside an RNN, unfolded through time is illustrated
in Figure 2.2.2. At each timestep ¢, a hidden state h; is responsible for preserving the contextual information
from previous steps x~; that will influence the processing of the current input z; and the production of an
output o;. Moreover, the state h; operates as a type of memory, that can be modified in complex ways.

One issue with general RNN architectures is that they are difficult to train, and learning long-term depen-
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dencies with these models is hindered by problems such as vanishing or exploding gradients [6]. This is a
result of the continuous application of matrix multiplications — proportional to the sequence length — which
can drive gradients to zero. To adress these issues, the Long Sort-Term Memory (LSTM) architecture was
introduced [49] (among others), that enables a model to decide what information to keep, by learning and
forgetting. Units with specialized functions, named gates control how information is accessed. Namely, the
LSTM makes use of the forget, add, and output gates. For a detailed description of the LSTM architecture,
we refer to [63]. RNNs are very powerful models, that can be applied to sequence labeling (POS tagging),
sequence classification (e.g., sentiment analysis) and language generation. For these uses, a special encoder-
decoder formulation may be employed, and also an attention mechanism may be used. The encoder model
produces a contextual representation ¢; for each token, which is then attended to be a decoder model.

Figure 2.2.2: Tllustration of the recurrent computation in an RNN, unfolded through time. Figure by [32].

RNNs can be readily applied to the task of language modeling, as they can be trained to predict the next
word in a sequence given the context of the previous words. Specifically, they can model P(w;|w<;), assigning
a probability to every possible next word, and defining a distribution over the whole vocabulary. Utilizing the
chain rule of probability, this also allows them to assign a probability to a sequence: P(w1.,) = [[ P(w;|w<;).
Previous LMs, whether N-grams or MLPs, had a restriction in the context to a specific number of words,
in contrast RNN LMs [90] can process an unlimited context. They achieve this by breaking computation to
one individual word at a time, with the hidden state h; summarizing necessary information from past words.
This allows them to theoretically capture dependencies to the start of a sequence. Figure 2.2.3 illustrates
the training of an RNN neural network. RNN LMs are trained with self-supervision to predict the next word
given past context. They use the cross-entropy loss and a one-hot encoded label signal, indicating the correct
next word according to the training data.

RNNs were overshadowed by the advantages of the Transformer architecture [137], that by introducing self-
attention, dominated performance in many NLP tasks, where traditionally state-of-the-art approaches utilized
recurrent architectures e.g., the LSTM. One of the major advantages of Transformers is that representations
can be computed in parallel allowing for faster and more efficient computation. This is in contrast to RNNs,
which are bound by their linear sequential dependency, i.e., the computation for x; needs to happen after the
computation for z.;. However, recently RNN LMs have become relevant, offering competitive performance
with comparative transformer architectures by [108, 109, 33]. These methods propose advances in the RNN
architecture, that allow parallel computation.

RNNSs were also the first architectures utilized to derive contextual representations for words. In the landmark
work of ELMo [103], a deep bidirectional LSTM language model was training (BiLSTM), that in contrast
to static embeddings (e.g., word2vec) could capture the dynamic context around a word. Two LSTMs were
used, trained to predict the next word from each direction, left to right, and right to left. The representations
where combined, resulting in a richer overall word embedding. ELMo was also one of the first models used
for transfer learninig in NLP, offering substantial improvements to many tasks, and initiating the era of
pre-trained LMs, a major shift in the field.
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Figure 2.2.3: Training an RNN as a Language Model. Figure reproduced from [63].

2.3 Pre-Trained LMs — Transformers

We now delve into the Transformer — which has become the standard architecture for building LMs, and has
essentially dominated every NLP application. The original architecture by [137] is illustrated in Figure 2.3.2.
The name derives from the way transformers process the representation vector u; for each token, using a
cascade of transformations u; € U — V', where the spaces have the same dimensionality d, but V' will have
richer and generally more useful representations. Originally introduced for NLP [137, 27] they have become
ubiquitous in all machine learning applications, outperforming previous CNN and RNN architectures [66,
101]. The transformers, with the introduction of the self-attention mechanism, were able to achieve very
high parallelization, making them more efficient architectures for learning language, compared to RNNs.
Transformers are very effective, and can be used as foundational models, by being pre-trained on a vast
number of training data, and learning rich word representations that are leveraged for state-of-the-art perfor-
mance in a large array of downstream NLP tasks. This is the now common paradigm of first "pre-training"
and later "fine-tuning" that was sparked by the initial employment of contextual representations in ELMo
[103], and the later introduction of BERT [27]. In BERT context-aware word representations are learned by
self-supervised training on a large corpus, and they then serve as general-purpose features.

The key feature of the transformer is self-attention, which we introduce in later paragraphs. Essentially, it is
a way to build contextual representations of a token by aggregating the information of surrounding tokens.
This form of communication happens at each layer, using as inputs the representations from the previous
layer, and can aid the model in learning the relations of tokens across long spans of text. Over the application
of many layers, richer and more high-level representations are developed. Below we give a brief description
of the different types of transformer architectures and their strengths and weaknesses.

Encoder-only Models These models excel in tasks that require understanding of the input, such as
sentence classification, and named entity recognition. The use of context-sensitive representations — employing
both the left and the right context of a word — gives them the ability to extract meaningful information
about a sequence. During training, words are randomly replaced with a special [MASK] token, and need
to be predicted using the surrounding context, in what is known as the cloze task. Encoder transformers
learn the probability distribution P(w;|W\;), where W\; = (wq, ..., w1, Wi11, ..., w,). These models remain
state-of-the-art in Natural Language Understanding (NLU) tasks such as those included in (Super)GLUE
[138, 140]. Example models are BERT [27], RoBERTa [80], and DeBERTa [47]. An illustration of the BERT
architecture is given in Figure 2.3.1.

Decoder-only Models This family of models demonstrates excellent performance in generative tasks,
such as text generation. The models learn to predict words in a causal or autoregressive way, similar to the
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Figure 2.3.1: Tllustration of the BERT Architecture. This figure demonstrates the first "pre-training" and
later "fine-tuning" paradigm. During pre-training, some tokens are masked and predicted using the context
of their surroundings. A special Next Sentence Prediction (NSP) objective is also employed. The
contextualized representations are leveraged during finetuning on specific tasks (e.g., MNLI [138], Named
Entity Recognition — NER, and SQuAD [113]). Figure reproduced from [27].

training of RNNs — learning the probability distribution P(w;|w<;). The term "autoregressive" stems from
the way these models generate text one token at the time, which is then fed back to the model as the next
input, in order to generate the following token. They are able to perform all the same tasks as encoder-only
transformers, but might show a small decrease in performance. Additionally, this kind of architecture powers
the modern LLM revolution, with the development of autoregressive models such as GPT-4 [95] and Claude
[2] that dominate the NLP scene and fundamentally transform industry. Example models include the GPT
[15, 110] and Llama [30] families of models.

Encoder-Decoder models These models are also known as sequence-to-sequence (seq2seq) models, and
are good for generative tasks that map an input to an output sequence, e.g., translation and summarization.
Rich contextualized representations are computed for the input sequence by the encoder module, which
are then passed to the decoder part of the model. The decoder leverages these representations and learns
to construct the output sequence by autoregressive next word prediction. The advantage of this type of
architecture is that it can combine the benefits of both encoders — that can understand a sequence and
extract information, and decoders — that can employ this understanding, to generate an output sequence.
The decoder can use a different language or modality than the encoder, and the input and output in general
do not have to be similar — e.g., they can have different lengths, as in summarization. Pre-training can be done
with encoder or decoder objectives, but usually is significantly more complex. The encoder-decoder model
learns the probability distribution P(y;|Encoder(x),y«;) where 2 and y are the input and output sequences.
Example architectures include the original transformer by [137], BART [73], T5 [112] and ELECTRA [23].

2.3.1 Self-Attention

We now introduce the mechanism of self-attention that sits at the heart of transformer models. Static word
embeddings in word2vec [90] can help LMs understand the semantic properties of words and relate them to
one another. However, they do not account for the contezt of words, as a word might have multiple senses, and
its meaning might change dramatically with the surrounding words. The attention layer in the transformer
is a mechanism that helps model compute contextual representations of words, by integrating information
from relevant nearby tokens. By stacking multiple attention layers, we can build incrementally more rich
and meaningful representations. Each layer uses information from the previous layer, and information from
all the other tokens, to derive the representation for the next layer. A visualization of the way that tokens
attend with each other in the transformer is illustrated in Figure 2.3.3.
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We describe formally the attention mechanism. The attention head of the transformer, allows for the repre-
sentation of three distinct roles for each input embedding x; during the attention process. (1) The element x;
can be the one currently considered whose representation we are calculating by comparing it to other inputs.
This role is referred as query. Intuitively, the current token has to define what information from the other
tokens is relevant to it. (2) It can also act as part of the context, denoted as key, when it is being compared
to the current input to assess its similarity to it. We can think of this role as the token demonstrating what
information it has to offer. (@) Lastly, it can act as a value, when it gets weighted and summed in order
to form the next representation of the current element, transmitting in this process the information it con-
tains. These roles are captured with three matrix transformations applied to the representation x;, namely:
W, Wk, Wy . By matrix multiplication, the input x; projected to a different representation space accord-
ing to the role it takes as a query, key or value. To enable parallelization, we compute these representations
for all vectors x; € X at the same time, forming the following equations:

Q = XWQ,K = XWK,V = XWV

Where Q, W, K contain the query, key, and value representations for all the vectors of the input sequence
X in a layer of the transformer. To compute the similarity between two elements x;,x; € X we use the
dot product between the query matrix Q and key matrix K. This product is also scaled by the dimension
of the representations d, to avoid numerical instability issues. We compute now the attention product for a
token x;, by summing the values of the other elements x; weighted by the similarity of x;’s query and the
other tokens key vector representations. This can be done succinctly by calculating the product QKT. These
scores are scaled and a Softmax is applied to produce the final attention score. which is then multiplied with
the matrix V — the collection of all the value vectors, to get a representation for each token. The equation
of the matrix A for the resulting representations of tokens in X is shown below:

T

A = Softmax( Q\i%

VvV

In practice, the attention between the tokens is restricted, according to whether we are training an encoder
or decoder type transformer LM. For encoders, all the tokens are free to attend to all others, but for decoders
each token only attends to previous tokens. To enhance the representation abilities of transformer models,
multi-headed attention is used, where multiple attention heads are computed in parallel, and the output
of all the heads is concatenated to form the final representation. Intuitively, we can think that each head
will specialize towards a specific function. Lastly, a matrix Wy is used to map the concatenated vector of
all the heads, into a representation with the correct shape for the next layer. One important observation
is that the complexity of the attention layer is O(NN?) where N is the sequence length, thus attention is a
computationally expensive process. This has resulted in many efforts to decrease the required computation,
which are summarized in [131].

In Figure 2.3.2 we see the full architecture of the transformer from [137], which is an encoder-decoder originally
implement for machine translation. We notice that apart from the Multi-Head Self-Attention block that we
described in the previous paragraphs, some other critical components are included. LayerNorms are employed
to normalize values and keep them in the required range for learning, and residual connections allow the free
passing of gradients and information from higher to lower levels — avoiding issues of vanishing gradients. An
important observation is that feed-forward layers are at the heart of the computation of the transformer. We
can think of the transformer architecture as a machine that "thinks” using the feed-forward layers, doing
the hard computation, and then this information is disseminated and shared across tokens in the Multi-Head
Self-Attention modules. Lastly, information about the position of tokens is encoded in the transformer by
the summation of content and positional vectors. In the original transformer these were a combination of
sine and cosine functions at different frequencies, but were later proven to be ineffective, and more advanced
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techniques have since emerged [46, 130]. Describing the full complexities and intricacies of the transformer
architecture is outside the scope of this thesis, and we refer to comprehensive resources, such as [63].
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Figure 2.3.2: Illustration of the standard Transformer Architecture [137]. Figure from [131]

2.3.2 Tokenization

We now focus on tokenization, as it is a process at the core of modern LM pre-training, that is often overlooked
and treated as an implementation detail. Modern tokenization focuses on creating efficient subwords, i.e.,
parts of words that will be used at the input and output representation layers of the LM. Each subword
corresponds to an integer that indexes into an Embedding table (i.e., a row of a dense matrix W) to produce the
representation for this subword. This embedding is then inserted into the LM for computation. Conversely,
when the LM makes a prediction it outputs a series of sub-word integers which are then converted back into
a sequence of words.

Tokenization aims to solve a simple problem that modern LMs face — how best to represent linguistic input
for optimal processing. Two extreme ends are either word-level representations, or character-level representa-
tions. Both of them suffer from their own set of issues. When dealing with characters, we have the benefit of
a very small embedding matrix W and thus a reduction in model parameters. Moreover, the relations between
words are accurately represented, as no lexical information is lost. The major issue is that this exercises a
strong limit on the effective context of the model, as characters easily take up the whole sequence length and
are not information dense. On the other end, whole word representations result in a very large embedding
matrix and a waste of model parameters, and dealing with out-of-vocabulary (OOV) words becomes prob-
lematic. To solve these issues sub-word level tokenization emerged — offering a balance between context
length, embedding matrix size, and unkwown word representation. Some recent approaches also focus on
byte-level representations, trying to eliminate the need for tokenization [157].

We also note that tokenization is the cause for many of the issues that current LLMs face, such as the
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Figure 2.3.3: Attention visualization — words are related according to the structure of the sentence. For

example, "law" and "application" strongly relate to nearby words, as they are the central words in their
context. Figure reproduced from [137].

inability to spell words correctly, count the letters in a word, reverse a string, and also issues with non-
English languages. For an interesting study into the possible effects of tokenization that can cause extreme

model performance, we point to this blog post !. Lastly, we give an example of a tokenization scheme in
Figure 2.3.4 — utilizing Tiktokenizer .

once-upon-a-time, -there-was-a-sailor-named:Tom. :-Tom:ha
d-a-big-boat. -He-liked-to-sail-on-the-sea.-0One-day, - To
m-saw-a-little-fish. -The-fish-was-sad.:It-was:lost-and
-wanted-to-go-home.\n

Tom-said, -"I-can-help-you, - little-fish. You:-can-fit-in
-my-boat, -and-I-will-take-you-home."

7454, 2402, 257, 640, 11, 612, 373, 257, 43272, 3706,
4186, 13, 4186, 550, 257, 1263, 8848, 13, 679, 8288, 2
84, 14936, 319, 262, 5417, 13, 1881, 1110, 11, 4186, 2
497, 257, 1310, 5916, 13, 383, 5916, 373, 6507, 13, 63
2, 373, 2626, 290, 2227, 284, 467, 1363, 13, 198, 1378
7, 531, 11, 366, 40, 460, 1037, 345, 11, 1310, 5916, 1
3, 921, 460, 4197, 287, 616, 8848, 11, 290, 314, 481,
1011, 345, 1363, 526

Figure 2.3.4: Ilustration of tokenization using a sample of the TinyStories data [31], and the Tiktokenizer —
an online playground for OpenAl tokenizers. We used the GPT-4 tokenizer.

Thttps: //www.lesswrong.com /posts/aPeJE8bSob6rAFolqg/solidgoldmagikarp-plus-prompt-generation
2https:/ /tiktokenizer.vercel.app/
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2.4. Large Language Models

2.4 Large Language Models

Another advantage of the transformer architecture is the so-called scaling hypothesis, where simply increasing
a model’s size, training data, and compute indefinitely can lead to more gains in performance. Indeed, many
researchers have attempted to map the optimal ways in which to increase and tune these crucial parameters
— discovering interesting scaling laws [65, 50], and these efforts have led the community to create models with
trillions of training tokens and huge model parameter counts, e.g., the recently introduced Llamma 3 models
[30]. An illustration of the relationship between model performance and these scaling variables is illustrated
in Figure 2.4.1. These advances led to the era of Large Language Models (LLMs), such as Claude Sonnet 2]
and GPT-4 [95], that are able to solve various real-world tasks. LLMs have shown remarkable understanding
and reasoning abilities [16, 148, 149], many of which emerge only at very large scales — often referred to as
emergent abilities. This has led to some researchers deeming them as indications of General Al [17]. For
a recent review of LLMs we point to these studies [92, 107, 93]. LLM’s have revolutionized the way that
humans interact with and utilize AI models, disrupting virtually every domain of business and intellectual
labor. The major approach to interfacing with these models is by the use of prompting [20].
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Figure 2.4.1: The performance on Language Modeling (measured by the test loss) improves smoothly, as we
increase the model size, dataset size, and amount of compute. To achieve optimal performance, all three
factors must be scaled up simultaneously. The empirical performance of LMs relates to each parameter
with a power-law — if we apply no constraints to the other two. Figure reproduced from [65].

Issues with current LLMs However, we note that LLMs also come with significant shortcomings. One
emerging issue, recognized by many researchers [128, 48, 76], is the huge energy demands for LLM training,
due to the massive amount of compute and vast GPU clusters required for their development. This raises
concerns about the environmental impact of LLMs as, for example, there are increased CO2 emissions. One
related issue is that of accessibility as training and operating these models requires high-end computational
infrastructures and resources, making research and deployment inaccessible to small academic groups and
industry organizations. This keeps current Al centralized only to a select few tech "giants" and results in
a lack of democracy [114]. Additionally, LLMs are susceptible to attacks, putting the privacy of users at
risk — which is especially important with the adoption of Al in everyday workflows by a general audience
of all ages [18]. Lastly, LLMs diverge from the way humans process and learn language, and their data
demands have been identified as one of the most important ways in which they differ from human learning
constraints [77, 141]. Due to this, these models cannot inform psycholinguistic research, and can’t be used to
learn more about the human language acquisition process. This list of concerns about LLMs is by no means
exhaustive, but highlights some of the issues of the current LM training regimes. This section motivates the
introduction of the next chapter on data-efficient and cognitively inspired LMs, that aim to address some of
the aforementioned issues.

45



Chapter 2. Language Modeling

46



Chapter 3

Cognitively Plausible and
Sample-Efficient Language Models

Contents
3.1 Sample-Efficient Language Modeling . . . . . . .. ... ... ... .. 0. 47
3.2 The BabyLM Challenge . . .. .. .. i i ittt 48
3.2.1 Data Augmentation . . . . . . ... L Lo 50
3.3 Small Language Models . . . . . . . . . i i i it i ittt 52

In this chapter, we summarize efforts in sample-efficient language modeling that emerged as a response to the
trend of continuously increasing model parameters and data sizes in LM training. This direction of research
aims to mitigate the diverse range of issues raised by the modern LLM training regime, outlined previously
in the introduction — Chapter 1, and our survey of language modeling — Section 2.4. We begin by introducing
efficient LMs, focusing on investigations of sample-efficiency and reviewing research in computational linguis-
tics that probes the relationship between the size of training data and model performance (Section 3.1). We
then present the BabyLM Challenge [21, 145, 146] — as it has been one of the major community-led efforts
for sample-efficient and data constraint language modeling (Section 3.2). We give a brief overview of the
different techniques employed as part of the challenge, and touch more upon data augmentation methods,
as they form the backbone of our proposed methodology — explained in Section 4. Finally, we delve into
Small Language Models or SLMs — as opposed to LLMs — and analyze a recent work on story generation
demonstrated by TinyStories [31], that inspired our work (Section 3.3).

3.1 Sample-Efficient Language Modeling

The term "efficient LMs" can have many meanings, depending on the parameter that is being optimized to
achieve efficiency. One line of work aims to reduce the computational demands of the Transformer, the base of
most modern LMs, as the attention mechanism is an expensive operation with a complexity of O(N?) where
N is the sequence length. These approaches propose new modifications to the Transformer architecture, and
we point to a recent survey by [131] for more details. Other areas of improvement include reducing the cost
of finetuning and inference (e.g., LoRA [52]) or the introduction of more efficient pre-training techniques
(e.g., mixed precision [88]). There is also work on creating LMs with fewer parameters (e.g., by knowledge
distillation [121, 59]). Lastly, a range of works seek to optimize the training process by limiting the available
compute, time, or budget. Notable approaches include MosaicBERT [105], and BERT models trained on a
24-hour budget [37, 57] using lower grade servers or consumer GPUs. These methods utilize architectural
modifications, more efficient training objectives, and hyperparameter tuning.
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However, none of the approaches detailed so far focus on training LMs with limitations on the available data,
and this area of research remains relatively unexplored. Recently, some approaches emerged towards this
direction, with the introduction of LTG-BERT [120] — an architecture optimized for low-data regimes, and
community efforts such as the MiniPile Challenge [64]. In a relevant line of work, there has been research
in discovering the relationship between LM capabilities and the size of their training data. We detail these
efforts and how they connect to human linguistic research in the next paragraph.

Work done in BabyBERTa [54] modifies the RoBERTa [80] architecture to never predict un-masked tokens,
and trains a 5M parameter model in a 5M word corpus. They show that this modification allows their
model to acquire grammatical knowledge comparable to the original RoBERTa model. The authors also
investigate the effect of data domain on performance, and underscore the opportunity that LMs possess
for psycholinguistic research. In the study of [144], they evaluate the ability of RoBERTa models to learn
linguistic features with small quantities of data, ranging from 1M to 1B words. They find that while linguistic
representation is acquired early, preference comes later. In [160], the authors investigate the need for billions
of training data, by evaluating different LM abilities as the available data ranges from 1M to 30B words. They
find that 10M to 100M words are enough to perform well on most grammatical and semantic evaluations,
but commonsense reasoning and understanding require a larger amount of data. Inverse scaling laws were
tested in [85], finding that smaller LMs can outperform larger ones in specific problems, and scaling might
not be enough for solving some tasks. Early work by [97] evaluated grammar acquisition from limited input
data for LSTM models. A survey by [141] outlines the possibilities of using LMs to learn more about the
human language acquisition process. The steps towards more human-like linguistic generalization in LMs are
discussed in [77]. Lastly, in Figure 3.1.1 we include results from the experiments of [160], that illustrate how
model abilities scale with training data.
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Figure 3.1.1: Effect of the size pre-training data on various linguistic benchmarks and probing methods.
Classifier and MDL probing test models’ ability to encode linguistic features, BLIMP [143] evaluates
grammatical knowledge, SuperGLUE [138, 140] tests natural language understanding, and LAMA [104]
evaluates factual knowledge. Image reproduced from [160].

3.2 The BabyLM Challenge

The BabyLM Challenge encourages language model pre-training with human-like data limitations. Specifi-
cally, the challenge includes two text tracks: (D) the Strict-Small track, with a 10M word budget, and )
the Strict track, with a 100M word budget. The creation of the challenge was motivated by the shortcom-
ings of the current LM training landscape — such as the vast needs in computation and data — as well as a
desire to provide wide access to LM research, develop performance advances with small datasets that can
be scaled up, and enable collaboration between the cognitive science, psycholinguistic, and Al communities.
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The first iteration of the challenge has already been conducted, and our efforts in this thesis are part of the
second iteration. Below, we summarize some key findings of the first iteration that provide useful insights
and guidance for future endeavors in data constrained language modeling.

Figure 3.2.1 includes a brief overview of the results of the first iteration of the challenge. Some initial
observations are that encoder architectures seem to be in general outperforming decoder architectures. In-
tuitively, we can understand this, as the benchmarks of the BabyLM challenge probe the understanding of
the models (e.g., grammatical, linguistic understanding), in which encoder models excel. This graph also
informs us about the best types of approach to the tracks of the challenge, with architectural modifications
and data augmentation being among the best ones. Moreover, the difference in performance between the
Strict and Strict-Small tracks was not significantly large. This is surprising, given that the training data
has one magnitude of difference between the two scenarios. Another important high-level conclusion is that
many models achieved results close to the Llama 2 [135] model — trained on vastly more data — and to human
performance, for grammatical and language understanding tasks. This suggests that even with human-like
constraints, surpassing human performance will be possible in the future for these models.

The top performing submissions [119, 38| were based on the LTG-BERT architecture [120] — a BERT model
optimized for a corpus of 100M words, combining many architectural improvements in the Transformer. We
can conclude that architecture plays an important role. We note however, that these models were trained
with huge amounts of compute (i.e., same FLOPs as BERT [27]), and the scale of available compute is
another parameter that could be optimized in the future of the competition. A vastly popular approach was
curriculum learning, which did not tend to produce good results — with the exception of the Contextualizer
[153]. Intuitively, sorting the model’s training steps based on some function of data complexity is a valid
approach, as it is commonly applied in educational scenarios and is part of human concept learning. A
compilation of negative results for curriculum learning was demonstrated by [83] whose work comprehensively
explored a large range of strategies in this domain. They found no general improvement from any of the
tested strategies. For the full taxonomy of employed methods and their benefits and drawbacks, we refer to
the challenge proceedings [146]. Next, we explain more extensively the data augmentation methods proposed
for the challenge, since they are more relevant to our methodology in this thesis.
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Figure 3.2.1: Summary of model architectures and approaches employed in the BabyLLM Challenge. The
x-axis indicates the category of methodology that the approach falls is, and the y-axis denotes the model
performance (average score across benchmarks). On the side, the model architectures chosen by the
participants are listed. Figure reproduced from [146].
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3.2.1 Data Augmentation

We start with a general summary of data augmentation methods using language models. LLMs such as
the family of GPT models [15, 16] have increasingly been used for data augmentation across research fields.
Recent studies include work by [25] who introduced ChatGPT as a means of generating realistic text by
leveraging a combination of real and synthetic data. In a similar approach, [155] leveraged GPT-3 [15] to
blend synthetic and original text samples for more robust training data. Moreover, a variety of transformer
architectures including decoder (GPT-2 [16]), encoder (BERT [27]) and encoder-decoder models (BART
[73]) were utilized for data augmentation in the work of [71]. Decoder models have additionally been used
to generate data for training bidirectional encoder models, achieving notable gains in zero-shot learning [87].
Work done by [62] uses modestly sized models, such as GPT-2, to distill a high-quality dataset and model
for text summarization. Interestingly, the models used for creating the synthetic data cannot perform the
summarization task. For a survey of data augmentation methods in NLP we point to [34].

We now move on to approaches for data augmentation introduced as part of the BabyLM challenge. We
begin by the successful method of the Contextulalizer [153], which achieved the best performance in one
of the 100M word text tracks of last year. In this approach, additional training samples are created by
combining text chunks from different contexts and domains. The main idea is that during conventional
training, the documents contained in a batch are fixed, leading to the model to occasionally learn spurious
correlations. Intuitively, a model should be able to predict a word given its relevant context, independently
of other irrelevant words in the batch. The training data is first organized according to age of acquisition and
reading difficulty metrics, and a curriculum learning approach is employed. The model is trained on a final
dataset of 4B words, derived by augmenting the initial 100M corpus, and achieves performance comparable
to its counterpart pretrained on significantly larger amounts of data. Specifically, the model performs on par
with RoOBERTa and BERT on BLiMP. The authors use the architecture and size of RoOBERTa base [80]. An
overview of the approach is included in Figure 3.2.2.

D Math History Politics D Physics D Break (Padding Tokens)

(1) Original Inputs | ‘

/ \ (4a) Context-fixed Padding:

Shuffle the padded (3) and
do not re-pad

(2) Clean (3) Noisy padding: (4b) Context-augmented Padding:
First Portion Shuffle unpadded (1) then re-pad

Figure 3.2.2: The approach used in the Contextualized paper. Here, the concept is illustrated for an
example of four school subjects (Math, History, Politics, Physics). We explain briefly the various methods
of combining data from each domain. Clean padding (2) adds [PAD] tokens in each batch, and doesn’t mix
domains. Noisy padding (3), just fills the batch with data from the next domain. Finally, the
Contextualizer approach (4) shuffles around the noisy padding (4a) and for the best performance, (4b)
shuffles the original inputs at every iteration to form the next batch — joining contexts in diverse positions.
Figure reproduced from [153].
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A second approach that uses data augmentation in the challenge is ChapGPT [61]. In this work, the
authors explore the merits of targeted data augmentation, where regex patterns are leveraged to extract
common phrases from (Super)GLUE tasks. These patterns are then harnessed to create follow-up questions
by utilizing pre-defined templates. These formulations were created with the intend of improving performance
on specific (Super) GLUE tasks, such as QA and sentiment classification. Retrieval-based patterns were used
to extract facts and construct questions and answers, e.g., using Simple Wikipedia articles to augment the data
with questions like "Where is <name> from?", where the corresponding answer was extracted with regex.
Additionally, emotionally charged words (e.g., great, terrific) were annotated with a special sentiment token
and label, to aid emotion recognition. This technique provided some benefits, surpassing the performance of
the challenge baselines. The authors use the DeBERTa architecture [47].

Lastly, Baby’s CoThought [161] uses an LLM (GPT-3.5-Turbo) to reformat sentences with no semantic
relation into coherent paragraphs. This approach enables the formation of better training examples for LMs,
improving performance on grammatical understanding (BLiMP). We note that this method utilizes an LLM
and thus falls outside the Strict and Strict-Small restrictions of the challenge. However, it improves
sample efficiency and provides information about which data is suitable for SLM supervision. The LLM acts
as a "teacher" using Chain of Thought (CoT) [147] to reformat the training data and enrich learning for the
"student" SLM. Essentially, for each collection of sentences the LLM picks an NLU task type and then creates
a set of plans to format the sentences into a paragraph. An automatic scoring mechanism (LLM-based) is
employed to select the best plan. Finally, a paragraph is generated for the specific NLU task, along with the
corresponding label. The paragraph and plan are used to augment the pre-training corpus. The labels are
discarded, but this "taskification" helps create a coherent narrative. The authors train the LM like RoBERTa
[80] — outperforming the original model on some of the benchmarks. Figure 3.2.3 illustrates this approach.

@ LLMs: Today we’ll learn...

Use the given sentences to create an example paragraph of an Intent Classification
Natural Language Understanding task and its corresponding labels.
The 5 sentences are: 1. As papa was crossing the street he fell into

aworkman's ditch and met mr fixit. 2. Sir Colin, do you fancy a little
excursion? 3. Erm if the choice is between securing er your er Paragraph:
securing your own state. 4. As the opening music plays and this
flings aside, you emerge. 5. You know, Lucho, this thing about

informants is they're kept on a short leash. Sir Colin turns to Lucho and asks, "Do you fancy a littie
excursion?" Lucho responds, "Erm if the choice is

between securing your own state..." Sir Colin interrupts

/ \ with a chuckle, "I suppose that's true. But think about it,

it could be quite an adventure." Lucho shrugs and says,
"Sure, why not. Any ideas?" As they continue discussing
the possibilities, Lucho adds, "You know, this thing about
informants is they're kept on a short leash.” The
conversation comes to an end as the opening music for
a show starts to play and Lucho prepares to go on
stage.

Plan 1: Plan 2:

Use the given sentences to create
a paragraph about a conversation
between two people discussing a
possible excursion. Label the

b . intents of asking for an opinion,
intent, and sentiment

! expressing uncertainty, starting a
in the paragraph. conversation, and discussing a
K potential activity.

Combine the given
sentences to create a
paragraph. Identify
the named entity,

Score: 8.0

_Inlam Classification II
I N
. ;

D, 0
~—— s+ BabyLM: Oh!lsee!

Figure 3.2.3: Overview of the approach applied in Baby’s CoThought. Natural Language Understanding
(NLU) examples are generated from unrelated sentences in the corpus using the aid of an LLM and CoT
prompting. The data is formulated in a [reason] + [example] format, and a plan created by the LLM along
with the example paragraph are used for augmentation of the pre-training corpus. Figure from [161].
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3.3 Small Language Models

A line of work related to sample efficiency is recent investigation on the performance of Small Language
Models (SLMs). We note here that, as illustrated by the findings of the BabyLM challenge, model size
does not necessarily need to be scaled down when models are training on considerably limited data (<100M
words). For example, the LTG-BERT [120] architecture has the same number of parameters as BERT [27]
and many approaches used the RoOBERTa model [80] with ~ 125M parameters. Here we detail work on
SLMs, that is distinct from the BabyLM challenge. Early work in [122] challenged the prevailing notion
that tremendous model sizes are necessary for increased performance, showing that few-shot performance on
SuperGLUE [140] close to that of GPT-3 can be achieved by models with three orders of magnitudes less
parameters. This finding is supported by work in sequential recommendation systems, that utilizes SLMs
for task-specific applications [154]. Additionally, [10] employ a pre-trained frozen LLM for the encoding of
prompt tokens, that can aid a smaller LM in efficient and effective response generation. For a recent survey
of SLMs we point to [94]. Next, we introduce the work of TinyStories that is one of the main influences of
our methodology, described in Chapter 4.

The seminal work of TinyStories [31] showed that SLMs (e.g., ~33M parameters) with the GPT-Neo [12]
architecture can achieve impressive generative abilities. Specifically, these models are able to generate story
continuations that are of both high quality and novelty. The authors measure generation quality by prompt-
ing an LLM (GPT-4 [95]) and asking it to score generations in terms of Grammar, Creativity, and Consistency
with the story’s beginning and plot. We also adopt this evaluation procedure for our own models in Sec-
tion 5.2.2. Additionally, the generated stories were shown to be distinct from the training set of the models.

The core idea responsible for the success of the method, is the creation of a synthetic training dataset, using
GPT-3.5 and GPT-4, that preserves all essential elements of language, but has limited vocabulary and simple
plots and themes. This is in contrast to the diverse LLM training datasets, whose complexity might confuse
models, degrading generation quality. The LMs learned to generate grammatically correct and creative text,
demonstrating abilities superior to those of models trained with vastly more parameters. An illustration of
this comparison is provided in Figure 3.3.1. The findings of TinyStories have also inspired subsequent work
on a larger scale. Notably, phi-1 and phi-1.5 are 1.3B parameter models |75, 43| trained on a 7B dataset of
textbook-quality, cementing the notion that with respect to data, quality is more important than quantity.
Specifically, they achieve state-of-the-art performance on Python coding tasks, and compete with models
that are 5x larger, and are trained on two orders of magnitude more data.

Prompt Tom and Jane are friends. One day, Jane goes to Tom’s house. Tom has a big pot of soup. He wants to
share it with Jane. “Jane, do you want some soup?” Tom asks. “Yes, please. It looks yummy,” Jane says.
Tom pours some soup into two bowls. He gives one bowl to Jane. Jane takes a spoonful of soup, but then
she makes a face. The soup is

Completion by GPT2-XL  too old. Tom scowls.
(1.5B parameters) “Don’t be that way! Your soup has to be fresh like your daughter,” Tom says, angry and disappointed.
“Bring me some more,” Jane cries. “No! Go away, I like my soup old and fresh!”

Completion by a 28M-  very bitter. She does not like it. She says, “I don’t like this soup. It is too bitter.”

parameters model trained Tom is sorry. He says, “I'm sorry, Jane. I didn’t know you don’t like bitter soup. I will make you something

on TinyStories else.” He looks around the kitchen and finds some bread and cheese. He puts them on the table and says,
“Here, Jane. You can have some bread and cheese. They are not bitter. They are sweet and yummy.”
Jane is happy. She says, “Thank you, Tom. You are a good friend. I like bread and cheese. They are not
bitter.”

Figure 3.3.1: For a prompt corresponding to the beginning of a story, we compare completions for an 28M
parameter model trained on TinyStories and GPT2-XL with 1.5B parameters. We see that the larger
model generates an essentially nonsensical response, while the 28M model manages to complete the story in
a grammatical and coherent way. Figure reproduced from [31].

In the next chapter (Chapter 4), we introduce our methodology that is based on data augmentation using
the TinyStories dataset [31], and is published as part of the second iteration of the BabyLM Challenge [21].
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In this chapter, we formally introduce our methodology for data augmentation using synthetic story data
[132]. Our efforts focus on sample-efficient language pre-training in a constrained data setting, mimick-
ing the linguistic environments that children experience during development. This work follows the set-
ting of the BabyLM Challenge [141, 21, 146|' which consists of two experimental text tracks: (D the
Strict-Small track, with a budget of 10M words, and (2) the Strict track with a budget of 100M words.
We refer to these specific scenarios throughout the following sections, conducting a separate investigation
with different training configurations for each one independently.

This framework is also described in our paper [132] published as part of the 2nd iteration of the BabyLM
challenge, the shared task at CoNLL 2024. Our work is titled: "BERTtime Stories: Investigating the Role of

Lhttps://babylm.github.io/
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Synthetic Story Data in Language Pre-training”. To support research in the area of data constraint language
modeling, we publicly release our implementation and models 2.

Throughout the following sections, we thoroughly explain our methodology, starting from the employed
datasets (Section 4.2), expanding on the data generation process (Section 4.3), the evaluation procedures
used to assess the performance of our models (Section 4.4), and finally a description of all the necessary
Language Model (LM) components of our methodology (Section 4.5), devling into the model architectures,
the finetuning process, the sampling methods used to generate data, and Masked Language Model (MLM)
zero-shot scoring techniques.

4.1 Overview

Our research draws inspiration from recent developments in Small Language Models (SLMs) for text gener-
ation, as demonstrated in [31]. In this seminal work, the authors introduced TinyStories, a dataset of sort
stories, with simple language and vocabulary, which is in the level of understanding of 3-4 year old children.
By training GPT-Neo [12] decoder transformer models on this dataset, and prompting them with a story’s
beginning, they were able to produce high quality generations.

Specifically, the generations were evaluated in terms of grammar, coherence, and consistency with the story’s
plot and beginning, and were demonstrated to be novel with respect to the training set of the models.
We hypothesize that harnessing the generative abilities of SLMs trained on TinyStories for high quality
data augmentation of a pre-training corpus, would allow models trained on it to experience new linguistic
contexts and syntactic variations. This would in turn improve language understanding, compared to using the
initial data alone. To test our hypothesis, initially we extend work by [31], investigating the generative abilities
of decoder transformer GPT-Neo models trained on small subsets of the TinyStories dataset. The decoders
are then adapted for the augmentation of a pre-training corpus, on which we train encoder transformer
models and evaluate their linguistic abilities. Our approach is illustrated in Figure 4.1.1. Below, we describe
in more detail each of the steps of our methodology.

Data Generation using TinyStories In order to conduct our experiments, we need to adapt the TinyS-
tories dataset to our low resource scenarios, as the size of the original dataset (approx. 440M words) ex-
ceeds the challenge limits for the Strict-Small (10M) and Strict (100M) tracks. For this reason, first
we create subsets of TinyStories, varying the amount of available data. Specifically, we use subsets of
{5, 10, 25,50, 75,100} M words. We then leverage the subsets to train GPT-Neo models and assess their gen-
erative and linguistic capabilities as a function of data size, keeping the model architecture and all other
training conditions constant. Our exploration of generative performance complements the original study,
which examines the impact of adjusting the depth and size of the model architectures. Our results show that
even with limited data of < 100M words, GPT-Neo models can develop remarkable grammatical comprehen-
sion and produce stories of notable quality and variety, comparable to those generated by models trained on
the entire dataset.

Data Augmentation for Encoder Training We next concentrate our efforts in measuring the effect
of data augmentation with synthetic story data in language pretraining. For each of the Strict and
Strict-Small scenarios, we select a TinyStories subset — denoted as Diiny, and employ it to train a GPT-
Neo decoder model. For each story in the training set Dy,y, we use the decoder to generate alternative
completions to the story’s beginning. This way, we create a dataset of synthetic stories — Dgen.

In order to measure the effect that Dge, has on the linguistic proficiency of pretrained language models,
we train an encoder-transformer model on a diverse corpus, and compare performance with and without
the use of generated data. To create the corpus used for training the encoder, we also utilize a subset of
the BabyLM dataset (Dpany) [145] — a diverse set of texts with an emphasis on spoken language. Finally,

2https://github.com /nikitas-theo/BERTtimeStories
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a combined corpus is created, comprising the concatenation of three datasets: (D) the TinyStories subset
used to train the GPT-Neo model (Diiny), @ the data generated by the decoder (Dgen), @ a subset of the
BabyLM dataset (Dpaby). Formally, the combined dataset is constructed as Deomb = (Dtiny, Pbaby, Pgen)-
We train encoder transformer models on Doy, and measure their grammatical proficiency, world knowledge,
and general language understanding. For the encoder, we use the LTG-BERT [120] architecture, which has
been optimized for small data regimes.
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was very nice. Tim wanted to play with
the tiger. He said, "Hi, tiger! Let's play!"
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sad. He wanted to find a way to make
the tiger happy. Tim had an idea. He
found a ball and threw it. The tiger saw
the ball and started to play ...
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Figure 4.1.1: Illustration of our proposed methodology. We leverage a subset of the TinyStories dataset
(Dyiny) from [31] to train a decoder transformer for data augmentation. Short stories from Dyip, are used to
prompt the decoder, which then generates an alternate completion to form a new dataset (Dgen). Each
story (green) is partially truncated and provided as a prompt (yellow), with the model producing an
alternate completion (blue). We further enhance the two datasets with a portion of the BabyLM dataset
(Dyaby), provided by [21], and train an encoder transformer on the combined data. Finally, we assess the
linguistic proficiency of the encoder using the challenge benchmarks. Figure adapted from [132].

4.2 Datasets

For our work, we utilize two datasets: the BabyLM dataset — Dy,py, a diverse set of texts with an emphasis
on spoken language, and the TinyStories dataset — Dyiny, a colection of sort stories with simple language.
We explain in detail the contents and properties of these datasets in the following paragraphs.

4.2.1 BabyLM Dataset — Dyapy

The BabyLM Dataset (Dpaby) was introduced for the purposes of the BabyLM Challenge [145, 21, 146],
to be a developmentally plausible pre-training corpus for language modeling. Thus, it aims to mimic the
linguistic environment that children experience while learning to speak. It contains a high proportion of
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spoken language, since most input that children receive is spoken. It is also limited in its size, being under
100M words. This second restriction is motivated from the fact that children are exposed to 2M-7M words
per year [42], resulting in no more than 100M words of linguistic input by 13 years of age. Two versions of
the dataset were released, corresponding to the two experimental tracks of the challenge: a 10M word dataset
for the Strict-Small track, and a 100M word dataset for the Strict track. We describe the structure of
the datasets in Table 4.2.1.

Dataset Domain # Words
Strict-Small Strict
CHILDES [81] Child-directed speech 2.84M  28.90M
British National Corpus (BNC), dialogue portion '  Dialogue 0.93M 7.76M
Project Gutenberg (children’s stories) [8] Written English 2.54M  26.3TM
OpenSubtitles [78] Movie subtitles 2.04M  19.96M
Simple Wikipedia, 2 Written Simple English 1.45M 14.67M
Switchboard Dialog Act Corpus [127] Dialogue 0.15M 1.34M
Total 9.95M 99.01M

Table 4.2.1: Contents of the BabyLM datasets for the Strict and Strict-Small tracks, including the
domain and word counts. ‘http://www.natcorp.ox.ac.uk/, Zhttps://dumps.wikimedia.org/simplewiki/20241001/.

The BabyLM dataset comprises 6 diverse datasets, we briefly explain their scope and contents below:

e CHILDES: The Child Language Data Exchange System, is a multilingual dataset, featuring tran-
scriptions of adult-child interactions from various researchers, conducted in different environments:
from controlled laboratory settings, to at-home conversations. Specifically, we use a further processed
version of the dataset, released by [53] that contains interactions exclusively with children who speak
American English and have an age from 0 to 6 years.

e British National Corpus (BNC), dialogue portion: the BNC is a highly curated, publicly avail-
able monolingual English corpus, made to accurately represent 20th century English. We use the
transcribed speech part of the corpus, which corresponds to 10%, and contains a variety of spoken
language, including radio shows, phone calls and business meetings.

e Project Gutenberg (children’s stories): This dataset was compiled manually, and consists of
handpicked children’s stories from the publicly available Project Gutenberg [39], suitable for young
audiences. In the original work, the stories were used for a multimodal interactive story creation
system, implemented as a collaboration between humans and models.

e OpenSubtitles: this dataset consists of publicly available subtitles from TV and movies, featuring a
collection of parallel corpora. For our experiments we make use only of the English portion.

e Simple Wikipedia: a simple English language version of Wikipedia, written in a language easy to
understand, while still being natural and grammatically correct. The articles feature shorter sentences
and easier words and grammar, compared to the standard English Wikipedia.

e Switchboard Dialog Act Corpus: a collection of transcribed speech, taken from telephone conver-
sations between strangers. The participants had an open-ended discussion about a topic chosen from
an automatically generated list.
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4.2.2 TinyStories Dataset — Dyiny

The TinyStories dataset (Dyiny ), introduced in [31], is a synthetic dataset, consisting of a collection of short
stories, constructed by prompting GPT3.5 and GPT-4 [95]. The dataset was created to preserve all the
essential aspects of natural language, such as grammar, facts, and reasoning, but limited in scope and variety.
The dataset features sort stories that are 2-3 paragraphs long with a reduced vocabulary, and simple plots
and themes. Overall, the dataset was created to be on the level of understanding of 3-4 year old children.

Initially, the dataset was employed by the authors to enable Small Language Models (SLMs) with the GPT-
Neo [12] architecture, to generate text of high quality and novelty. The reduced breadth and complexity
of the dataset, enabled SLMs to produce fluent and consistent stories, outperforming models with vastly
more parameters. The first version of the dataset (V1), generated by both GPT-3.5 and GPT-4, contained
approximately 373M words. Later, a second version of higher quality was released (V2), containing around
440M words, and generated solely by GPT-4. For our experiments, we use only the second version of the
dataset — 440M (V2), but we occasionally report results for the model trained by [31] on the initial version
of 373M words (V1). An example of a story from the dataset is included in Table 4.2.2.

Once upon a time, there was a reliable otter named Ollie. He lived in a river with his family. They
all loved to play and swim together. One day, Ollie’s mom said, "Ollie, hurry and get some fish for
dinner!" Ollie swam fast to catch fish. He saw his friend, the duck. "Hi, Ollie!" said the duck. "Hi,
duck!" said Ollie. "I need to hurry and catch fish for my family." While Ollie was catching fish, he
found a big shiny stone. He thought, "This is not a fish, but it is so pretty!" Ollie took the shiny
stone home to show his family. They all looked at the shiny stone and smiled. The shiny stone made
everyone happy, and they forgot about the fish for dinner.

Table 4.2.2: A story sampled from the TinyStories dataset generated by GPT-4 (V2). The stories, as we
notice here, often contain unexpected twists. We also observe the simple plot and vocabulary.

4.2.3 Remarks

We note that the methodology of our work is not exclusively applicable to the previous two datasets. However,
there are particular qualities that the selected datasets possess, that make them desirable for our data
augmentation approach. The choice to include the BabyLM dataset was made by taking into account its
diversity, and it’s specific design for human-like language pretraining. In the previous iteration of the BabyLM
Challenge, training was limited exclusively to the BabyLM dataset. Nevertheless, a few approaches managed
to outperform the challenge’s baseline models with orders of magnitude more data (RoBERTa [80], T5 [112],
OPT [159]). Even though the BabyLM Dataset has proven to be a beneficial dataset for small data pre-
training, experimentation with more highly curated datasets, e.g., the BNC Corpus, is promising future work.
Indeed, the BNC dataset was recently used to develop the LTG-BERT architecture [120], which is optimized
for small data regimes of around 100M words.

Additionally, the TinyStories dataset was chosen because of its simple language and small vocabulary, which
were shown to be key factors in enabling high quality generations at small scales of both training data,
and model parameters [31]. With regard to generative performance, diverse and complex text can confuse
models, degrading generation quality. However, we envision augmentation in datasets with similar properties
as TinyStories, particularly those containing spoken language, or simple English (e.g., Simple Wikipedia).
The above analysis, demonstrates that our proposed techniques are not limited to the selected datasets, and
are generally applicable in a wider setting.
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4.3 Sort Stories for Data Augmentation

In this section, we detail the creation of the synthetic story dataset Dgen, which is central to our data
augmentation method — depicted in Figure 4.1.1. During the following paragraphs, for a dataset Dgata We
denote a version of the dataset with m millions of words as Dgata-m-

4.3.1 Data Generation Process

The process of creating the synthetic story dataset Dgen, begins by training a decoder transformer model on a
subset of the TinyStories dataset — denoted as Diiny-m. For our experiments we use the GPT-Neo architecture,
but our methodology can be applied to any generative autoregressive LM, e.g., the Llama family of models
[30]. We employ conventional causal LM training methods, following the work of [31]. The stories in the
training dataset Dyiny are then truncated to create prompts, which are given as input to the GPT-Neo model
in order to generate alternate completions.

One crucial parameter that we need to configure, is the size m of the subset Diny-m. Given that we operate on
the stringent data constraints of the Strict (100M) and Strict-Small (10M) tracks, careful consideration
is required when allocating part of our word budget. To choose the right size m for the TinyStories subset,
we take into account two key factors: (a) the need to maintain high-quality generations from the decoder
models, and (b) the need to achieve sufficient diversity in the final corpus (Deomp ). As mentioned previously,
our end goal is data augmentation, and the final encoder transformer training corpus will consist of: sort
stories in Dyiny-m, the generated data Dgep, and a subset of the BabyLM dataset Dyany-1, With size b. Given
data limitations, balancing the proportions of the different datasets composing the combined corpus Dcomt
is critical for the success of our data augmentation method.

More concretely, based on the assumption that generation quality scales with dataset size, our goal is to
choose a large enough size m for Diiny-m to support high-quality outputs from our models. At the same
time, we need to reserve enough of our word budget to incorporate a significant portion of the BabyLM
dataset into the final encoder training set. This balance ensures that our encoder models are exposed to
both a wide range of vocabulary and a diverse set of linguistic contexts. Intuitively, we seek to ensure that
our pre-training data is varied, as children learn from multiple sources of input — this is also reflected in
the makeup of the BabyLM dataset (Section 4.2.1). Training only on simple stories will critically limit the
vocabulary and linguistic variety to which we expose our model.

To address this tension between conflicting demands for the size m, we draw samples from TinyStories and
construct a collection of subsets with various sizes, which we denote as Dyiny.m : m € {5, 10,25, 50, 75,100} M
(millions of words). For each subset, we then train a GPT-Neo model and assess its generative and linguistic
capabilities. Our evaluation process employs metrics related to grammatical proficiency, diversity, and gen-
eration quality, which are detailed in Section 4.4. Based on these evaluation metrics and the aforementioned
criteria, for both the Strict and Strict-Small tracks, we select a specific subset Diiny-m along with its
corresponding GPT-Neo model, to be used for data augmentation. In order to create the synthetic story
dataset Dgen, each story in Dijyy-m is truncated to 15%-30% of its original length, and the shortened version
is used to prompt the model, which then generates an alternate story completion. Our choice to use a smaller
portion of the story is motivated by a desire to avoid duplication, as the stories in Dyiny-m Wwill already be
part of the combined corpus used to train the encoder transformer.

To construct Dy, we employ different sampling techniques. Specifically, we use greedy decoding, and nu-
cleus sampling [51]. Greedy decoding is a simple decoding strategy, that will demonstrate the underlying
maximization objective of our models, as seen in their token probability distribution. Intuitively, this will
produce the most likely generation under our model. If even with maximization based decoding, our models
can produce novel and diverse completions, it is a strong sign that they are not simply memorizing their
training set. It was also the default method used in [31] for most of the generated stories. After establishing
performance with greedy decoding, we move to more advanced techniques like nucleus sampling, which was
introduced to alleviate problems in open-ended generation tasks, like sort story generation. The different
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generation methods used for our experiments are introduced in Section 4.5.3.

Additionally, nucleus sampling gives us the option of producing more than one completion for each story.
This will increase the size of Dge, and the available training data for the encoder models and is beneficial
for language learning, provided that the different completions for the same story are diverse enough. For
each story prompt in Diiny we produce k completions, in an effort to maximize the benefit of our data
augmentation method. In order to minimize redundancy among the k& completions, and prevent inefficient
use of FLOPs, we leverage the Self-BLEU score, which is a measure of diversity of a generated corpus. For
various values of k, we calculate Self-BLEU and select those values that best balance diversity with the total
volume of additional training data.

4.3.2 Final Corpus Creation

In the previous paragraphs, we explained the construction of the subset of TinyStories Dyiny-m and the
generated stories dataset Dgey. In order to form the final combined dataset Deomp, used to train the encoder
transformer, we need to include a portion of the BabyLM dataset, denoted by the subset Dyapy-1, With size b.
As shown in Section 4.2.1, the dataset contains a diverse set of texts, with a variety of different domains. To
ensure a fair representation of each set, we sample randomly at the document level from the whole dataset.
We leave content-aware sampling methods for future work. The final combined dataset is constructed by
concatenating the three dataset, Doomb = (Dtiny-m, Pbaby-b; Dgen). T train the encoder transformer we use
a Masked Language Modeling objective, and we leverage the LTG-BERT architecture [120].

The combined size of Dyapy-t, and Diiny-m is limited by the data constraints in each track. Specifically, for
the Strict task we impose that b + m < 100M and for the Strict-Small task b +m < 10M. We note
that the track restrictions do not apply to the dataset Dgen, as the data used to train the GPT-Neo models
and generate stories, are all contained in Dyy,y,. Intuitively, the 10M / 100M word budget applies to a closed
system, where any model and procedure can be implemented, such as augmenting the training dataset with
more words, as long as no additional data enters the system. In the same manner, we image that as a child
learns to speak, conversations are replayed in the human brain in a slightly altered form, e.g., imaginary
interactions as presented in dreams. This does not mean that the child is receiving any additional linguistic
input.

4.4 FEvaluation Procedures

In this section, we detail the evaluation metrics and benchmarks used to assess the performance of our
models. For evaluating the performance of the encoder transformer models, we leverage the evaluation
suite of the BabyLM challenge [21], consisting of three benchmarks: BLiMP and its supplement (Supp.),
(Super)GLUE, and EWoK, each broadly measuring language proficiency, general language understanding,
and world knowledge. For the decoder transformer models we employ EWoK and BLiMP as well as some
additional evaluation schemes, targeted towards measuring generation quality and diversity. Specifically, to
measure the quality of the generated text of our models we use an LLM-assisted evaluation, and to measure
diversity we harness the Self-BLEU metric.

We note that the challenge benchmarks — BLIMP, EWoK, and (Super)GLUE — constitute filtered versions,
preventing the comparison of our results with prior evaluations on the full data. Specifically, for the purposes
of the BabyLM challenge, evaluation examples with no lexical overlap with the Strict-Small pretraining
corpus were filtered out [146]. The purpose of this process was to mitigate the confounding effect caused by
the language style of many NLP tasks not being well aligned with the pretraining corpus that was developed
for the challenge, i.e., the BabyLM dataset.

4.4.1 BLiMP

The Benchmark of Linguistic Minimal Pairs (BLiMP) was introduced by [143], as a set of tasks for evalu-
ating the linguistic knowledge of Language Models (LMs) on key grammatical phenomena in English. The
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benchmark covers various grammatical phenomena, in syntax, morphology and semantics. Each benchmark
example consists of a pair of minimally different sentences, and the model under evaluation needs to assign a
higher probability to the grammatically correct sentence in each pair. To measure performance, we calculate
the binary accuracy over all pairs. The tasks in BLIMP are zero-shot, with no added finetuning or training
required for evaluation. The benchmark consists of 67 datasets with 1000 minimal pairs each, automatically
generated by grammar templates constructed by linguists. The examples are further organized in 12 gram-
matical phenomena. We present a concrete sample from the dataset in Table 4.4.3 and a brief description of
the 12 tested phenomena is included in Appendix D.2. For a detailed analysis of the full set of paradigms
evaluated in BLIMP we refer to [143]. For our evaluation, we also employ BLIMP Supplement (Supp.),
released by the challenge organizers [145], and containing some additional grammatical phenomena.

Sentence sy | Those mice haven’t vanished. | correct

Sentence sg ‘ Those mice hasn’t vanished. ‘ wrong

Table 4.4.3: An example from the BLIMP benchmark. The sentence pair illustrates the phenomenon of
Subject Verb Agreement: subjects and present tense verbs must agree in number. For a correct response,
the model needs to assign higher probability to the correct sentence (s1), i.e., P(s1) > P(s2).

BLiMP has been used previously to measure the grammatical performance of models at small scales, including
the 5M word BabyBERTa model [54] and the 100M word LTG-BERT [120]. It was also included as an
evaluation benchmark in both iterations of the BabyLM challenge |21, 145]. Work in [160] also used BLIMP
to measure the evolution of the linguistic knowledge of RoOBERTa models, as the quantity of their training
data increases, demonstrating that 100M words is enough to reach a plateau on the benchmark and achieve
good performance on most grammatical phenomena.

4.4.2 EWoK

The Elements of World Knowledge (EW0K) is a benchmark recently introduced by [55], as a cognition-
inspired framework aiming to evaluate basic world knowledge in LMs. The creation of the benchmark is
motivated by the crucial role of world model building and manipulation in human intelligence, which is also
essential for a general-purpose Al agent. The benchmark assesses the ability of models to correctly match
a target text with a plausible context across various knowledge domains, including social interactions (e.g.,
help/hinder) and spatial relations (e.g., left/right). Each example contains two pairs of contexts and targets,
and the evaluated system needs to assign each target to the correct context. Both the contexts and targets
are formulated as minimally contrasting pairs, with customizable elements like objects, agents, and locations.
A comparison of the performance of large language models and a human study, reveals that current models
perform, overall, worse than humans. Thus, this benchmark offers promising opportunities for research into
improving the world modeling abilities of LMs. Like BLiMP it also involves zero-shot tasks, with no required
model finetuning.

Each item of the framework, consists of two minimal pair of contexts, C; and Cs, and two minimal pair
target sentences T; and Tp. The pairs are constructed such that in any item, P(T1|C1) > P(T1|C2) and
P(T5]Cy) < P(T3|C2), in order to force the model to rely on context when making a decision. The metric
for correctness of a given item is the recovery of the designed item structure, i.e., P(T1|Cy) > P(T1|C2) and
P(T»|C1) < P(T3|Cs). Identification of both matches yield a point of 1.0, while identification of only one
match yields 0.5 points. For scoring, the token-level LM probability log P(T|C) is calculated. An example
of an item from the framework is presented in Table 4.4.4. We report accuracy across all tasks.
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Ch The piano is in front of Ali. Ali turns left.
Co The piano is in front of Ali. Ali turns right.
Ty The piano is right of Ali.

Ty The piano is left of Ali.

Table 4.4.4: A sample of an evaluation item from EWoK.

4.4.3 (Super)GLUE

The General Language Understanding Evaluation (GLUE) benchmark [138], is a widely used benchmark,
measuring the performance of LMs in Natural Language Understanding (NLU). It consists of a variety of
NLU tasks with limited training data, in order to support and promote models that share general linguistic
knowledge across tasks. Although it was initially a challenging benchmark suite, state-of-the-art LMs quickly
advanced and surpassed human non-expert performance on GLUE, leading to the introduction of SuperGLUE
[140], a more difficult set of NLU tasks. In contrast to the previously introduced benchmarks — BLIMP and
EWOoK - evaluating on GLUE requires model finetuning. To train our models, we use the evaluation procedure
of the BabyLM challenge, employing a filtered training set and a validation set to select the best model. We
then report final performance on the validation data. More info on finetuning for Masked Language Models
(MLMs) can be found in Section 4.5.2.

All the tasks in (Super)GLUE are framed as text classification. We leverage a set of 10 tasks from both
benchmarks, covering various categories, specifically: question answering (BoolQ, MultiRC), sentiment clas-
sification (SST-2), paraphrasing (MRPC, QQP), grammatical acceptability (CoLA), commonsense reasoning
(WSC), and entailment (MNLI, QNLI, RTE). To assess performance on (Super)GLUE we average the ac-
curacies across all tasks except for QQP and MRPC, for which we use the F1l-score, and CoLA, where the
Matthews Correlation Coefficient [84] (MICC) is employed. We include an example for the BooL.Q task in
Table 4.4.5. A brief description of each of the employed tasks in (Super)GLUE is given in Appendix D.1.

Question ‘ Passage ‘ Label
is elder scrolls | The Elder Scrolls Online — As with other games in The Elder Scrolls series, 1
online the same | the game is set on the continent of Tamriel. The events of the game occur a

as skyrim millennium before those of The Elder Scrolls V: Skyrim and around 800 years

before The Elder Scrolls III: Morrowind and The Elder Scrolls IV: Oblivion.
It has a broadly similar structure to Skyrim, with two separate conflicts pro-
gressing at the same time, one with the fate of the world in the balance, and
one where the prize is supreme power on Tamriel. In The Elder Scrolls Online,
the first struggle is against the Daedric Prince Molag Bal, who is attempting to
meld the plane of Mundus with his realm of Coldharbour, and the second is to
capture the vacant imperial throne, contested by three alliances of the mortal
races. The player character has been sacrificed to Molag Bal, and Molag Bal
has stolen their soul, the recovery of which is the primary game objective.

Table 4.4.5: An evaluation sample for (Super)GLUE, taken from BoolQ, a question answering task. The
model is tested on binary classification, and needs to answer a true / false question based on the given
passage. The label of "1" indicates that in this example, the answer is true.

4.4.4 Self-BLEU

When measuring the generative abilities of LMs, one important dimension is the diversity of the model
responses, i.e., how much variation do the model generations exhibit. To assess the diversity of the stories
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generated by the decoder transformer models, we leverage the Self-BLEU score, introduced by [163]. Self-
BLEU is based on the popular BLEU metric [98], originally introduced in the context of machine translation,
which operates by calculating the n-gram precision between a generated text and a set of references, for
various sizes of n. Shorter outputs are also penalized through a brevity penalty, and the final score is in the
range [0, 1].

To calculate Self-BLEU, for a collection of generated texts, we compute BLEU treating one text as the
hypothesis and the rest as references, effectively measuring the similarity between the selected text and all
others. Self-BLEU is then defined as the average of the BLEU scores across the whole corpus. The metric,
like BLEU, lies in [0, 1] with higher values indicating lower diversity. Self-BLEU has been widely used as a
measure of diversity [51, 1, 139].

4.4.5 LLM Evaluation

Assessing the quality of outputs in open-ended generation tasks is difficult because standard evaluation
methods typically expect structured outputs and measure fidelity against a set of reference texts. To overcome
this, we use the evaluation approach suggested in TinyStories [31], where an LLM is prompted to evaluate
the stories generated by the models. Specifically, we inform the LLM that a student has completed a short
story, and it has to assess the student’s performance on a scale from 1 to 10 along three axes: Grammar,
Creativity, and Consistency with the beginning of the story and the plot, giving a separate rating for each.
Additionally, we ask it based on the student’s response, to classify them in different age groups, ranging from
3 to 16 years old. For our experiments, we leverage Claude Sonnet-3.5 [2] and a sample interaction with the
LLM is included in Appendix B.

4.5 Language Models

In this section, we include necessary information and background knowledge regarding the decoder and en-
coder LMs central to our methods. We explain in detail the chosen model architectures, the finetuning
procedures, and the employed decoding strategies for generating samples. This section is meant to comple-
ment Chapter 2, with more details about the specific language modeling techniques employed in our setting.

4.5.1 Language Model Architectures

We give a brief description of the chosen model architectures for our methodology, and highlight the motiva-
tion for their selection. We note that in general our framework is model agnostic, with the only assumption
being the use of generative LM for data augmentation — however, the generative LM need not be autoregres-
sive, as long as it can produce continuations to a given story.

GPT-Neo For the decoder transformer model trained on TinyStories we choose a GPT-Neo architecture
[12], following [31]. GPT-Neo is an open-source GPT-like autoregressive LM architecture. It largely follows
the architecture of GPT-3 [15] with some notable differences. The authors used rotary embeddings [129], a
form of static, relative positional embeddings, where the attention of a token at position n to a token at
position m is linearly dependent on m — n. Additionally, the model features a different initialization, and
there are no sparse layers. We point to the original paper by [12] for more details.

LTG-BERT The LTG-BERT architecture [120], was developed to showcase the effects of training an
LM in a small but well curated 100M word corpus for English— the British National Corpus (BNC). The
authors managed to outperform the original BERT model, using the same compute budget, and in the process
evaluated several training objectives and variants of the model architecture. These efforts resulted in the
LM architecture of LTG-BERT, optimized for small data pretraining. A simplified representation of one
attention layer in the model is illustrated in Figure 4.5.2.

In designing the architecture, the authors diverge from the original Transformer [137], and apply some
recent architectural improvements. The NormFormer [125] layer normalization is used, where LayerNorm
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blocks are included both before and after the application of the Attention block. Additionally, the Layer
Normalization is implemented outside the residual stream, i.e., before adding the residual connection to the
output of the layer. This is done because the standard Post-norm variation has been shown to unpredictably
diverge in later stages of training. Additionally, the GEGLU [123] activation function is used, given by
FFgraLu(x) = (GELU(xW1) ® xW3)Wj3, where GELU is the Gaussian Error Linear Unit, and the ®
symbol indicates pointwise multiplication. The authors also perform initialization scaling for stabilization,
following [4].

Lastly, the attention layer is further modified by the use of disentangled attention [47] as in the DeBERTa
model, where the position and content embeddings are uncoupled. In this implementation, the attention
takes the form of content-content attention, content-position attention, and position-position attention. For
the original transformer implementation by [137], the content and positional embeddings are fused together

by simple addition, and the attention score for tokens x; and x; is calculated as: A;; = Q = Where

Q = xWg and K = xWg are the key and query transformation matrices of x, and d is the hidden token
size. As proposed by [47|, for disentangled attention, the position and content embeddings are processed
separately, without fusion. Specifically, the attention calculation is performed as:

QUK+ QIKDT + QY (KT

Aij=
5] \/3>d

Where Q¢ and K¢ are matrix transformations of the content embeddings, and QP and KP? are transformations
of the relative positional embeddings F; ;. The representation of tokens x;,z; at positions ¢ and j, is taken
from the row of P that corresponds to their distance (L — 4 + j), where L is the maximum input length.
In the implementation of both [120, 47|, to keep the model size comparable to the traditional attention
layer, parameter sharing is employed: Q° = QP and K° = KP”. The separation of content and positional
information offers more expressiveness in the transformer, as each attention layer can combine the two types
of information as needed.

Some notable differences from the training objective of BERT are also implemented. A span-based masking
objective is used, following SpanBERT [60], where multiple tokens in a row are masked — illustrated in
Figure 4.5.1. Additionally, the Next Sentence Prediction (NSP) objective is dropped as in [79].

4.5.2 Language Model Finetuning

One of the most ubiquitous ways to leverage the linguistic capabilities of language models, is to apply one
large-scale general domain pretrained LM to multiple particular tasks or domains [27, 107]. This is done
by the process of finetuning [45], whereas the pretrained LM is additionally trained on a small task-specific
corpus. This way, we can leverage the rich representations learned by an LM on a large text corpus for
effective transfer learning to tasks where data is scarce. The major factor contributing to success of LM
transfer learning, is that LM pre-training uses a semi-supervised objective, where data is plentiful, while most
finetuning tasks are by nature supervised, and procuring large training datasets can be especially challenging.

For our evaluation, BLIMP, BLiMP Supplement and EWoK all require no finetuning, as they are zero-shot
tasks, measuring the inherent knowledge of an LM along different dimensions. However, the evaluation
on (Super)GLUE for natural language understanding, requires our models to be fine-tuned to task-specific
datasets. In the following paragraphs, we detail the finetuning process for a Masked Language Model (MLM),
such as LTG-BERT.

In full model finetuning, the pre-trained model is trained end-to-end with a supervised training objective,
and the learning signal is provided by a cross-entropy loss applied to a softmax output and the correct
label for each sequence. In practice, only a few weights of the initial pre-trained model are updated, and
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L(football) = Ly (football) + Lspo (football)
= —log P(football | x7) — log P(football | x4, X9, P3)
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Figure 4.5.1: Illustration of the SpanBERT masked objective. For masking, we select a span, e.g., "an
American football game", and calculate a two term loss for each token, presented here for the token
"football". A span boundary objective (SBO) is employed, where the boundary tokens (x4,x9) along with
the masked token embedding (x7) are used to predict the masked word ("football"). This loss term is
added to the standard MLM objective. Figure from [60].

a common approach is to completely freeze some parameters. More complex techniques for finetuning were
also proposed, mostly as a way to decrease the computational costs of full-model finetuning both during
training and inference. For example, the popular low-rank adaptation [52] method, decreases the size of
the trainable parameters, by freezing (excluding from training) each linear layer matrix W and learning a
low-rank decomposition. In our experiments (Chapter 5) to maximize the performance of our models, we
perform the full finetuning, without freezing any model parameters. We also note that we are concerned
only with sequence classification, (e.g., sentiment classification, or entailment detection), as essentially all
(Super)GLUE tasks are framed in this manner.

We focus specifically on the case of Masked Language Models (MLMs) such as BERT [27], as the final result of
our methodology is a pre-trained encoder transformer model (see Figure 4.1.1). We apply a newly initialized
architectural component on top of the MLM, known as a classification head, which is essentially a simple
neural network classifier. This classifier will take as input the output of the pre-trained model — a single
vector representing the entire sentence to be classified. To classify a sentence for BERT-like models, we use
the representation of the [CLS] token, and map it through the classification head, to the class logits using a
softmax layer. The [CLS] is included during pre-training at the start of all sequences, to enable later usage
in downstream applications during finetuning. We illustrate the finetuning process for a BERT-like MLM in
Figure 4.5.3, the depicted task is sentiment classification.

For classifying a pair of sequences — s1 and s, as in the case of detecing textual entailment, a slightly different
formalization is employed. The sequences are separated by a special [SEP] token, and the final input to the
model is formalized as " [CLS] s; [SEP] so [SEP]". In the original BERT model, the [SEP] is introduced
during training in the Next Sentence Prediction (NSP) task. Later, this task was proven to be unhelpful
to model pre-training when taking into consideration the extra computation it entails, and later approaches
dropped this objective [80, 120, 47]. However, the [SEP] token is still used in pre-training as the final token
of an input batch.

4.5.3 Language Model Decoding

In this section, we provide details and a formal analysis of the different sampling methods that were use
for generating text with the GPT-Neo decoder transformer models. Our textual domain is open-ended text
generation, and specifically conditional story generation. In this setting, there is some restriction to the
space of expected responses due to the input context (e.g., a story’s beginning, as in our case), but there
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Figure 4.5.2: A layer of the LTG-BERT architecture, schematically illustrated. Figure from [120].

is a significant degree of freedom in what the continuation can be. This in contrast to directed generation
settings, where tasks are formalized with (input, output) pairs, where the output must be a transformation
of the input. Common tasks in this domain include machine translation, and summarization.

The task of open-ended text generation, can be defined as generating text that results in a coherent con-
tinuation to a given context. Formally, given a sequence s = (s1, 2, ..., S) to be used as context, the task
is to generate a continuation of m tokens, forming a sequence (81, ..., Sk, Sk+1, - Sntm)- Lo produce the
completion, we use an autoregressive LM that models the probability Pr s (sk|s<k) using the left context
s<k — all the tokens on the left of a token s;. There are many ways to sample tokens from the conditional
probability function Prps(sk|s<k) which we refer to as decoding strategies. In the following paragraphs, we
expand on popular decoding procedures that were also employed during our experiments.

Maximization Based Decoding One common and simple way to generate an appropriate response from
an LM, is maxization-based decoding. This category of strategies assumes that the model will assign higher
probabilities to text of a higher quality, and thus they search for the continuation with the highest likelihood.
The most common approach of this kind is greedy decoding, where at each timestep the model predicts the
most likely token in the vocabulary V', based on the previously generated tokens:

s = argmax,cy Pra(s|s<k)

This type of sampling is mostly used for directed generation tasks, where the output is highly correlated
with the input and it can achieve satisfactory results. However, it has been known to exhibit failure cases
(e.g., excessive repetition) in open-ended generation tasks [51], such as dialogue and story generation, where
it falls sort of other approaches. Some improvements have been proposed over the vanilla greedy search
method. Beam Search, retains the sentences with the n highest probabilities at each step during the
decoding process, and in the end selects the generate sequence with the top probability, taking into account
all tokens. Occasionally, a length penalty is also applied, since otherwise beam search would favor shorter
sentences. Maximization based methods can result in very different probability distributions, compared to
those observed in human sentences, as illustrated in Figure 4.5.5. Intuitively, we want language to include
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Figure 4.5.3: Illustration of the finetuning process for BERT-like Masked Language Model. The embedding
vector of the [CLS] token is used to represent the whole sequence, and is mapped to softmax class
probabilities through the classification head. Figure reproduced from [63].
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Figure 4.5.4: Tllustration of the probability assigned to tokens generated by beam search and humans, for
the same initial context. The human response is characterized by increased variance — language should be
surprising. In contrast, beam search falls into an endless repetition loop. Figure from [51].

surprisal, as this relates to new information and an increased entropy.

This group of generation strategies do not employ any sampling, as they just maximize the likelihood of the
next token w.r.t. the probability distribution, in a deterministic way. This is in contrast to the methods
we introduce next, that randomly sample each token from the probability distribution of the model s ~
P(s|s<;). For each of these methods, some adjustments in the candidate tokens or the probability calculation
is performed to improve upon naive random sampling. Compared to maximization-based decoding, these
methods allow for more variation in the model outputs, and more natural text generation.

Top-k Sampling Top-k sampling is a simple method that aims to improve generation quality, by restrict-
ing the available tokens during the sampling process. Specifically, it directly filters out tokens with lower
probabilities, restricting the selection to the top k tokens with the highest probabilities. Essentially, top-k
sampling operates on the rescaled probability distribution of only the & most probable tokens, i.e., a vo-
cabulary of size k, V(¥) C V such that 3,y P(s|s<x) is maximized. Top-k methods offer improvement
against simple random sampling, as a great number of tokens that have no relation to the previous context
are excluded in each sampling step, resulting in more coherent responses. However, tuning the k& parameter
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can be difficult.

Temperature Sampling Another approach to limit the randomness in the token selection during sam-
pling, is to insert a temperature parameter in the Softmax function, which can be adjusted according to the
desired diversity in the model response. Below, we include the formula for computing the probability of a
token sj, parameterized by a temperature parameter 7.

exp(z/T)

P(Sk|5<k) = SOftmaX(Z,T) = m
eV g

With the vector z we symbolize the logits of the sequence s i.e., the class probability weights before normal-
ization. A low temperature T results in a more "sharp" distribution, which in turn increases the chance of
selecting highly probable tokens. A high temperature results in a "flattened" probability distribution, mak-
ing low probability selections more likely. The temperature parameter T' € [0, 1], is often used as a method
to increase the diversity of the model responses. We note that this approach can be combined with top-k
sampling to both have more diverse, and vocabulary restricted generations.

Nucleus Sampling Nucleus Sampling was proposed by [51], as a stochastic decoding technique, that
alleviate problems encountered with maximization based methods and the previous sampling techniques. It
is targeted towards open-ended generation tasks, where these problems mostly occur. Like top-k, nucleus
sampling operates by restricting the available vocabulary at each sampling step, however it does so in a
dynamic manner. The core concept of the approach, is using the shape of the probability distribution to
determine the set of candidate tokens for the sampling. Formally, given a distribution Pras(si|s<k), the
top-p vocabulary is defined as V®) C V, which is the smallest subset of the whole vocabulary V such that
> oweve Pra(skls<k) > p. Essentially, the original distribution P is rescaled, and the probability mass is
assigned to a small nucleus: the highest probability tokens whose total mass exceeds a predefined threshold
p. At each sampling step, the size of the nucleus is dynamically adjusted with the shape of the probability
distribution.

Nucleus sampling addresses core issues with top-k methods, illustrated in Figure 4.5.5. The shape of the
probability distribution can drastically change between sampling steps. This makes top-k methods that must
have a constant k ineffective, and motivates the use of a dynamic restriction on possible tokens.
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Figure 4.5.5: Probability mass assigned to sentences produced by humans. At each sampling step the
probability distribution can have a different shape, requiring different sampling techniques. We notice that
flat distributions, lead to many promising candidate tokens, making small k values problematic. Conversely,
in sharp distributions the probability mass is concentrated on a small number of tokens, making large k
values problematic. Figure reproduced from [51].
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4.5.4 Language Model Scoring

Evaluation benchmarks, like BLIMP and EWoK (Section 4.4), rely on the probability that a LM assigns to a
sentence in order to probe the abilities that the model posses in different linguistic dimensions, such as the
grammatical proficiency and world knowledge of the model. As presented previously, these benchmarks oper-
ate by comparing the probabilities the model assigns to different input sequences, and specifically detecting
where the highest probability is assigned. In order to be able to rank sequences, and choose the most likely
one, we need to be able to calculate the probability P(s) for a sequence of tokens s.

Calculating the probability P (s) for causal or autoregressive LMs is straightforward, given that these LMs
naturally model the probability Ppas(sk|s<k), using the left (or right) context s<p = (s1,....,Sx—1). Most
commonly, the log Pr s is calculated to ease implementation and ensure stability. For a causal LM and a
sequence s, it follows that:

Is]

log Pras(s) = Z log Pras(sk|s<k)
k=1

For Masked Language Models (MLMSs) calculating the probability Ppsras is not trivial. The success of
these models is attributed to including bidirectional context, where a token sy is replaced with [MASK], and
predicted using all the past and future tokens: s\ = (81,..., 5k—1, Sk+1, .-+, S|5|)- Introduced originally with
BERT [27], MLMs have advanced language understanding by employing contextual language representations,
and continue to be state-of-the-art in NLU tasks [80, 46, 47]. However, the inclusion of bidirectional context,
prevents them from being "true" language models of the probability P(s), as there is no straightforward way
to generate text, or produce sentence probabilities from these models. This does not present an issue when the
evaluation task requires model finetuning, or the use of contextual representations, but makes out-of-the-box
zero-shot evaluation of these models impossible.

To address this limitation, we can view the MLM objective introduced by BERT as a stochastic maximum
pseudolikelihood estimation [44], enabling the calculation of a Pseudo-Log-Likelihood score (PLL) [44], which
is computed by masking tokens one at a time. To calculate PLL we sum the conditional log probabilities
log Prrra(skls\k) of each token in the sentences, be replacing s with the [MASK] token. This allows us to
calculate the pseudo-probability of a sequence, and extend the application of MLMs to evaluation benchmarks
conventionally accessible only to causal LMs (e.g., BLIMP). The calculation of the PLL score is illustrated
in Figure 4.5.6. Formally, it is calculated as:

Is|

PLL(s) = Z log Pnrras (Sk|s\k)

t=1

Work done in [116] introduced the PLL score for the re-scoring of automatic speech recognition (ASR) and
neural machine translation (NMT) hypothesis, substantially improving performance. Additionally, they show
that MLMs can be finetuned without masking, reducing inference complexity. The success is attributed to
the models’ ability to convey linguistic acceptability without the left-to-right context restriction, greatly
improving scores on BLIMP compared to previous models.

Further work done by [55], showed that the above PLL method of [116], overestimates the PLL for out-of-
vocabulary (OOV) words, which are split into multiple tokens, and also falls sort of theoretical expectations,
such as a positive correlation between MLM and autoregressive LM scores for the same sentences. To alleviate
these concerns, in their methodology not only the target token is masked, but also all within-word tokens to
the right of the target token. This method, named PLL-word-12r, outperformed the original PLL metric, and
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a whole-word masking metric. They also showed that the choice of metric can have substantial effect on the
BLiMP benchmark. We use this metric in all our evaluations. An illustration of the different approaches to
PPL is given in Figure 4.5.7.

linear + softmax ]
‘ BERT |
Lest) 1 (iser )
IMASKI world [| 1 )
HeIIo Twasal )l

( Hello ] world I[MASK]]]

Figure 4.5.6: Pseudo Log-Likelihood (PLL) calculation for Masked Language Models (MLMs). To score a
sentence (e.g., "Hello World !"), we create copies with each token replaced by [MASK]. The log probability
of each token is summed, resulting in the PLL score: PLL(Hello_word _!) = log Pyrrar( [MASK] |world, )+
log Parrar ([MASK] | hello, /)4 log Parrar([MASK] |hello, world). The example is here presented for BERT[27],
but we follow the same process for our LTG-BERT[120] models. Figure reproduced from [116].
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Figure 4.5.7: Illustration of the different possible ways to compute the PLL score for a word separated into
multiple tokens. In this example, the word "souvenir" is chosen and for each method, we see the sequences
whose probabilities are summed to compute PLL. The PLL-original refers to the original method by [116].
The proposed method, PLL-word-12r, only additionally masks tokens to the right of a masked token. The
PLL-whole-word strategy, masks all the tokens in a word. Within-word tokens are shown in pink, the
masked token is shown in purple, and in turquoise the masked within-word tokens. Figure from [55].

Effect of temperature on BLIMP The problem of Confidence Calibration is defined as predicting prob-
ability estimates representative of the true correctness of likelihood, and is crucial in many real-world ap-
plications of classification methods. Intuitively, we want for a classification system to not only be accurate,
but also indicate how likely it is to be incorrect. Work done by [44], showed that temperature scaling, i.e.,
changing the temperate T in the Softmax of the logits, can be a straightforward recipe for effective calibration
in most settings — i.e., for the probability to truly reflect the confidence of the model.
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Preliminary experiments conducted recently by [119], applied the temperature scaling method on the BLIMP
dataset. To compute sentence probabilities, the authors used the PLL metric for MLMs, described above
[116]. Their findings showed that the temperature T' value can significantly change performance, by up to
10%. This challenges the use of BLIMP as an appropriate evaluation tool. To solve the issue, the authors
propose to make BLIMP invariant to temperature scaling, by reporting the maximum accuracy across all
possible temperatures values — instead of just using 7" = 1. The authors note however, that using only one
temperature value for all BLIMP subtasks does not account for the significant differences in accuracy between
them, but it is a simple solution, than can be conveniently paired with a held-out validations set. Lastly. the
point out that future work could focus on a uniform and fair scoring function, which is invariant to external
hyperparameters such as temperature. To illustrate the issues uncovered by [119] we include a set of plots
from their experiments in Figure 4.5.8.
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Figure 4.5.8: BLiMP confidence profiles for several LMs. Left: the training objective of the model can
drastically change the relationship between temperature (T) and BLiMP performance — different responses
are observed for: encoders (RoBERTa [80]), seq-to-seq models (T5 [112]), decoders (OPT, [159]). Middle:
for T'= 1 BERTase and BERTaree performance appears comparable, but the larger model is in fact more
capable. Right: four sizes of LTG-BERT|[120] models trained by the authors. Measuring at 7= 1 doesn’t
demonstrate the true confidence of larger models. Figure from [119].
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In this chapter, we explain in detail the experimental procedures and results for our proposed methodology
of data augmentation using synthetic story data, seen in Chapter 4 and illustrated in Figure 4.1.1.

First, we describe the experimental setup of our work in terms of hardware and available resources, and detail
the preprocessing carried out for the BabyLM (Dyany) and TinyStories (Dyny) datasets — the two datasets
central to our approach (Section 5.1). Next, we explain the process of selecting TinyStories subsets, training
GPT-Neo models, and creating the synthetic story data (Dgen). To motivate our subset selection, we evaluate
the linguistic abilities of GPT-Neo models trained on various amounts of TinyStories. We compliment our
analysis with metrics of diversity and text quality, and in the process, draw insights about the capabilities
of SLMs in low data settings (Section 5.2). Afterwards, we move on to our data augmentation method, and
train encoder transformer LT G-BERT models on the combined dataset. In order to uncover the effect of the
synthetic data on linguistic proficiency, we compare our methods with various baselines, with and without the
use of generated data, and explore alternative sampling procedures and training configurations (Section 5.3).
Finally, we analyze our findings, and make interesting observations about data augmentation methods for
small data language pretraining (Section 5.4).

Additionally, this section is supplemented by a collection of Appendices. Appendix A — containing sample
generations from the GPT-Neo models, Appendix B — containing sample interactions with Claude Sonnet-
3.5 for the LLM-assisted evaluation, Appendix C — containing the hyperparameters used for training our
models, Appendix D — containing detailed evaluation results for the BLiIMP, BLIMP Supplement, EWoK and
(Super)GLUE benchmarks.
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5.1 Preliminaries

Experimental Setup Our experiments are performed on a shared GPU cluster consisting of 8 Nvidia V100
GPUs with 16 GB memory each, and additionally, for our evaluation of our models we make use of an Nvidia
RTX-3090 GPU with 24 GB of memory. All models are trained utilizing the PyTorch [100] and HuggingFace
[152] libraries. For evaluating BLIMP, EWoK, and (Super)GLUE, we leverage the official evaluation pipeline
provided by the challenge organizers [35, 21]. Additionally, for the Self-BLEU score we use the BLEU score
implementation provided by NLTK [11]. Our trained models are publicly available on HuggingFace!, and
our implementation is available on GitHub?.

BabyLM We preprocess the BabyLM dataset using the methodology described in [119]. We apply a light
cleanup and normalization process, with the goal of casting all the datasets into a unified format. Details
about the composition of the BabyLM dataset are included in Section 4.2.1. Specifically, we normalize
punctuation and whitespace, performing detokenization (e.g., won_’t — won’t), and capitalizing the first
letter in each new line. Additionally, we removed semantically irrelevant and arbitrarily inserted tokens,
and normalized incorrectly parsed symbols (e.g., replacing "&gt ;" with ">"). For the datasets that contain
spoken language, direct speech is cast into quotes to ensure a consistent representation. Finally, the structure
of the datasets was preserved, where necessary, with the insertion of a special [PAR] symbol. For example, in
the case of the CHILDES dataset [53] the data consists of spoken interactions with each line corresponding
to a speech utterance. These were all concatenated and separated with the [PAR] symbol to preserve the
unique form of turn-based dialogue.

TinyStories For preprocessing the TinyStories dataset, we again leverage the light procedure detailed in
[119]. Our aim is to unify the text, and cast it in a similar format to the BabyLM dataset. Specifically,
whitespace is added where necessary to separate punctuation marks and special symbols, abbreviations are
normalized (detokenization), and misaligned double quotes are fixed. Additionally, we normalize any broken
unicode characters and the text punctuation. To preserve the structure of the stories, for the encoder training
we replace the <|endoftext | > token between the stories with a [PAR] token, as done for the BabyLM dataset.
For the decoder training, the <|endoftext|> token is preserved.

In the following sections, for a dataset Dgata we adapt again the notation of Dgyata.m to indicate a subset
of size m in millions of words. Our experiments are conducted for two data constrained scenarios, that
correspond to the two text tracks of the BabyLM challenge. Namely, the Strict-Small track (maximum of
10M words) and the Strict track (maximum of 100M words). For each scenario the experiments follow
the same process but are performed independently.

5.2 Evaluating GPT-Neo Performance on TinyStories

Our aim is to leverage GPT-Neo models trained on a subset of TinyStories (Diiny-m) for data augmentation.
Specifically, for the stories in the training set Diiny-m alternate completions are generated by the decoder
models, to form the set Dgen. These two datasets combined with a subset of the BabyLM dataset (Dpaby-b)
are used to construct Deomb = (Diiny-m; Pgen, Phaby-b) Which is employed for the training of an encoder
transformer LTG-BERT model. As explained in Chapter 4, it is crucial to select the right size m for Dyiny
to effectively balance the proportion of the Dyiny-m and Dhaby-1 datasets in the combined set Deomp. This will
ensure that Deomp, is diverse and complex enough for encoder generalization, while maintaining a sufficient
pre-training dataset size m for the decoder training in Diiny-m, that allows high quality generations.

In order to select the size m, we start by evaluating the generative and linguistic performance of GPT-Neo
decoder models, while varying the amount of available data. Apart from motivating our selection for Diiny-m,
this analysis will gauge at the relationship between data size and the capabilities of SLMs in low data regimes,
allowing us to make interesting observations. Taking into account the challenge limitations for the Strict ,

Thttps://huggingface.co/collections/nikitastheo/berttime-stories-66e9272aff154e75c55e6d91
2https://github.com /nikitas-theo/BERTtimeStories
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and Strict-Small tracks, we sample sort stories from the TinyStories dataset and define a collection of
subsets with a variety of sizes, denoted as Dyiny-m : m € {5,10,25,50,75,100}M (millions of words). Our
selected sizes are illustrated in Figure 5.2.1. We notice that compared to the full dataset, our models are
trained with a magnitude less data. In the following paragraphs, for each subset Dyiny-m We independently
train a GPT-Neo model and evaluate the decoder’s linguistic and generative capabilities.

Full Dataset (V2) Full Dataset (V1)

|Dtiny|
5M 10M 25M 50M 75M  100M 440M 373M

Figure 5.2.1: Selected subset sizes for evaluating the capabilities of GPT-Neo models trained on various
amounts of TinyStories data. Our experiments leverage the second version (V2) of the data with ~ 440M
words. In our analysis, we also include the model released by [31] trained on the first version of the dataset
(V1) containing ~ 373M words.

All our experiments are carried out with the second version (V2) of the TinyStories dataset, generated only
by GPT-4, and containing ~ 440M words. For comparison, results are also reported for the pretrained model
provided by the TinyStories authors [31], which is trained on the first version of the dataset, created by
prompting both GPT-3.5 and GPT-4, and containing ~373M words. We chose the GPT-4 version of the
dataset, as it was deemed to be of higher quality. The two GPT-Neo models are reported as: "440M (V2)"
— for our model trained on the full second version of the dataset, and "373M (V1)" — for the model by [31].

For the GPT-Neo decoder transformer, we select one of the top-performing architectures® from [31]. All our
GPT-Neo models are trained with the same set of hyperparameters, except for weight decay, dropout, and
vocabulary size, which are adjusted based on the dataset size. We follow a conventional training approach for
autoregressive LMs, similar to that of the authors in [31]. However, we found it is important to incorporate
some additional regularization to suit our low-data setting. Specific hyperparameters and architectural details
can be found in Appendix C. Additionally, for each subset Diiny-m a separate tokenizer was trained from
scratch, using the WordPiece Tokenizer implementation provided by the HuggingFace library.

5.2.1 Evaluating Language Profficiency

For open-ended generation tasks, such as sort story generation, evaluating generative performance directly
can be challenging [31]. For this reason, as an initial assessment of the language capabilities of the GPT-Neo
decoders, we evaluate their performance on the zero-shot benchmarks of the BabyLM challenge. Namely, we
use: BLIMP, BLiMP Supplement (Supp.), and EWoK, probing the grammatical understanding, and world
knowledge of our models. We posit that these benchmarks will provide a prozy of the generative abilities of the
GPT-Neo models, and will allow the assessment of the models without breaking the data restrictions of our
scenarios (10M and 100M words maximum). Results are included in Table 5.2.1 and a graphic illustration is
provided in Figure 5.2.2. Full evaluation results of the GPT-Neo models on the three benchmarks, indicating
the specific score for each category /phenomenon are presented in Appendix D.4. We note that random chance
accuracy for these benchmarks corresponds to a value of 50.0, as they involve binary classification. This puts
into perspective their difficulty for our models — especially EWoK.

As the amount of data increases, we observe that the BLIMP and EWoK scores generally smoothly increase
as well. In contrast, the BLIMP supplement score shows more variance. We note that the 440M word

3https://huggingface.co/roneneldan/TinyStories-33M
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model demonstrates slightly worse performance than expected, when taking into account the magnitude of
its training data. We posit that this due to the model being under-regularized during training. Interestingly,
we notice that the 100M word model attains the highest BLIMP performance of all the models, sharing this
result with the original model released by [31] — 373M (V1). This is in line with the findings of [160], that
showed that 100M words is enough for substantial performance on most grammatical phenomena on BLiIMP,
demonstrating diminishing returns for more amounts of data. Lastly, the 25]M word model is able to attain
substantial BLIMP and BLiMP Supp. for its training size, demonstrating overall good sample efficiency.

One other set of observations concerns the relationship between the BLIMP benchmark and its supplement.
We notice that 100M word model has the best BLIMP score, while also attaining subpar scores on the
BLiMP Supp. tasks, specifically the lowest of all the models. While carefully looking at the lines in Fig-
ure 5.2.2, this result appears to fit in a general trend, where performance on BLIMP is not correlated with
performance on its supplement. This finding suggests that the two benchmarks measure substantially differ-
ent phenomena, and complement each other in their grammatical evaluation. We note however, that BLiMP
Supplement is considerably smaller in size, which could also be a cause for the variation in performance
observed in our experiments.

Train Data BLiMP 1 ‘ Supp. 1 ‘ EWoK 1

5M 55.5 53.8 51.1
10M 58.4 51.6 51.9
25M 59.9 55.1 52.4
50M 62.8 52.8 53.0
75M 64.0 54.8 53.4
100M 64.8 50.8 53.1
440M (V2) 64.6 55.0 53.9
373M (V1) 4 64.8 60.9 54.0

Table 5.2.1: Evaluation results for GPT-Neo models trained on TinyStories with various amounts of data,
for the BLiIMP, BLiMP Supplement (Supp.) and EWoK Benchmarks. We report accuracy on all
benchmarks — the ( 1) arrow indicates that higher is better.

Selecting TinyStories subsets We now explain how we leverage the scores in Table 5.2.1 to select the
TinyStories subsets harnessed for training GPT-Neo models, the subsequent creation of Dy, and the final
data augmentation. We mainly use the BLIMP score for the selection, as the most comprehensive metric out
of the three for linguistic knowledge. From our observations, the 50M word mark appears to be a threshold,
where performance on BLiMP starts to plateau as the amount of training data increases. Additionally, the
50M word budget is a good starting point for a study on data augmentation, as it offers enough room for the
inclusion of other diverse data in the 100M budget, and a 50% proportion of Dyapy and Diiny is intuitively
the simplest combination.

Thus, for the Strict track, we select the 50M word subset Diiny-50Mm as the set that will be used — with its
corresponding GPT-Neo model — to generate Dgen, and will be included in the combined corpus Deomp. A
close contender is the 25M word set, which we plan to include in a future study. For the Strict-Small task,
we opt to choose the 5M word model, and the corresponding Dyiny-5m set, using some of the same reasoning
as above. Further investigation into smaller dataset sizes for the Strict-Small track will be addressed in
future work. Importantly, the LLM evaluation (covered later) is not considered in the above decisions, in
order to uphold our data limitations of 10M and 100M words respectively.

4Model released by [31], https://huggingface.co/roneneldan/TinyStories-33M
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Figure 5.2.2: Graphic illustration of the relationship between the Self-BLEU metric (scaled to [0,100]) and
the BLiMP, BLiMP Supp. and EWoK accuracy scores for GPT-Neo models trained on subsets of
TinyStories, as the amount of training data increases. The ( | ) arrow indicates that for Self-BLEU, a lower
score corresponds to more diversity and better performance. This is in contrast to accuracy scores in the
table, where higher is better ( 1 ).

The scores mentioned above provide insights into our models’ grammatical competence (BLiMP) and their
world knowledge (EWoK), but they overlook two key aspects of generative performance: (D the diversity
and ) the quality of the generated outputs. These two are necessary for a comprehensive evaluation of the
GPT-Neo models and will be the focus of the following sections.

5.2.2 Evaluating Generative Quality — LLM Evaluation

Assessing the quality of outputs for open-ended generation tasks can be difficult, as standard evaluation
methods typically rely on structured outputs and compare generations against a set of reference texts. In
contrast, story generation is essentially unrestricted, with the only expectation that the continuation gen-
erated by the model is consistent with the story’s beginning. To tackle this issue, we follow the evaluation
approach introduced by [31], where a Large Language Model (LLM) is tasked with assessing the stories
produced by our models. The authors originally used GPT-4 [95], but instead we leverage Claude-3.5 Sonnet
[2] for our experiments, as it better aligns with our available resources.

We utilize a set of 44 manually crafted prompts ® provided by [31], each containing the start of a story, and
constructed to be grammatically challenging for the models to complete. For each of the GPT-Neo models,
trained on the subsets Diiny-m, We generate 10 completions per story using a temperature of 1. We provide the
LLM with both the story’s beginning and the model’s completion, which are presented as a student’s response
to a story writing assignment. The LLM is then asked to evaluate the response across three dimensions: (a)
Grammar, (b) Creativity, and (c) Consistency with the story’s beginning and the plot. Additionally, we ask
the LLM to classify the story into age groups ranging from 3 and under to 16 years old. The scores for each
category are given on a scale of 1 to 10.

For the final results, we average scores for both the 44 stories and the 10 models completions, for a total of
around 440 data points per category. A small number of interactions were discarded, as in some extreme
cases the LLM refused to rate the assignment (e.g., in the case of profane language usage). Appendix B
includes a sample interaction with Claude Sonnet-3.5 presented in its entirety, along with more details about
the evaluation, and an analysis of the LLLM responses for problematic evaluation cases. The results of our
evaluation are reported in Table 5.2.2 and a graphic illustration is included in Figure 5.2.3.

Shttps://huggingface.co/datasets/roneneldan/TinyStories
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We notice at first that as expected, performance scales with the amount of training data. As the size of the
Diiny-m Subset grows we see an overall increase in the scores for all three evaluation categories. A notable
exception is the 440M word which generally performs worse or at best on the same level as models with
a magnitude less data (e.g., the 25M and 50M word models). Specifically for Grammar, arguably the most
easily attained skill out of the three, the 400M word model has even worse performance than the 25M word
model. As previously, we believe the cause for this behavior is lack of proper regularization and possibly
the limit in the number of training steps. Additionally, the 100M word decoder achieves impressive results
across all three categories, achieving the best Consistency score out of all the models. This illustrates that
100M words can result in an impressive level of generative performance.

An important observation concerns the 25M word model, which appears to be a cutoff point. Specifically,
we notice a rapid, linear increase in the scores for all three categories up to 25M words, and then a decline in
improvement with only marginal benefits when adding more training data. This finding suggests that even
when limiting the number of words to small data regimes of up to 25M, the quality of the generations is
retained. Based on this evaluation, we recommend that future approaches consider 26M words of Dy, as
a starting point for data augmentation with synthetic stories. In our own experiments, we didn’t take into
consideration the LLM-assisted evaluation when selecting TinyStories subsets for data augmentation, as this
would invalidate the data constrained setting of our work.

Train Data ‘ Gr. 1t Cr. 1T Cons. 1 ‘ SB |

5SM 4.56  4.99 3.37 38.6
10M 5.31 5.34 3.98 38.3
256M 6.00 5.65 4.55 34.6
50M 6.01 5.53 4.54 33.0
75M 6.08 5.50 4.49 37.1
100M 6.17  5.57 4.78 39.8
440M (V2) | 5.88 9.53 4.49 37.3
373M (V1) | 6.24 5.73 4.70 29.6

Table 5.2.2: Evaluation results for GPT-Neo models trained on TinyStories with various amounts of data —
LLM-assisted quality evaluation. We instruct Claude-3.5 Sonnet to access generative performance along

three categories: Grammar (Gr.), Creativity (Cr.), Consistency (Cons.). We also include the results of
Self-Blue (SB).

Finally, we note that compared with the results from [31] the scores for our models, and even the 373M word
model released by the authors, appear to be in general lower. Even though in our evaluation we attempted
to stay as close as possible to the original setting, this might indicate some differences in configuration (e.g.,
the exact sampling process). One possibility is also that Claude Sonnet-3.5 (that we used), is a harsher
critic than GPT-4 (used by [31]). In addition to the quantitative results, Appendix D.4 includes samples of
generated completions from the GPT-Neo models, for a variety of stories and sampling techniques — including
for the example depicted in Figure 4.1.1, depicting our main methodology.

5.2.3 Evaluating Diversity

To assess diversity, we use the Self-BLEU metric [163], which has previously been applied to measure the
diversity of generated text [51, 1, 139]. We use 100 stories, that are contained in the training set of all the
GPT-Neo models, and truncate them to 15%-30% of their original length to be used as prompts. For each
story, the decoder models generate an alternate completion given the story’s beginning, leveraging a greedy,
maximization-based, decoding strategy. For the collection of 100 stories Sigp for each model, we calculate
the Self-BLEU score, scale it to [0, 100] and report it in Table 5.2.2. A graphic illustration of the score is also
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Figure 5.2.3: Graphic illustration of the LLM-assigned scores for Grammar, Creativity, and Consistency
with the plot. Scores are asigned on a scale from 1 to 10. We measure the generative abilities of the
GPT-Neo models as the amount of TinyStories data increases.

included in Figure 5.2.3. Lower scores indicate more diversity.

We notice that the Self-BLEU scores display significant variance, and there does not seem to be a clear
correlation with the amount of training data. We note however, that the best diversity score (lowest) was
achieved by the 373M word model by [31]. Additionally, an important observation is that the 25M
word and 50M word models achieve a low diversity score, while maintaining a substantial quality in their
generations. This finding suggests that even with limited training data, good generative performance, in
terms of diversity, and quality, can be achieved. As we identified previously, the 100M word model achieves
impressive quality scores, including the highest Consistency. However, it in terms of diversity it has the worst
score (highest) out of all the models. Intuitively, we can understand why maintaining a high consistency with
the beginning of the story might come at the cost of a reduced diversity in the model responses. Lastly,
reducing the training data to a 5M word dataset, results in markedly bad performance in terms of both
quality and diversity, indicating that data augmentation might be particularly challenging in the 10M word
constraints of the Strict-Small track.

5.3 Synthetic Story Data Pretraining

In the previous sections we evaluated the linguistic capabilities of GPT-Neo models trained on various
subsets of the TinyStories dataset, Diiny-m : m € {5,10,25,50,75,100}M. Based on the BLIMP scores of
the models, we choose the Dyiny-sm and Dyiny-som TinyStories subsets for data augmentation, for each of
the Strict-Small and Strict tracks respectively. We now outline the creation of the combined dataset
Deomb = (Dtiny-m» Phaby-b, Dgen), used for training the LTG-BERT encoder LM. For brevity, we provide
details only for the Strict-Small track, but the same procedures were applied for the Strict track as well.

Using the 5M-word subset from TinyStories (Diiny-sm) we train GPT-Neo models as outlined in the previous
sections. For each story in Dyny-sm we truncate it to 15%-30% of its length, effectively taking the beginning
of the story, and use it prompt the GPT-Neo model. The decoder then generates alternate completions for
all the stories, which are collected to form the synthetic story dataset Dgen. In our experiments we explore
different decoding strategies for sampling from the GPT-Neo model, including greedy generation (Dgen-greedy)s
and nucleus sampling (Dgen-nucleus-k ), Where k represents the number of generations per prompt. A theoretical
explanation for various decoding strategies is included in Section 4.5.3. Finally, the story datasets — Dyiny-5m
and Dgey, — are combined with a 5M-word subset from the BabyLM dataset — Dyaby-sm — to form the combined
dataset DIOM — (Dyiny-5M; Doaby-5M; Dgen ). This way we keep the total size |Dyiny-5Mm|+ | Dbaby-5m| within the

comb
10M word limit. As noted previously, the size of the Dgen dataset does not count towards data restrictions,
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as it was generated by our models in a closed system.

After constructing the combined corpus Deomp, we employ it for the training of an LTG-BERT encoder
model. As mentioned before, we chose this architecture as it is optimized for the small data regime, and
showed remarkable performance on the previous iteration of the BabyLM challenge [145, 146]. The LTG-
BERT models are trained with a span-based MLM objective, and the model architecture incorporates recent
improvements in the transformer (details in Section 4.5.1). For the training, we follow the procedure outlined
in [120] with some slight but important variations. Our models are trained with a fraction of the compute
budget utilized in [120], where the authors used the same amount of FLOPs as BERT [27]. Instead, we
reduce both the effective batch size, training steps, and sequence length during training, due to constrains
in our available resources and infrastructure. For our implementation we rely on the source code provided
by the authors ¢ and details about the specific hyperparameters we used are given in Appendix C. We note
that we performed a minimal tuning of hyperparameters.

Baselines To evaluate the impact of data augmentation on performance, we train several baselines, varying
only the pre-training dataset while keeping all other training conditions constant, including hyperparameters
and FLOPs. For the Strict-Small track, we form baselines by training LTG-BERT models with 10M
words from the BabyLM dataset (Dpaby-10m) and the Tinystories dataset (Dyiny-10m) separately. We also
train an encoder using a combination of 5M words from each dataset (Dpaby-sm + Diiny-5Mm). These models
serve as reference points for evaluating the performance of models trained with various data compositions
that include generated data, aiming to assess the impact of data augmentation. The same approach is
applied to the Strict track, where we train encoders using 100M words from each dataset individually
(Draby-100M; Driny-100M), as well as a combined set of 50M words from each (Dpaby-50M + Diiny-50m)- We also
report results for the challenge baselines, which are LTG-BERT [120] and BabyLlama [134]. It is important
to note that these models were trained with different hyperparameters than those used in our experiments.
Specifically, the LTG-BERT model released by the organizers was trained for approximately 20 epochs on
the Strict track, while we trained our models for around 27 epochs (20K steps).

Nucleus Sampling In contrast to greedy decoding strategies, with sampling methods we have the option
to generate multiple completions for each of prompt. This can be beneficial, resulting in an increase of
the amount of training data, but only as long as the added data are diverse enough. Otherwise, we risk
wasting important computational resources in iterating over uninformative samples, as all our experiments
are controlled to use the same amount of FLOPs. To determine a good value of k for nucleus sampling, we
measure diversity as k increases, by utilizing the Self-BLEU score. We select 100 stories from the Diiny-s5m
set and use the beginning (15%-30%) of each story to prompt the model in generating 50 completions with
p = 0.95. For each k value in the range {2,3,...,50}, we compute the Self-BLEU score among the set Sy
of generated completions. The goal is to analyze the diversity of the generations for the same prompts as
k increases. Figure 5.3.1 illustrates the average Self-BLEU across all prompts. We notice that between the
values k = 5 and k = 10 for the 50M word GPT-Neo model, the diversity score stays constant. Based on
these results, we opt to experiment with £k = 5 and k = 10 for both the Strict and Strict-Small tracks, as
they provide a good balance between diversity and added data.

Balanced Training Adding the generated data Dge, increases substantially the proportion of story data in
the combined corpus Deomp. This is especially true when employing nucleus sampling, and generating more
than one continuation per story. As a result, the sample distribution of the TinyStories data (Diiny + Dgen)
and the BabyLM data (Dpaby) during model training is also modified. This means that the model encounters
more story samples in each iteration, which might affect performance, as it becomes more focused on the
TinyStories dataset. To mitigate this effect, we introduce a training configuration where the number of
samples for the two datasets is balanced on average. In this approach, when constructing each training
batch, samples are drawn randomly with equal probability from both TinyStories — original and synthesized
text — and BabyLM. This ensures that the model receives an equal amount of exposure to each dataset
throughout training. Results using this balanced training method are marked with the t symbol.

Shttps://github.com/ltgoslo/Itg-bert
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Figure 5.3.1: Average Self-BLEU scores for the 5M and 50M word GPT-Neo models, as the amount k& of
generations per prompt increases. We sample 100 stories from the training sets Diiny-som and Dyiny-sm, and
generate 50 alternate continuations using our models. We compute the average self-BLEU across stories.

Evaluation For assessing the linguistic performance of the LTG-BERT models, we leverage the official
evaluation pipeline of the BabyLM challenge [21, 35]. We evaluate our models on filtered versions of (Su-
per)GLUE, BLiMP, BLiMP Supplement (Supp.), and EWoK. For (Super)GLUE, task performance is mostly
measured with accuracy, but some of its tasks are evaluated with different metrics (e.g., F1l-score). We report
the macroaverage of all the task metrics (one selected metric for each task), details in Section 4.4.3. For
the other benchmarks we report accuracy. The EWoK, BLIMP and Supp benchmarks are evaluated in a
zero-shot way, where no added training is required. For (Super)GLUE we finetune our models, following the
process and hyperparameters described in [120]. More details are included in Appendix C.

5.4 Results

We provide the final evaluation results for the LTG-BERT models on both the Strict-Small and
Strict tracks in Table 5.4.3 and Table 5.4.4, respectively. The x symbol indicates the model submitted
to the BabyLM Challenge for each track, and the t symbol indicates usage of the balanced training tech-
nique. For each model, we list its training data composition and the total size in millions of words. We
also include a macroaverage of the scores on BLIMP, Supp., EWoK and (Super)GLUE in the "Avg" column.
More detailed results analyzed for each task/phenomenon of the benchmarks are included in Appendix D.

We make here an important comment about the scores of the LTG-BERT models on EWoK. Our reported
results for the challenge baselines significantly differ from the scores released by the organizers — e.g., for
Strict-Small track we report 63.1 instead of 48.9. After discussions with the community, we hypothesize
that this is due to an instabilitiy of this particular architecture, that might result in different scores for
different machines and infrastructure. We note that our scores appear to be "inflated", but the increase is
consistent for all the LTG-BERT models, allowing for a fair comparison.

Strict-Small Track Looking at the results of Table 5.4.3, initially we observe that the best overall score is
achieved by the model trained on the Dyapy-10m dataset. Additionally, comparing the results of the Dyapy-10Mm
and Diny-10m models, we conclude that the BabyLM dataset is better suited for language pre-training. This
is expected, as the Dy,p, dataset was constructed specifically to be a diverse, and developmentally plausible
pre-training corpus. However, training on the TinyStories dataset appears to benefit EWoK. An interesting
observation is that replacing half the of the BabyLM dataset with T%inyStories data — Dpapy-5M+Diiny-5m — has
only a minor effect on the model’s performance. However, as more synthetic story data is added, we notice an
overall decrease in model scores, as the positive influence of the BabyL M dataset diminishes, and performance
trends towards that of Dyiny-10Mm, Where the BabyLM dataset was not utilized at all. This indicates that the
training becomes overly biased towards the TinyStories data, whose number of samples far outweigh those
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Model ‘ Training Data ‘ Total ‘ BLiMP ‘ Supp. ‘ EWoK ‘ GLUE ‘ Avg.
LTG-BERT | Dpaby-10m | 10M | 60.6 | 60.8 |489/63.1 | 60.3 | 57.7/61.2
BabyLlama | Dpaby-10Mm | 10M | 69.8 | 595 | 507 | 633 | 60.8
Dhaby-10M 10M 62.8 | 63.7 66.2 71.0 65.9
Déiny-10M 10M 59.8 54.2 67.0 67.0 62.0
Diiny-10M + Dgen-greedy 20M 58.7 57.8 63.8 67.1 61.9
Dhaby-5M + Diiny-5M 10M 62.6 60.7 66.6 71.2 65.3
LT(%;ESE)RT Draby-5M + Diiny-5M + Deen-greedy 15M 62.1 60.2 65.5 70.6 64.6
Dhaby-5M + Diiny-sM + Dgen-nucleus-1 15M 62.5 62.3 63.9 69.5 64.6
Draby-5M + Diiny-sM + Dgennuclens1 T* | 15M | 63.2 | 59.3 65.5 71.1 64.8
Dbaby—SM + Dtiny»SM + Dgen—nucleus—S 33M 62.4 60.1 65.8 69.4 64.4
Dbaby—5M + Dtiny»SM + Dgen—nucleus»lo 56M 61.0 58.4 65.3 69.5 63.6

Table 5.4.3: Final model performance on the Strict-Small track (10M words).

of BabyLM during training. To counter this effect, we experiment with balancing the number of samples
from both datasets in each batch — denoted by f. This modification, leads to improved model performance.
Notably, for BLiMP, this balanced setup slightly outperforms the model trained exclusively on Dyapy-10M,
achieving the highest overall score. Additionally, compared to other data augmentation approaches, this
configuration leads to better performance on GLUE.

A second set of important observations, relate to the sampling methods used when creating Dge, for the
data augmentation. Switching from greedy decoding to nucleus sampling improves the model’s performance
on the BLIMP and BLiMP Supp. benchmarks, but negatively affects performance on EWoK and GLUE.
This difference likely stems from the nature of the evaluation datasets. BLiMP emphasizes grammatical
understanding, and the greater diversity introduced by nucleus sampling exposes the model to a broader
range of linguistic structures and syntactic variations, enhancing its linguistic and grammatical capabilities.
On the other hand, EWoK and GLUE prioritize semantic coherence and factual consistency, and the increased
diversity from nucleus sampling might introduce noise and less coherent narratives, which could confuse the
model and lead to reduced performance. This is supported by the fact that the 5M word GPT-Neo model
was used for augmentation, which as noted on Table 5.2.2, has a very low Consistency score. Consequently,
while the enhanced diversity benefits grammatical evaluation tasks like BLIMP, it may not be as effective for
language understanding or knowledge-driven tasks such as GLUE and EWoK.

Model | Training Data | Total | BLIMP | Supp. | Ewok | GLUE | Avg
LTG-BERT | Dyaby-100m | 100M | 69.2 | 66.5 | 51.9/65.7 | 68.4 | 64.0/67.5
BabyLlama | Dpany-100m | 100M | 731 | 606 | 521 | 69.0 | 63.7
Dhaby-100M 100M | 640 | 67.6 62.8 74.0 67.1
Diny-100M 100M | 612 | 63.2 63.1 70.6 64.5
Diny-100M + Dgen-greedy 200M | 61.1 | 59.6 63.8 69.1 63.4
Dtiny-50M + Dhaby-50M 100M | 655 | 65.6 62.5 71.0 66.2
LT(((;)_IE‘E)RT Dtiny-50M + Dbaby-50M + Dgen-greedy 150M 66.6 63.3 65.0 71.8 66.7
Diiny-50M + Dhaby-50M + Dgen-nucleus-1% | 150M | 65.6 | 65.0 64.6 72.7 67.0
Dtiny»50M + Dbaby—5OM + Dgen»nucleus—lT 150M 65.2 63.5 64.3 72.6 66.4
Diiny-50M + Dhbaby-50M + Dgen-nucteuss | 350M | 65.4 | 64.4 61.2 69.8 65.2
Diny-50M + Dhaby-50M + Dgen-nucleus-10 | 600M | 63.7 | 63.3 64.5 69.5 65.3

Table 5.4.4: Final model performance on the Strict track (100M words).
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5.4. Results

Strict Track Analyzing the results on the Strict track in Table 5.4.4, we reach similar conclusions as on
the Strict-Small track. Specifically, the Dyany-100m model achieves the best performance overall, proving
itself a better pre-training dataset that Diiny-100m. However, a positive influence of the data augmentation
technique becomes more apparent here, as incorporating the Dgepgreedy dataset in the model training, leads
to improved performance, compared to all the established baselines — models trained on the two datasets
separately, Dyiny-100Mm and Dpaby-100M, and a combination of the two (Dyiny-50Mm + Doaby-50m). This results
in the Dgen-greedy model achieving the best score of all the models on BLIMP and EWoK. Furthermore, the
Driny-50M + Dhaby-s0m baseline with no synthetic data, is outperfomed by both the Dgen-greedy and Dgen-nucleus-1
models, indicating that synthetic data can provide modest improvements in the Strict track setting.

Interestingly, while the nucleus strategy performed better overall for both tracks, the greedy decoding strategy
resulted in significant improvement on BLiIMP and EWoK scores for the Strict scenario, outperforming
nucleus sapling for these benchmarks. For both settings however, increasing the amount of TinyStories
data during training, negatively impacts final model performance, bringing them closer to the Diiny-10m and
Dtiny-100m models. In the case of the Strict track, we didn’t observe a benefit when applying the balanced
training strategy (). We hypothesize that for the larger data regimes of 100M words, the vast amounts
of TinyStories data — reaching up to 500M words — may overshadow the presence of the BabyLM data in
training. The model encounters such an increased mass of TinyStories content that the learning process is
effectively dominated, diminishing the benefits of balancing.
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Chapter 6

Conclusion

6.1 Discussion

The study conducted in this thesis, is part of current efforts to mitigate the issues with the modern language
model (LM) training regime. Specifically, the purpose is to counter the ongoing trends of vastly increasing
computational resources, model parameters, and most importantly training data. For this reason, recent
approaches train efficient LMs with limited access to data, with the goals of democratizing research, devel-
oping data-effective training recipes, and drawing parallels between the way machines and humans process
and learn language. Joining in on these efforts, our work is conducted and published [132] as part of the 2024
BabyLM Challenge [21] — a competition that incentivizes LM pretraining with human-like, developmentally
plausible data constraints. Our LMs are trained in a limited data setting, working towards the two tracks of
the challenge, the Strict-Small track (max of 10M words), and the Strict track (max of 100M words).

Our methodology for LM pretraining on small data scales is based on data augmentation. Taking inspiration
from recent work in [31], we train GPT-Neo decoder models on a small collection of simple stories, and
create a synthetic corpus by providing an alternate completion for each story in the training set. The
augmented story data is supplemented by a diverse, speech focused corpus — the BabyLM dataset — and
the combined data is leveraged to train LT G-BERT encoder transformers. To investigate the effect of data
augmentation on linguistic performance, we compare our models with baselines trained without synthetic data
in controlled experimental settings, and additionally investigate a variety of sampling techniques and training
configurations. The LMs are evaluated using a collection of various benchmarks, measuring grammatical
knowledge, language understanding and world knowledge.

Initially, to estimate the right amount of TinyStories data for effective augmentation we evaluate the gen-
erative and linguistic abilities of GPT-Neo decoder models trained on various amounts of TinyStories data
- {5,10,25,50,75,100}M (millions) of words. For our assessment, we utilize benchmarks for grammatical
and factual understanding, as well as a diversity metric and an LLM-assisted quality evaluation. Our study
reveals that Small Language Models (SLMs) can acquire substantial linguistic abilities, and generate stories
of high quality and diversity, even when trained in scarce data scenarios. Specifically, the performance of
models trained with up to 25M and 50M words was comparable to models trained with a magnitude more
data — 373M and 440M words — and 100M words proved enough for robust grammatical and generative
performance. This finding sheds new lights in the capabilities of SLMs, underscoring the potential these
models have for data augmentation, even when faced with severe data limitations.
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Our next results concern the evaluation of LTG-BERT models, trained on a dataset augmented with syn-
thetic story data. Our findings reveal that while high quality data generation is possible for limited data
regimes, leveraging the synthetic data for data augmentation in practice can be challenging. We observed
some benefits, mostly in grammatical knowledge, in the Strict-Small task, with the careful balancing
of the proportions of different datasets showing potential for improvements. Some more pronounced per-
formance gains were reported for the Strict task, pertaining to linguistic and world knowledge. However,
overall synthetic data had a negative influence on the linguistic abilities of the encoder models, and in-
creasing the size of the generated datasets decreased performance even more. Given the high generative
performance of the GPT-Neo models, we believe that there is merit to the data augmentation methodology
we propose, but key details of the configuration need to be taken into account and hyperparameters need to
be finely tuned. There is a delicate balance between data quantity, quality, and effective incorporation of the
synthetic data, that is needed to achieve optimal training outcomes. Some fruitful directions for future work
are outlined in the next section.

Based on our analysis we can recommend the following when performing data augmentation in scenarios with
low data constraints:

e For the GPT-neo models, our evaluation of linguistic performance and generation quality point to a
starting point of 25M words of TinyStories data for future data augmentation attempts. If working
with a bigger budget, 100M words would be preferable. These settings offer a nice balance between
data size, and output quality.

e The BabyLM dataset proved more advantageous for data scarce LM pre-training. This indicates that
complex data is more beneficial than simple data, and should be prioritized when operating on a
limited budget.

e A calibration of hyperparameters should be attempted as we believe it significantly affects final
performance. For example, the truncation ratio of the stories, the proportions of the BabyLM and
TinyStories data in the final corpus, and the training hyperparameters for the encoder transformer
models, among other parameters, should be more finely tuned.

e For both the Strict-Small track (10M) and the Strict track (100M) similar findings were observed.
This indicates that new approaches should be first tried on the computationally cheap 10M word
scenario, and later scaled up to the 100M scenario. Additionally, easy to evaluate benchmarks, such
as BLIMP, offer a quick and inexpensive way to estimate model performance, and should be prioritized
in the experimentation phase.

6.2 Future Work

Due to time and resource constraints, our work faces several limitations, which can be exploited as promising
avenues for future work. For both the encoder and decoder modules of our methodology, a single architecture
was employed — the GPT-Neo and LTG-BERT architectures respectively. An exploration of more model
architectures would be beneficial in increasing the robustness of our results. Additionally, we only leveraged
two datasets, which were selected because of their specific properties. TinyStories provides simple and easy
to understand language, that enables high quality decoder generations even for small data, while BabyLM
provides the required complexity and diversity for encoder generalization. Both of these datasets can be
exchanged for other datasets with similar characteristics, e.g., Simple Wikipedia, and the BNC corpus re-
spectively (Section 4.2). We note that above choices were made to ensure consistency in our experiments,
and allow us to reach reliable conclusions, but we recognize that they restrict the broader applicability of our
findings.

Another interesting idea in the same direction, is to also utilize parts of the BabyLM dataset for data
augmentation instead of staying limited in the TinyStories data. Concerning the formation of subsets for
the two datasets, we sampled randomly on the document level. In the future, we believe that experimenting

84



6.2. Future Work

with content-aware data selection for the subsets will significantly improve the results of our technique, as
the more simple TinyStories data is better supplemented by the advanced portions of the BabyLM data. We
propose the use of information theory, and other complexity metrics for more beneficial document selection.

One other area for further research is the precise calibration of the parameters of our methodology. For
example, the story truncation ratio, the dataset inclusion ratio in the final corpus, and the training hyper-
parameters of our models could all be more finely tuned. One important such choice, is selecting the right
amount of TinyStories data, used for training the GPT-Neo models, and the synthetic data generation. In
our experiments we used a simple 1:1 ratio for the two datasets, but more precise control over the dataset
mixture could amplify the befits of our method. In the previous section, we recommended experimenting
with the 25M word GPT-Neo model, as it proved in hindsight to offer a more attractive ratio of performance
to training size. Moreover, the 5M word model in the Strict-Small scenario might be a suboptimal choice,
and more experimentation with models trained on less than 10M words would be beneficial. We also note
that curriculum learning approaches combined with data augmentation techniques could be promising, e.g.,
as seen in the Contextualizer [153] in last year’s challenge.

By addressing the limitations of our work and highlighting promising research directions we hope to inspire
further research in the area. We believe that efforts in data augmentation for data constrained and cognitively
plausible language pre-training scenarios will prove important for the future of LM pre-training.
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Appendices

This chapter supplements the main text with additional material and analysis of the experiments conducted
during our study. Initially, we include more sample generations from the GPT-Neo models trained on
TinyStories (Appendix A), and additionally provide a full example interaction with Claude-3.5 for the LLM-
assisted evaluation (Appendix B). The full list of hyperparameters for the training of the GPT-Neo and
LTG-BERT models is provided (Appendix C), along with detailed evaluation results for each of the BLIMP,
BLiMP Supplement, EWoK and GLUE benchmark, analyzed per task or phenomenon (Appendix D).
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Appendices

A TinyStories — Sample Generations

To provide a clear example of the augmentation process and allow direct evaluation of generation quality,
we present sample outputs from all our GPT-Neo models: {5M, 10M, 25M, 50M, 75M, 100M, 440M (V2)},
as well as the 33M parameter model released in TinyStories [31] — which we denote as 373M (V1). For the
generations provided below, we select a story from the training set, truncate it to 15%-30% and prompt
the models to complete it. For the sampling, we experiment with various decoding strategies — explained
in Section 4.5.3 — in order to qualitatively compare the effects of each sampling method to the final model
outcome.

e Table A2 includes model generations with greedy decoding. The completions correspond to the story
presented in Figure 4.1.1.

e Table A3 includes model generations when sampling with a temperature of 1.
e Table Al includes model generations with nucleus sampling (p = 0.95).

To enable the comparative evaluation of different completions for the same story, for the 5M and 50M word
models we also include 3 different generations for the same prompt using nucleus sampling (p = 0.95). The
generations are presented in Table A4 for the 5M model, and Table A5 for the 50M model.
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A. TinyStories — Sample Generations

Model ‘

Generated Text

Prompt ‘

One day, a little boy named Tim went for a walk in the woods. He saw a big hole in the ground. Tim was very

Original

curious. He thought it might be a secret way to the underground. He wanted to see what was down there. Tim went
down the hole. It was dark and scary. He heard a twist sound. He saw a big twisty snake. The snake said, "Hello, I
am Sam the snake. What are you doing here?" Tim said, "I wanted to see the underground. But it is too scary for
me." Sam the snake said, "It is not scary. I can show you around." Sam showed Tim the underground. They saw
bugs and rocks. Then, they found a big shiny treasure box. Tim and Sam were very happy. They took the treasure
box back up to the woods. Tim was not scared of the underground anymore.

5M

curious and wanted to see what was behind the hole. Tim thought, "I will peek inside and see what’s inside." Tim
went into the hole and found a root. He put the root in the hole and turned it. It was a small, old ball. Tim was
happy and excited. He played with the ball all day long. He kicked it, and even pretended it was a little car. But then,
something unexpected happened. The root started to talk! "Hello, Tim," said the rock. Tim was very surprised. He
didn”t know that roots could talk. The root said, "Hello, Tim! I am a magic root. I can make things happen if you
want." Tim thought for a moment and said, "I wish for a big ice cream!" The magic root made their wishes come
true. Tim wished for a big ice cream cone and his ice cream cone, and he could even make a big ice cream cone with
the same size he wanted. The magic root made their wish come true. Tim wished for a big ice cream cone cone, and
his red ball appeared.

10M

curious. He wanted to see what was in the hole. Tim went closer to the hole and realized he was very deep. He called
out, "Help! I am stuck!" A kind rabbit heard Tim”s cries and hopped into the hole. The rabbit said, "Don™t worry,
I will help you." The rabbit hopped into the hole and found Tim. The rabbit said, "Thank you, Tim! I need to go
to the other side." Tim was happy he could help his new friend. He said goodbye to the rabbit and walked back to
his house. When he got there, his mom was waiting for him. "You are so kind, Tim!" she said. "You made a great
toy for me." Tim smiled and hugged his mom. From that day on, Tim and the rabbit were best friends. They played
together in the woods every day.

25M

curious and wanted to see what was inside. He went closer to the hole and looked inside. He saw a lot of black rocks
and stones. Tim wanted to examine the rocks, but he was a little frightened of them. Just then, a little bird flew
down and said, "Hi, Tim! Do you want to examine the black rocks with me?" Tim nodded and they both looked at
the rocks together. The bird said, "Let”s see if we can find something from the hole." Tim and the bird went into the
hole and found many shiny things. They were so happy and played with the shiny things all day long.

50M

curious about the hole. He wanted to know what was inside. So, he said, "I wonder what”s inside!" Tim looked into
the hole and saw a tiny bug. The bug was upset. Tim asked, "Why are you upset?" The bug said, "I can”t believe
I can see the dark too. My wings hurt from playing in the mud." Tim wanted to help the bug. He went inside the
house and got a soft cloth. He wrapped the cloth around the bug’s wings. The bug felt better and started to believe
in its light. Now, the bug could see the dark in the woods with Tim. They both felt happy and safe together. And
from that day on, Tim and the bug became good friends

75M

curious and wanted to see what was inside. He looked into the hole and found a small toy car. Tim picked up the toy
car and said, "Wow! A pretty car! I will play with it, but I need to get inside the hole first." Tim walked and walked
until he found a small door in the hole. He opened the door and saw a secret room full of toys! The toys said, "Hi,
Tim! We can play with you!" Tim was so happy and surprised. He played with the toys all day long and had a lot of
fun.

100M

curious and looked inside the hole. He saw something moving. Tim was a curious rabbit from behind the hole. He
poked the rabbit with his finger. The rabbit jumped out of the hole and said, "Hi Tim! Do you want to play with
me?" Tim was so happy to find a new friend. They played together all day, running around the woods. They found
many wild animals like birds, rabbits, and squirrels. Tim had so much fun with his new friend. At the end of the day,
Tim was tired but very happy. He couldn” wait to tell his family about the wild rabbit he found.

440M
(V2)

curious, so he got closer to look at the hole. He was a bit scared, but he wanted to know what was inside. As Tim
looked into the hole, a small animal came out. The animal was very rude. It did not say "please" or "thank you" to
Tim. Tim felt sad and said "sorry" to the animal. The animal gave Tim a small hug. Then, something unexpected
happened. The rude animal turned into a kind fairy! The fairy said "thank you" and flew away. Tim was very happy
and went home with a big smile on his face.

373M
(V1)

curious about the hole. He decided to step closer and look inside. Tim found a little squirrel inside the hole. The
squirrel said, "Hi, I'm Tom! I like to play in this hole. Do you want to play with me?" Tim smiled and said, "Yes,
let”s play in the hole!" They played together all day long. They laughed and had fun. When the sun went down, Tim
said, "I have to go home now, Max. But I"ll come back to play again soon." Max agreed, and they promised to meet
again the next day. Tim went home, happy to have made a new friend.

Table Al: Sample generations from our all our GPT-Neo models using nucleus sampling with p = 0.95.
The prompt was taken from the training set of the models.
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Model ‘

Generated Text

Prompt ‘

One day, a little boy named Tim went to the park. He saw a big tiger. The tiger

Original

was not mean, but very easy to play with. Tim and the tiger played all day. They had lots of fun. Then,
something unexpected happened. The tiger started to shake. Tim was scared. He did not know what was
going on. But then, the tiger turned into a nice dog. Tim was very surprised. Tim and the dog played
together now. They were very happy. The dog was easy to play with too. At the end of the day, Tim went
home with his new friend.

5M

was very big and had a long tail. Tim wanted to be friends with the tiger. Tim said, "Hi tiger, I am Tim.
Do you want to play with me?" The tiger looked at Tim and said, "Yes, I want to play with you." Tim and
the tiger played all day. They ran, jumped, and laughed. The tiger was very happy. But then, the tiger got
tired. It wanted to rest. Tim said, "I am tired. Let’s rest." The tiger yawned and said, "Okay, Tim. Let’s
rest." Tim and the tiger sat under a tree. They talked and laughed. The tiger was happy to have a new
friend. They both had a fun day at the park.

10M

was very big and had a long tail. Tim was scared, but he wanted to be brave. He walked up to the tiger and
said, "Hi, tiger! I am Tim. Do you want to play with me?" The tiger looked at Tim and said, "Yes, I want
to play. But I am scared of the big tiger." Tim was not scared. He thought the tiger was nice. Tim and the
tiger played together. They ran and jumped. They had a lot of fun. Then, something unexpected happened.
The tiger started to change. It became a tiger! The tiger was not a tiger anymore. It was a tiger! Tim was
very surprised. The tiger was not a tiger anymore. It was a big tiger! Tim and the tiger became best friends.
They played together every day.

25M

was very big and had a long tail. Tim was scared, but he wanted to be brave. Tim said, "Hi, tiger! I am
Tim. Do you want to play with me?" The tiger looked at Tim and said, "Yes, I want to play. But I am
very hungry. Can you help me find some food?" Tim thought for a moment and said, "Yes, I can help you.
Let’s look for food together." They looked and looked, but they could not find any food. Then, something
unexpected happened. The tiger started to talk! "I am not a tiger, I am a magic tiger. I can make your
wishes come true," said the tiger. Tim was very surprised. He wished for a big ice cream cone. The magic
tiger made his wish come true. Tim and the magic tiger became good friends and played in the park every
day.

50M

was very nice. Tim wanted to play with the tiger. He said, "Hi, tiger! Let’s play!" The tiger did not say
anything. Tim was sad. He wanted to find a way to make the tiger happy. Tim had an idea. He found a ball
and threw it. The tiger saw the ball and started to play with it. Tim was happy. He said, "Now, the tiger is
happy too!" They played together all day. The tiger was not sad anymore. Tim and the tiger became best
friends.

75M

was very big and had a long tail. Tim was not scared. He wanted to be friends with the tiger. Tim said, "Hi,
tiger! My name is Tim. Do you want to play with me?" The tiger looked at Tim and said, "Yes, I want to
play. My name is Sam." Tim and Sam played all day. They ran, jumped, and laughed. They had so much
fun. Tim was happy to have a new friend. At the end of the day, Tim said, "Bye, Sam! I will come back
to play with you again." Sam said, "Bye, Tim! I will wait for you here." Tim went home and told his mom
about his new friend.

100M

was sad. Tim asked, "Why are you sad, Mr. Tiger?" The tiger said, "I lost my toy. Can you help me find
it?" Tim wanted to help the tiger. They looked for the toy together. They looked under the trees and behind
the bushes. Then, they saw a big box. The tiger said, "I think my toy is in the box." Tim opened the box.
Inside, there was a big cake! The tiger was happy. But, the cake was not a real tiger. It was a toy tiger! Tim
laughed and said, "Silly tiger, you are not a real tiger!" They played with the toy tiger and had a fun day at
the park.

440M
(V2)

was very hungry. Tim wanted to help the tiger. He thought, "I will feed the tiger some food." Tim went
home and got some food. He came back to the park and gave the food to the tiger. The tiger ate the food
and was very happy. Tim felt good because he helped the tiger. The tiger said, "Thank you, Tim. You are a
good friend." Tim and the tiger played in the park all day. They had lots of fun. Tim learned that it is good
to help others. The tiger learned that it is good to be kind and help others. And they both lived happily ever
after.

373M
(V1)

was sad. Tim wanted to help the tiger. He thought the tiger needed a friend. Tim went to the tiger and said,
"Hi, I am Tim. I want to help you." The tiger looked at Tim and said, "Thank you, Tim. I am sad because
I am alone. I need a friend." Tim thought for a moment and said, "I will be your friend, tiger. We can play
together." The tiger was happy. Tim and the tiger played all day. They had lots of fun. The moral of the
story is: Helping others can make you happy too.

Table A2: Sample generations from our all our GPT-Neo models using greedy decoding. The prompt was
taken from the training set of the models.
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A. TinyStories — Sample Generations

Model

Generated Text

Prompt

One day, a little girl named Lily wanted to bake a cake. She asked her mom, "Can I bake a cake, please?"
Her mom said, "Yes, but we

Original

need to buy some things first." They went to the store to buy the things they needed. Lily saw an expensive
jar of olives. She asked her mom, "Can we put olives in the cake?" Her mom said, "That’s a funny idea, but
let’s try it!" When they got home, Lily and her mom mixed all the things in a big bowl. They put the olives
in the cake too. Then, they put the cake in the oven to bake. When the cake was ready, they took it out
and let it cool. Lily and her mom tried the cake with the olives. They both laughed and said, "This is a very
funny cake!" They had fun making and eating the cake together. The end.

5M

can bake it together." Lily was very happy. Lily and her mom baked the cake. They put flour, eggs, and milk
in a big bowl. They baked the cake. They were very excited. When the cake was done, they put icing on top.
Lily and her mom sat in the oven to cook. They smelled the cake. It smelled so good. They were so happy
to bake the cake. They knew they would have more fun baking together. They knew that the cake would be
great day.

10M

need a different mixer to mix it first." Lily was very excited. She thought it would be fun to use the unknown
mixer. Lily and her mom mixed the unusual mixer. They mixed and mixed until it was all done. They were
very happy with their surprise. The pretty colors were colorful and fun to look at. Lily’s friend, Tom, came
over and saw the mixer. "Wow!" he said. "That mixer looks fun!" They played with the mixer and had a
great time. When it was time for Tom to go home, Lily’s mom said, "It’s time for dinner!" Lily and Tom
were sad, but they knew they had a special time. They learned that it’s okay to ask for help when we can’t
do something, but also to learn how to do things together.

256M

need a mixer to mix the cake." Lily and her mom went to the store. They bought a mixer to mix all the
things they needed. They mixed the cake stuff and put it in the oven. While they waited for the eggs to
bake, Lily was became restless. She wanted to go outside now. Her mom said, "Oh no, we must finish baking
before the cake starts to bake." Lily was sad, but she knew her mom was right. She put the mixer in the oven
and waited. When the cake was done, they took it out and let it cool down. The cake was perfect! Lily was
happy she waited and helped her mom bake the cake.

50M

need to watch the clock." So, Lily and her mom opened the oven to bake the cake. They made a big, warm
cake just for Lily. They were so happy to eat the cake together. After that, Lily and her mom baked more
cakes. They shared the warm cake with their friends. Everyone loved the cake and said it was the best cake
they ever had.’

75M

ed to clean up first." Lily and her mom started to clean up the waste. They put all the things they found
outside their house. They found sticks and mud. They put them all in the dirt. Then, they put the sun, dirt,
and mud in the mud. When they finished, they put the cake in the oven to bake. When it opened the oven,
they saw lots of green balls inside. They took the green balls out and put them in a bowl. The cake was the
best cake they had ever seen! When they were done, Lily and her mom took it out and let it cool. Then,
they put the green balls around the cake to dry. The cake was no longer dead! It was now a yummy-looking
cake. Lily and her mom were very happy and enjoyed the cake together.

100M

need to use the cauliflower to make it big." Lily and her mom went to the kitchen. They put the cauliflower
on a plate. They mixed the cake batter with a big spoon. Then, they put it in the oven to bake. While they
waited, Lily and her mom talked. They were happy. They enjoyed their tasty cake together. When the cake
was good, they took it out of the oven. It looked yummy. Lily said, "Thank you, Mom, for helping me bake
the cake." They both laughed and enjoyed their cake.

440M
(V2)

need to measure to find the things we need." They measured flour, eggs, and milk. They put the mix in a big
pan and put it in the oven. While the cake was baking, other kids came to play. They saw the baked cake
and wanted to try it. But Lily said, "No! That cake is sour!" Her friends were sad and started to march like
a soldier. Lily went outside and told the other kids, "It”s just a mix for cake!" They all tried the cake and
made a funny face. Lily laughed and said, "See, it”s not bad, it”s just a cake!"

373M
(V1)

need to take the lemons from the fridge." Lily wanted to help, so she was very impatient. Lily and her mom
went to the kitchen. Lily”’s mom showed her how to pour the lemons into a bowl. Then she told Lily to mix
them with a spoon. Lily tried to mix, but the lemons just rolled all over the bowl. They couldn” finish the
cake. Lily felt sad. She said, "Mom, I"m sorry. Can we fix the cake?" Her mom said, "I don”t know, but we
can bake another cake!" They both felt better and baked a new cake, even better than before.

Table A3: Sample generations from our all our GPT-Neo models when sampling with a temperature of 1.
The prompt was taken from the training set of the models.
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Model ‘

Generated Text

Prompt

Once upon a time, in a big green forest, there lived a panda named Pandy. Pandy was a good panda who
loved to cook. Every day, Pandy

Original

would pick fresh bamboo from the forest to cook for his friends. One sunny day, Pandy”s friend, Birdy, was
feeling sad. Pandy wanted to help Birdy feel better. He thought, "I will cook Birdy”s favorite food!" So,
Pandy cooked a big bowl of tasty bamboo for Birdy. When Birdy saw the bowl, she felt happy and smiled.
Birdy shared the yummy bamboo with her friends. All the animals in the forest enjoyed the food Pandy
cooked. They all thanked Pandy for being a good friend. The forest was full of happy animals. The moral of
the story is: when you do good things for others, it can make everyone happy.

5M -
Genera-

tion (D

would go to the woods to find some food. He walked and walked, until he met a new friend. This friend was
a small, green frog. The frog was very small, but he could not find any food. Pandy was sad. He wanted to
find food and make the frog happy. Pandy and the frog played all day. They had so much fun. When it was
time to go home, Pandy said, "Goodbye, frog! See you soon!" The frog smiled and said, "I had fun, Pandy.
I’m happy I could help you." Pandy went back to his forest, feeling happy and full of energy.

5M -
Genera-

tion (2)

would wake up early to eat bamboo and make all kinds of yummy food. Pandy was very happy when he was
cooked, he would give up early and take some rice from the forest. One day, Pandy found a big pile of rice on
the ground. He thought it would be fun to use it to cook a big meal with his animal friends. So, Pandy called
all his friends to come and eat the rice. They all came and looked at the rice and started to eat it. Suddenly,
the rice started to move! Pandy and his friends were surprised. They never thought rice was a rice, but a big
green frog! The frog had been hiding in the rice! He was scared at first, but then he realized that he was a
nice frog who could help them. So, Pandy and his friends worked together to make the rice. The moral of
the story is that when we work together, we can make things better and less uncomfortable.

5M -
Genera-

tion 3

would prepare yummy food for everyone in the forest. All the animals in the forest would come to eat Pandy.
One day, Pandy saw a big pile of waste near a house. He thought, "If I cook here, I will help with the waste."
So, Pandy started to cook the waste. He put trash in the bin and put it in a big pot. The waste would make
the waste go away. Pandy was very happy to help. Pandy cooked the waste in the forest. All his panda
friends came to eat and thanked Pandy for being such a good panda. From that day on, Pandy and his friends
enjoyed the food together.

Table A4: For the same prompt, taken from the training set, we include 3 distinct generations from our
GPT-Neo 5M word model, using nucleus sampling — p = 0.95.
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A. TinyStories — Sample Generations

Model ‘ Generated Text

Prompt

Once upon a time, in a small town, there was a kind man named Tom. Tom loved to help people. One day,
he found a big bottle of wine. He knew it was not for kids, but he had an idea. Tom

Original

had a big kite. He wanted to fly the kite very high. He thought, "I can attach the bottle of wine to the kite.
It will make the kite fly higher." So, he tied the bottle to the kite with a long string. He went to the park
on a mild day to fly the kite. As the kite went up, everyone saw the bottle of wine. They asked Tom why he
did that. Tom said, "I want the kite to fly high, and I want everyone to remember that we should not drink
wine. It is not good for us." The people smiled and clapped. They learned a good lesson that day

50M -
Genera-

tion (D)

went to the town and gave the wine to a little girl named Lily. "Here, drink this. It is not good," said Tom.
Lily took a sip and felt sad. She did not like the taste. Tom saw Lily was sad and gave her a hug. "It’s okay,
Lily. We all make mistakes. We should always tell an adult." The moral of the story is to always tell an adult
before doing something new.

50M -
Genera-

tion @

took the wine to the park. He saw a little girl crying because she lost her toy. Tom wanted to comfort her
and make her happy. He gave her the wine with a big smile. The little girl stopped crying and smiled at
Tom. But then, Tom felt bad because he was being selfish. He wanted to help more people. The moral of the
story is that being selfish is not good and that sharing is important.

50M -
Genera-

tion 3

went to his friend, Sam. Sam was not so good. Tom said, "Sam, look at this. We need to yield it to others.
If we give it to them, they will be happy." Sam agreed. They went to find their friends and give the wine to
them. All the friends were very happy. They ate the wine and started to feel good. Soon, more friends came
to Tom and Sam. They all started to help. They knew that being kind and yielding to others was important.
The people in the town learned to yield and give the wine to everyone. They all lived happily ever after. The
moral of the story is to always be kind and yield to others.

Table A5: For the same prompt, taken from the training set, we include 3 distinct generations from our
GPT-Neo 50M word model, using nucleus sampling — p = 0.95
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B LLM Evaluation

We include details about the evaluation we conducted using a Large Language Model (LLM). Specifically,
for our experiments we utilized Claude Sonnet-3.5 [2] . The model is instructed to act as a "teacher", who
is tasked to grade a story completed by a student in the context of a school exercise. The model is asked
to grade a response along three axes: (a) Grammar, (b) Creativity, (c) Consistency with the plot, and the
beginning of the story. Additionally, the model is requested to provide a guess for the age of the "student"
along the following categories: A: 3 or under, B: 4-5, C: 6-7, D: 8-9, E: 10-12, F: 13-16.

The full results and details about our evaluation are described in Chapter 5, Section 5.2.2. Our evaluation
is conducted with the scheme presented in TinyStories [31] as "GPT-Eval”. We aimed to be as close to the
original work as possible, with the exception of the employed LLM — which was changed to Claude Sonnet-3.5
instead of GPT-4, and the prompt — which was slightly adapted to work better with our chosen LLM.

Below, we include a sample of an interaction with the LLM while grading a response generated by the GPT-
Neo model trained on 50M of TinyStories data. The interaction is included in Table B1. We notice that the
LLM gives a detailed explanation about its judgement, and tries to substantiate the rating and any claims
about the model response, by quoting specific sections.

Next, we describe some interesting model behavior we encountered during our evaluation. We observed that,
in some rare cases, the LLM refused to grade the model generations, even though it was specifically instructed
to do so. It is valuable to examine such instances, as they shed light into the challenges of an evaluation
scheme utilizing large language models, and can additionally help us document some of the limitations and
failure cases of LLMs, in a realistic use case. In the calculation of the final ratings of the models (Table 5.2.2,
Figure 5.2.3) these extreme cases were excluded.

Specifically, we identified two types of model responses, that resulted in a refusal by the LLM to grade the
model generations.

1. Offensive Remarks. In the first type, the model’s response contains derogatory or offensive language.
We give an example in Table B2, generated by the GPT-Neo model trained on 5M words — a similar
behavior was also observed for the 10M word model. We observe first that SLMs trained on very low
amounts of data can exhibit problematic behavior in their generations, similar to that encountered by
larger language models [124]. Additionally, even though the generation contains various grammatical
and semantic errors, which the LLM identified, it did not assign a low rating but rather rejected
altogether the completion from the process.

2. Perfect Completion. In the second type, the model ignores the *** separator, and instead asserts
that this is not a student’s response (contrary to the prompt instructions), but instead it is a perfect
completion to the original story, and thus there is nothing to grade (!). This behavior was observed
for the 5M, 25M, 50M word models and the 33M parameter model by [31], trained on 373M words of
the original TinyStories data (V1). We show such a response in Table B3, generated by the 25M word
model. Interestingly, the model recognized the "***" separator in the text, but concluded arbitrarily
that the continuation presented after is "too perfect" for a student, and decided not to continue the
evaluation. As a side note, in this second problematic interaction, the word “naughty" is also included
in the prompt.

Lyersion: claude-3-5-sonnet-20240620
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In the following exercise, the student is given a beginning of a story. The student needs to complete it into a full
story. The exercise tests the student’s language abilities and creativity. The symbol *** marks the separator between
the prescribed beginning and the student’s completion:

Once upon a time, there was tiger who liked to play the guitar. One day, a bunny heard the guitar from a distance
and *** asked, "Hello tiger, can you play the guitar for me?" The tiger said, "Yes! I can!" So the bunny plucked up
the guitar and started to play. But then, the tiger roared and kicked the guitar too hard. The guitar made a big
mess. The panda was so sad that he hopped away and never came back. The end.

Please provide your general assessment about the part written by the student (the one after the *** symbol). Is it
gramatically correct? Is it consistent with the beginning of the story? Pay special attention to whether the student
manages to complete the sentence which is split in the middle by the separator ***.

I’ll provide an assessment of the student’s completion of the story:

Grammar: The student’s portion is generally grammatically correct, with a few minor issues: - "plucked up the guitar”
should be "picked up the guitar” - "The panda” should be "The bunny" for consistency with the characters introduced
Consistency with the beginning: There are some inconsistencies with the story’s beginning: - The beginning implies
the tiger is playing the guitar, but in the student’s part, the bunny plays it - The tiger’s role changes from a guitar
player to an aggressor without explanation

Completion of the split sentence: The student successfully completes the sentence that was split by the separator. The
full sentence reads coherently: "One day, a bunny heard the guitar from a distance and asked, ’Hello tiger, can you
play the guitar for me?’"

Overall assessment: While the student demonstrates some creativity, there are issues with consistency and logic in the
story: - The characters’ roles and actions are confusing - The introduction of a panda at the end is unexpected and
doesn’t fit with the established characters - The story’s progression feels disjointed and lacks a clear narrative flow
The student could improve by: - Maintaining consistency with the characters and their roles - Developing a more
logical sequence of events - Ensuring that the story’s ending relates to its beginning in a meaningful way

In summary, while the student completes the split sentence correctly, the overall story lacks coherence and consistency
with the given beginning.

Now, grade the student’s completion in terms of 1. Grammar, 2. Creativity, 3. Consistency with the story’s beginning
and whether the plot makes sense. Please provide grades from a scale of 1-10 for each of the requested categories,
namely: 1. Grammar, 2. Creativity, 3. Consistency. Moreover, please provide your best guess of what the age of the
student might be, as reflected from the completion. Choose from possible age groups: A: 3 or under. B: 4-5. C: 6-7.
D: 8-9. E: 10-12. F: 13-16.

Here are the grades for the student’s completion on a scale of 1-10:

1. Grammar: 7/10 The grammar is generally correct, with only minor errors. The main issues are word choice
("plucked up" instead of "picked up") and character confusion (panda instead of bunny).

2. Creativity: 5/10 The student shows some creativity by introducing a twist (the tiger kicking the guitar), but the
overall plot is simplistic and doesn’t fully develop the initial premise of a guitar-playing tiger.

3. Consistency: 3/10 The completion is not very consistent with the story’s beginning. The roles of characters change
unexpectedly, and the plot doesn’t follow logically from the initial setup.

Age group estimate: B: 4-5 years old

This estimate is based on: - The simple sentence structures - The abrupt shifts in the storyline - The confusion of
characters (introducing a panda at the end) - The basic cause-and-effect relationship (tiger kicks guitar, it makes a
mess) - The simplistic ending (character leaves and never comes back)

The writing style and story structure seem characteristic of a young child who is still developing their storytelling skills
and understanding of narrative consistency.

Table B1: A sample interaction with Claude-3.5 Sonnet. The story is generated by the GPT-Neo model
trained on 50M words of TinyStories. We include the prompt which also contains the model’s generation.
The LLM'’s responses is stylized in italic.
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Once upon a time, there was a little boy who was always naughty. His mom was always telling him to be good, but
he kept disobeying her rules and ignoring her warnings. One day, he was so naughty that his mom decided to punish
him. She told him that he had to *** punish a fat young girl and couldn’t go to jail with her. The little boy was very
sad and he cried very loudly louder than ever. He knew that if he had listened to his mom, she would punish him.
So the little boy promised his mom he would never do it again, but only if he promised to be a good boy and not be
naughty. He promised to listen and listen to his mom next time.

I apologize, but I cannot provide an assessment or engage with the content after the *** symbol, as it contains
inappropriate and potentially harmful themes involving the punishment of a child and a young girl. Such content is
not suitable for evaluation or discussion, especially in the context of a children’s story or educational exercise.
Instead, I strongly recommend using age-appropriate, non-violent, and ethically sound story prompts and completions
for educational purposes. If you need assistance in creating appropriate content for students, I would be happy to help
with that.

For the safety and well-being of children, it’s crucial to ensure that educational materials and exercises promote positive
values and do not include any content that could be harmful or distressing.

Table B2: First type of LLM refusal to grade, encountered in our evaluation. The model refused to grade
the model’s generation, as it contains offensive remarks. For brevity, part of the response has been omitted

)

and replaced with ... .

Once there was a boy named Sam. He was three years old and very naughty. One day, his mom told him not to touch
her phone but Sam did not listen. He picked up the phone and started playing with it. Mom saw him and said, "be
careful not to *** touch my phone!" Sam stopped and looked down. He was very sorry and repeated, "Mommy, I'm
sorry. I'll not touch the phone." Mom was very quiet. She told him that if he promised not to touch her phone again,
he would have to listen to her. Sam promised he will be careful, but he was sad. The moral of the story is: never
touch things that do not belong to you anymore. If you find something you care about, it’s important to listen very
carefully to your parents and stay away from them.

I apologize, but I’'m unable to grade the student’s completion as requested because there isn’t a clear student-written
portion in the text provided. The story appears to be a complete narrative without a distinct separation between a given
beginning and a student’s completion.

The *** symbol appears in the middle of a sentence, but the text continues seamlessly from that point, maintaining
the same style, tone, and narrative flow. There’s no indication that any part of this text was written by a student as
a separate exercise.

Without a clear student-written portion to evaluate, I cannot provide grades for grammar, creativity, or consistency,
nor can I estimate the age of a student writer.

If there was meant to be a student-written portion, it’s possible that it was accidentally omitted from your submission.
If you have a specific student-written part that you’d like evaluated, please provide it clearly separated from the initial
story prompt, and I’d be happy to assess it according to the criteria you’ve outlined.

Table B3: Second type of LLM refusal to grade, encountered in our evaluation. The model believes there is
no student completion contained in the prompt. For brevity, part of the response has been omitted and

)

replaced with ’...".
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C List of Hyperparameters

LTG-BERT Training We list the full set of hyperparameters used to train the GPT-Neo models in
Table C1. Where appropriate, hyperparameters that vary per group of models are listed separately. A
conventional causal LM training scheme was used, following the authors in [31], with some adjustments in
hyperparameters for our low data settings, and our available compute.

GPT-Neo Training The detailed set of hyperparameters used to train the LT G-BERT models is included
in Table C2. Again, we follow closely follow the training scheme of the original authors [120], while adjusting
some values for our specific computational constraints.

(Super)GLUE Evaluation The hyperparameters used for fine-tuning the LTG-BERT models on (Su-
per)GLUE are provided in Table C3 — primarily based on the evaluation scheme of [120]. During finetuning
we found it essential to initialize the added classification head as outlined in the original authors’ implemen-
tation. Specifically, the added layer is initialized with a truncated normal distribution N (u, 0?), in the range

[a, b], where p = 0,0 =/ % and a = —20,b = +20. With d,,,qe; we denote the hidden size. The bias

of the layer is also set to zero. Lastly, a key factor affecting the downstream performance of our models is our
use of mixed precision training. We leverage the fp16 implementation from HuggingFace’s Trainer module,
which reduces certain variables’ numerical precision from fp32 to fpl6, enhancing computational efficiency.
For our evaluation, we used the official pipeline released for the BabyLM Challenge [35, 21].

Hyperparameter GPT-Neo -5 / 10 / 25 / 50, 75, 100, 440 (M)
Number of Parameters 41M

Number of Layers 4

Attention Heads 16

Hidden size 768

Layer norm e 1.0e-5
Sequence Length 512

Max position embeddings 512

Attention Dropout 0.50 / 0.40 / 0.25 / 0.20
Classifier Dropout 0.50 / 0.40 / 0.25 / 0.20
Embed. Dropout 0.50 / 0.40 / 0.25 / 0.20
Resid. Dropout 0.50 / 0.40 / 0.25 / 0.20
Summary first Dropout 0.40 / 0.30 / 0.15 / 0.10
Weight decay 0.20 / 0.20 / 0.20 / 0.10
Vocab Size 6411 / 6411 / 16384 / 16384
Context length 512

batch size 24

gradient accumulation steps 32

gradient clipping 2.0

Training steps 15 000
optimizer AdamW

Adam (4 0.9

Adam S5 0.95

Adam € 1.0e-8

Initial learning rate 5.0e-4

Final learning rate 5.0e-5
Learning rate scheduler schedule cosine
Warmup ratio 1.6%

Table C1: Hyperparameters used to train the GPT-Neo models on TinyStories.
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Hyperparameter Strict Strict-Small
Number of parameters 98M 24M
Number of layers 12 12
Attention heads 12 6
Hidden size 768 384
FF intermediate size 2048 1024
Position Bucket size 32 32
Layer norm e le-7 le-7
Vocabulary size 16 384 6 144
Sequence length 128 128
Max position embeddings 512 512
Hidden dropout 0.1 0.1
Attention dropout 0.1 0.1
Training steps 20 000 20 000
Batch size 80 80
Gradient Accumulation Steps 32 32
Warmup ratio 1.6% 1.6%
Initial learning rate 6e-4 6e-4
Final learning rate 6e-5 6e-5
Learning rate scheduler cosine cosine
Weight decay 0.1 0.1
Optimizer AdamW AdamW
Adam € le-6 le-6
Adam f 0.9 0.9
Adam S5 0.98 0.98
Gradient clipping 2.0 2.0

Table C2: Hyperparemeters used to train the LTG-BERT models for the Strict and
Strict-Small tracks. With maz position embeddings we refer to the maximum sequence length allowed by
the model architecture — the model was trained with sequence length = 128

Hyperparameter BoolQ, MNLI, MNLI-MM, MRPC CoLA, RTE, WSC
MultiRC, QNLI, QQP, SST2

Batch size 32 16
Number of epochs 10 10
Dropot 0.1 0.1
Warmup proportion 0.1 0.1
Learning Rate 3.0e-5 3.0e-5
Decay type linear linear
Weight decay 0.01 0.01
Optimizer AdamW AdamW
Adam e 1.0e-6 1.0e-6
Adam £ 0.9 0.9
Adam S 0.999 0.999
Max length 128 128
Gradient clip 2.0 2.0
Mixed precision True True

Table C3: Hyperparameters used for the (Super)GLUE evaluation of the LTG-BERT models.

98



D. Detailed Evaluation Results

D Detailed Evaluation Results

For the trained LTG-BERT and GPT-Neo models, we include detailed evaluation results on the BLIMP [143],
BLiMP Supplement [145], (Super)GLUE [138, 140|, and EWoK [55] benchmarks of the challenge. Notably,
all the presented benchmarks constitute filtered versions, where examples with no lexical overlap with the
Strict-Small portion of the BabyLM Dataset (Section 4.2.1) were removed. This makes comparison with
full benchmark evaluations impossible.

For each of the models, the accuracy per benchmark task/phenomenon is presented. For the LTG-BERT
models we also include scores from the BabyLM challenge benchmarks [21] 2 — LTG-BERT [120] and
BabyLlama [134] — although they were trained with different hyperparameters than those in our controlled
setting.

The Average column represents the macro average over all task scores, i.e., scores are first calculated on the
task level and then their mean is used as the final average metric. In the case of BLIMP, the average of
the task scores might differ from the reported average. This is due to the utilization of different averaging
schemes. Specifically, each phenomenon has sub-categories, e.g., for the "Quantifiers" category: {"existential
there quantifiers 1", "existential there quantifiers 2", ...}, which are averaged to form the category score.
This step of first averaging per category is not performed when calculating the Average column score, which
is computed on the level of sub-categories.

2https://github.com/babylm/evaluation-pipeline-2024
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D.1 LTG-BERT - (Super)GLUE

Table D1 includes our detailed evaluation results for the LTG-BERT models and BabyLLM baselines on the
(Super)GLUE tasks. Below, we give a brief description of each task and the metric used for its evaluation.

e Corpus of Linguistic Acceptability (CoLA) [142] contains English acceptability judgments derived
from books and journal articles on linguistic theory. Each example consists of a sentence with a binary
label indicating if it’s grammatically correct. To account for unbalanced classes, it is evaluated with
the Matthews correlation coefficient — MCC [84].

e The Stanford Sentiment Treebank (SST-2) [126]. A two-way sentiment classification task (posi-
tive /negative) for sentences from movie reviews. The sentiment labels are created by human annotators.
We evaluate using accuracy.

e The Microsoft Research Paraphrase Corpus (MRPC) [29] a collection of pairs of sentences, with
human annotations indicating if the sentences in each pair are semantically equivalent. Due to class
imbalance, we evaluate using the F1-score.

e The Quora Question Pairs (QQP) 3. This dataset contains pairs of questions from the public
question-answering website Quora, where for each pair of questions the task is to decide whether they
are semantically equivalent. Due to class imbalance, we evaluate using the F1-score.

e The Multi-Genre Natural Language Inference Corpus (MMNL) [150] contains sentence pairs
annotated with textual entailment labels. For each pair of premise and hypothesis sentences, the task
is to predict whether the premise entails, contradicts, or is neutral to the hypothesis. We evaluate on
two versions of the data: matched where the test set is in the domain of the training set (MNLIL,,),
and mismatched where the test is from a different domain (MNLI,,,). We evaluate with accuracy.

e Question-answering Natural Language Inference (QNLI). This task is constructed from the
Stanford Question Answering Dataset [113] — a dataset that contains question-paragraph pairs, with
one sentence in the paragraph containing the answer to the question. This dataset is recast as a
classification problem, where for each sentence in the context paragraph, it must be determined if it
contains the answer to the corresponding question. We evaluate with accuracy.

e The Recognizing Textual Entailment datasets (RTE), [24, 5, 41, 9] a collection of data from
annual textual entailment challenges. The task is binary classification of entailment and no entailment.
We evaluate using accuracy.

e Boolean Questions (BoolQ) [22] a Q/A task where for each example a short passage and a yes/no
question is given. Evaluated with accuracy.

e Multi-Sentence Reading Comprehension (MultiRC) [67] a multiple choice QA task, where each
example contains a paragraph used as context, a question about the paragraph, and a set of possible
answers. Each answer must be evaluated independently of the others, as more than one question-answer
pair could be correct. We evaluate with accuracy.

e Winograd Schema Challenge (WSC) [72], a coreference resolution task, where the objective is to
determine the correct referrent of a pronoun from a list of noun phrases in a sentence. We evaluate
with accuracy.

Shttps://quoradata.quora.com/First-Quora-Dataset-Release-Question-Pairs
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Model CoLA SST-2 MRPC QQP MNLI,,, MNLI;ym QNLI RTE BoolQ MultiRC WSC Avg.

Strict-Small (10M)

BabyLM Baselines

LTG-BERT 0.0 85.1 82.2 34.2 68.9 68.9 76.5 58.3 68.8 58.5 61.5 60.3
BabyLlama 2.2 86.2 82.0 83.6 72.4 74.2 82.8 49.6 65.0 60.1 38.5 63.3

LTG-BERT ours

Dhaby-10M 39.7 89.9 90.4 86.4 TT.7 77.8 85.2  49.6 68.6 55.5 59.6 71.0
Diny-10M 26.9 90.1 82.6 85.8 75.5 75.8 83.0 482 67.1 50.1 51.9 67.0
+Dgen-greedy 27.5 89.9 85.0 85.3 74.8 75.9 83.4 46.0 69.1 43.3 57.7 67.1
Draby-5M
+Dtiny-5M 37.3 90.1 86.2 86.4 76.9 77.8 85.1 69.8 68.2 63.0 42.3  71.2
+Dgen-greedy 40.4 89.4 90.0 86.1 76.5 77.0 85.3 525 68.1 62.8 48.1 70.6
+Dgenmuclens1 342 90.1 871 86.4 764 77.1 84.8 525 68.1 61.7 46.2  69.5
+balanced 40.8 90.1 88.4 86.3 77.0 78.2 85.2 554 69.7 59.1 51.9 71.1
+Dgennuclens-s 347 888 887 855  T7.0 77.6 83.9 655 68.4 63.7 51.9 71.4
+Dgenmuclens-10 337 90.8  87.8 859  76.6 77.6 84.7 46.8 68.1 62.8 50.0 69.5

Strict (100M)

BabyLM Baselines

LTG-BERT 34.6 91.5 83.1 86.7 e 78.1 78.2 46.8 61.7 52.6 61.5 68.4
BabyLlama 37.3 88.3 76.2 84.5 75.6 76.2 83.1 604 66.1 62.1 38.5 69.0

LTG-BERT (ours)

Dhaby-100M 476 93.6 91.5 87.5  80.0 79.8 87.3 67.6 68.3 61.1 50.0 74.0
Dtiny-100M 30.5 90.4 86.3 86.0 77.2 7T 83.7 59.7 69.1 63.8 51.9 70.6
+Dygen-greedy 328 8.0 855 8.6  76.3 77.2 83.5 647 64.1 46.8 53.8 69.1
Dhaby-50M
+Dtiny-50M 48.9 91.7 89.7 87.4 80.4 80.4 86.2 54.7 T71.8 43.1 46.2 T71.0
+Dgen-greedy 48.2 90.8 91.0 87.2 79.5 79.8 86.4 504 71.6 62.7 42.3 T1.8
+Dgenmuclens.1  51.6 911 917  87.5 793 80.1 87.3 604 69.3 58.6 423 727
+balanced 50.2 92.2 92.2 87.2 79.9 80.7 87.2 482 70.1 62.8 48.1 T72.6
+Dgen-nucleus-5 37.2 90.8 91.0 86.8 78.8 79.5 85.1 48.2 69.6 62.0 38.5 69.8
+Dgen-nucleus-10 39.4 90.1 90.0 87.0 78.7 79.6 84.7 47.5 69.5 51.9 46.2 69.5

Table D1: Detailed GLUE evaluation results for the LTG-BERT models. Results for both the

Strict and Strict-Small tracks are included. We indicate the best model for each task with bold. We
report accuracy for all tasks except for CoLA — where the MCC is used, and MRPC and QQP — where the
F1l-score is used.
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D.2 LTG-BERT - BLiMP, BLiMP Supplement

In this section, we provide detailed BLIMP evaluation results for the LT G-BERT models. Table D3 includes
the accuracy for each grammatical phenomenon in BLIMP. A list of the grammatical phenomena and their
explanation is given below. The descriptions are taken from [143] and [38].

e ANAPHOR AGREEMENT (AA): the requirement that reflexive pronouns like herself (also known
as anaphora) agree with their antecedents in person, number, gender, and animacy.

¢ ARGUMENT STRUCTURE (AS): the ability of different verbs to appear with different types of
arguments. For instance, different verbs can appear with a direct object, participate in the causative
alternation, or take an inanimate argument.

e BINDING (B): the structural relationship between a pronoun and its antecedent.

¢ CONTROL / RAISING (CR): syntactic and semantic differences between various types of predi-
cates that embed an infinitival VP. This includes control, raising, and tough-movement predicates.

e DETERMINER-NOUN AGREEMENT (DNA): number agreement between demonstrative de-
terminers (e.g., this/these) and the associated noun.

e ELLIPSIS (E): the possibility of omitting expressions from a sentence. Because this is difficult to
illustrate with sentences of equal length, our paradigms cover only special cases of noun phrase ellipsis
that meet this constraint.

e FILLER-GAP (FG): dependencies arising from phrasal movement in, for example, wh-questions.
¢ IRREGULAR FORMS (IF): irregular morphology on English past participles (e.g., awoken).

e ISLAND EFFECTS (IE): restrictions on syntactic environments where the gap in a filler-gap depen-
dency may occur.

e NPI LICENSING (NL): restrictions on the distribution of negative polarity items like any and ever
limited to, for example, the scope of negation and only.

e QUANTIFIERS (Q): restrictions on the distribution of quantifiers. Two such restrictions are covered:
superlative quantifiers (e.g., at least) cannot be embedded under negation, and definite quantifiers and
determiners cannot be subjects in existential-there constructions.

e SUBJECT-VERB AGREEMENT (SVA): subjects and present tense verbs must agree in number.
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We also give brief explanations for the grammatical phenomena in BLIMP Supplement (Supp.) in the table
below:

e Hypernym: Evaluates the ability of models to recognize a superset/subset relationship. An example
from the dataset follows. Correct sentence : "If she spotted an eagle, it must be the case that she
spotted a bird." Wrong sentence: "If she spotted a bird, it must be the case that she spotted an eagle."

e QA Congruence Easy Evaluates whether the answer to a wh-question belongs to the correct noun
class, and generally makes factual sense. An example from the dataset, with the task of recognizing
animate from inanimate, follows. Correct sentence: "What did you cook? Potatoes." Wrong sentence:
"What did you cook? Sarah."

e QA Congruence Tricky Same as the above category, but with harder examples.

e Subject Aux Inversion Evaluates the syntactic phenomenon in English, where the subject and
auxiliary verb switch places, primarily when forming questions.

e Turn Talking Evaluates whether the correct pronoun is used when answering a question in a turn-
based dialogue. For example, a correct sentence: "Should you meet him? No, we shouldn’t.", and a
wrong sentence: "Should you meet him? No, you shouldn’t."
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Model AA AS B CR DNA E FG IF IE NL Q SVA Average

Strict-Small (10M)

BabyLM Baselines

LTG-BERT 81.3 58.2 681 485 77.6 43.8 66.8 49.7 454 682 442 60.1 60.6
BabyLlama 921 73.0 711 672 870 69.7 709 91.1 522 507 764 68.7 69.8

LTG-BERT ours

Dhaby-10M 83.8 61.0 686 489 784 349 759 510 52.1 56.2 532 68.6 62.8
Dtiny-10M 70.9 60.2 66.6 482 69.5 388 73.0 47.7 505 63.6 51.3 53.3 59.8
+Dgen-greedy 75.3 60.6 69.6 49.2 70.0 373 732 474 435 589 488 51.2 58.7

Dbaby-5M + Dtiny-5M 84.8 587 699 496 79.1 339 756 493 520 57.0 571 644 62.6

+Dygon-greedy 486 546 70.1 554 79.8 93.7 69.1 688 500 57.8 527 58.1 62.2
+Dgen-nucleus-1 79.7 589 70.2 49.2 780 349 77.2 443 495 611 56.9 64.8 62.5

+balanced 824 589 706 50.0 772 342 78.6 47.7 51.8 615 558 659  63.2
+Dgen-nuclous-5 465 547 73.2 56.1 794 885 67.7 70.0 49.1 59.7 56.8 55.6 62.3
+Dgen-nuclens-10 46.0 544 723 558 784 875 63.1 71.0 455 57.7 57.0 55.1 60.9

Strict (100M)

BabyLM Baselines

LTG-BERT 88.8 63.5 719 50.1 79.9 382 79.6 549 64.6 781 48.6 822 69.2
BabyLlama 98.1 775 733 732 93.7 822 735 868 580 464 68.0 771 73.1

LTG-BERT ours

Dhaby-100M 86.5 62.6 69.5 536 79.9 332 87.5 450 57.3 39.1 522 74.8  64.0
Diiny-100M 82.0 604 70.1 515 749 361 785 505 54.0 50.5 49.2 56.6 61.2
+Dgen-greedy 822 61.8 69.9 50.6 732 338 777 509 549 531 452 57.2 61.1

Diaby-50M + Dtiny-50M  85.4 62.8 69.9 529 802 33.0 87.1 51.7 58.2 50.8 534 74.2 65.5

+Dgen-greedy 446 60.6 67.8 60.6 84.0 91.2 77.7 713 57.7 625 515 69.9  66.8
+Dgen-nucleus-1 823 61.3 71.7 517 80.3 328 842 471 552 614 53.9 73.2 65.6

+balanced t 83.3 627 695 524 798 325 853 505 580 54.9 494 742 65.2
+Dygen-nucleus.5 449 607 70.6 60.3 821 91.2 759 71.7 51.8 67.8 439 63.9 65.6
+Dgen-nucleus-10 480 60.1 70.8 59.3 81.9 90.8 73.0 73.5 53.0 588 520 60.7 64.7

Table D2: Detailed BLIMP evaluation results for the LTG-BERT models. Results for both the
Strict and Strict-Small tracks are included. We indicate the best model for each task with bold. We
report accuracy for all tasks.

104



D. Detailed Evaluation Results

Model Hypernym QA Cong. Easy QA Congr. Tricky Subj. Aux Inver.

Turn Talking Avg.

Strict-Small (10M)

BabyLM Baselines

LTG-BERT 54.2 62.5 49.1 79.9 58.2 60.8

BabyLlama 49.6 54.7 41.2 86.0 66.1 59.5

LTG-BERT (ours)

Dhaby-10M 53.2 70.3 55.8 75.8 63.2 63.7

Dtiny-10M 55.0 71.9 40.0 49.8 54.3 54.2
+Dgen-greedy 52.7 75.0 43.0 62.7 55.4 57.8

Dpaby-5M + Dtiny-5M 54.6 70.3 56.4 63.3 58.9 60.7
+Dgen-greedy 54.8 75.0 52.7 59.3 59.3 60.2
+Dgen-nueleus-1 55.9 68.8 55.2 72.9 58.9 62.3

+balanced 51.8 65.6 56.4 65.4 57.5 59.3

+Dgen-nucleus-5 53.9 70.3 54.5 58.1 57.1 58.8
+Dgen-nucleus-10 52.9 68.8 54.5 60.6 55.0 58.3

Strict (100M)

BabyLM Baselines (ours)

LTG-BERT 55.0 75.0 53.3 87.5 61.4 66.5

BabyLlama 45.6 56.2 44.8 83.9 72.5 60.6

LTG-BERT (ours)

Dhaby-100M 52.0 76.6 58.2 86.6 64.6 67.6

Dtiny-100M 53.0 79.7 57.6 62.6 63.2 63.2
+Dgen-greedy 55.0 78.1 53.3 51.9 59.6 59.6

Dhaby-50M + Dtiny-50M 52.1 78.1 53.3 79.3 65.0 65.6
+Dgen-grecdy 52.5 76.6 53.3 69.7 64.6 63.3
+Dgen-nucleus-1 53.4 76.6 53.9 75.0 66.1 65.0

+balanced 53.1 71.9 55.8 71.3 65.4 63.5

+Dgon-nuclous-5 54.0 73.4 53.9 76.5 63.9 64.4
+Dgen-nucleus-10 52.6 71.9 49.7 77.5 65.0 63.3

Table D3: Detailed BLiMP Supplement (Supp.) evaluation results for the LTG-BERT models.
Results for both the Strict and Strict-Small tracks are included. We indicate the best model for each
task with bold. We report accuracy for all tasks.
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D.3 LTG-BERT - EWoK

We provide detailed evaluation results of the LT G-BERT models for the EWoK benchmark. For each domain
of general world knowledge in EWoK, we report the accuracy of the models. We give a list of the included
domains and their abbreviations below along with a brief summary. We point to [55] for more details. Results
are presented in Table D4. For the evaluation, the official pipeline from the 2nd BabyLLM Challenge was used
[21, 35].

e Agent Properties (AP) Evaluates the recognition of a conscious agent’s properties, like a belief,
preference or feeling.

e Material Dynamics (MD) Evaluates the recognition of a material’s dynamics, with concepts such
as drip, flap, splash, and rip.

e Material Properties (MP) Evaluates the recognition of a material’s properties, such as bounciness,
coldness, softness etc.

e Physical Dynamics (PD) Evaluates the recognition of an object’s physical dynamics, such as accel-
eration, growth, falling etc.

e Physical Interactions (PI) Evaluates the recognition of physical interactions between objects, such
as attraction, repelling, collisions etc.

e Physical Relations (PR) Evaluates the recognition of physical relations between objects, e.g., at-
tachment, size comparisons, and which contains the other.

e Quantitative Properties (QP) Evaluates the recognition of quantities of objects, e.g., a lot of,
enough, more.

e Social Interactions (SOI) Evaluates the recognition of social interactions between agents, e.g., co-
operate, deceive, help, flirt etc.

e Social Properties (SOP) Evaluates the recognition of social properties of an agent, e.g., boastful,
dominant, friendly.

e Social Relations (SOR) Evaluates the recognition of social relations between agents, e.g., parent,
landlord, stranger/

e Spatial relations (SPR) Evaluates the recognition of spatial relations between objects, agents, or
both, e.g., above, below, left, front.

When trying to reproduce the EWoK evaluation results for the LTG-BERT baseline models of the challenge,
we observed a stark contrast between the scores reported by the organizers and our own evaluation. Table D4
includes both set of results. Discussions with peers from the community point to an inherent instability in
the LTG-BERT architecture, that might result in markedly different evaluation scores across machines and
software distributions. Nevertheless, the difference in performance is consistent between all the LTG-BERT
models, enabling a fair comparison between our models.
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D. Detailed Evaluation Results

Model AP MD MP PD PI PR QP SOI SOP SOR SPR Average

Strict-Small (10M)

BabyLM Baselines

LTG-BERT 50.2 51.0 453 42,5  49.1 51.0 48.1 51.7 53.4 50.6 45.3 48.9
LTG-BERT — our eval 75.5 874 46.5 36.7 60.6 81.7 54.8 53.7 44.5 80.4 71.8 63.1
BabyLlama 50.5  51.7 494  54.2 50.4 50.6  53.5 50.7 50.3 49.8 46.7 50.7

LTG-BERT (ours)

Dhaby-10M 74.2 80.1 61.2 46.7 65.5 86.8 51.3 52.7 58.8 80.6 69.8 66.2
Diny-10M 72.4 85.3 63.5 50.8 66.4 83.1 52.5 54.8 50.9 79.7 77.8 67.0
+Dgen greedy 734 819 571 475 624 820 471 548 473 781 700 63.8
Dhaby-5M
+Dtiny—5M 74.8 84.0 55.9 55.0 64.9 88.4 55.7 60.9 49.4 77.3 66.5 66.6
+Dgen-greedy 75.5 85.6 54.7 40.0 66.5 82.8 53.5 60.9 54.6 76.9 70.0 65.5
+Dgen-nuclous-1 748 844 50.0 450 63.5 87.3 427 571 512 751 718 63.9
+balanced T 76.9 83.8 52.4 51.7 66.5 85.8 48.7 55.8 48.2 78.4 72.4 65.5
+Dgen-nucleus-5 75.7 81.7 61.2 49.2 66.5 85.3 53.5 54.1 50.6 77.3 68.4 65.8
+Dgen-nuclous-10 76.9 817 524 425 65.8 828 522 575 543 751  76.7 65.3

Strict (100M)

BabyLM Baselines

LTG-BERT 50.1 55.8 50.6 58.3  48.9 509 53.8 514 50.8 53.8 51.4 51.2
LTG-BERT - our eval 784  83.9 53.5 41.7  66.9 82.3 535 60.9 48.5 82.2 70.4 65.6
BabyLlama 50.1 55.5 50.0 57.5 51.4  50.5 56.7  52.7 49.7 50.0 49.0 52.1

LTG-BERT (ours)

Dhaby-100M 76.8 86.0 45.9 50.8 59.0 84.1 52.2 52.4 39.9 77.1 66.1 62.8
Diiny-100M 728 847 306 583 610 80.1 567 46.6 59.1 787 655 63.1
+Dgen-greedy 76.6 84.2 40.0 53.3 61.0 82.3 50.0 47.6 54.0 80.5 71.8 63.8
Dhaby-50M
+Dtiny-50M 74.7 85.3 47.6 35.8 55.6 82.2 52.9 49.0 54.0 76.2 74.3 62.5
+Dgen-greedy 73.7 86.4 62.4 37.5 64.0 85.3 47.1 56.8 53.4 78.4 69.6 65.0
+Dgennucleus-1 743 855 64.1 400 624 844 545 483 518 T84  66.5 64.6
+balanced t 76.9 85.2 52.9 36.7 62.6 85.8 47.5 56.8 55.8 78.3 68.4 64.3
+Dgen-nuclens-s 76.9 864 347 342 604 842 551 50.7 476 750 684 61.2
+Dgen nucleus-10 756 87.1 559 425 617 817 B5.7 527 518 785  66.3 64.5

Table D4: Detailed EWoK evaluation results for the LTG-BERT models. Results for both the
Strict and Strict-Small tracks are included. We indicate the best model for each task with bold. We
report accuracy for all tasks.
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D.4 GPT-Neo — BLiMP, BLiMP Supplement, EWoK

We report detailed BLIMP, BLIMP Supplement (Supp.) and EWoK results for the GPT-Neo models trained
: m € {5M, 10M, 25M, 50M, 75M, 100M, 440M}. We also
include results for the model® released by [31], trained on 373M words of the first version of the TinySto-

on various amounts of TinyStories data, Diiny-m

ries dataset. Table D5 includes results for the BLIMP benchmark, Table D6 for the BLIMP Supplement

benchmark, and finally Table D7 lists results for the EWoK benchmark.

Model AA AS B CR DNA E FG IF IE NL Q SVA  Average
5M 80.6 61.0 61.1 56.7 63.1 45.8 62.7 81.8 42.1 28.3 54.0 57.3 55.5
10M 79.8 636 614 58.1 68.5 514 624 921 46.8 35.1 58.2 56.6 58.4
25M 889 65.0 653 58.2 69.0 59.5 65.2 830 43.1 41.0 59.0 55.3 59.9
50M 91.7 679 633 629 73.1 61.4 65.7 96.2 429 496 66.3 56.2 62.8
75M 92.7 68.6 67.7 65.1 73.2 587 68.1 955 444 525 64.1 56.4 64.0
100M 92.6 68.7 69.2 65.5 72.7 58.7 679 96.0 48.7 50.8 68.0 56.8 64.8
440M (V2) 93.3 70.3 675 65.7 75.6 60.8 66.9 949 46.0 50.6 62.7 58.5 64.6
373M (V1) 92.1 70.1 66.7 64.0 73.0 63.2 62.9 87.4 54.7 52.9 63.9 58.7 64.8

Table D5: Detailed BLiMP evaluation results for the GPT-Neo models

benchmark phenomena.

. We report accuracy for all the

Model Hypernym QA Cong. Easy QA Congr. Tricky Subj. Aux Inver. Turn Talking Avg.
5M 49.5 50.0 35.1 77.4 56.8 53.8
10M 47.7 54.7 29.7 66.8 59.3 51.6
25M 49.5 56.2 41.8 65.4 62.5 55.1
50M 47.0 57.8 30.9 62.1 66.1 52.8
75M 48.9 59.4 35.8 61.8 68.2 54.8
100M 47.1 54.7 31.5 62.2 58.6 50.8
440M (V2) 46.2 54.7 33.3 71.1 70.0 55.1
373M (V1) 46.9 75.0 35.8 78.0 68.9 60.9

Table D6: Detailed BLIiMP Supp. evaluation results for the GPT-Neo models. We report accuracy for
all the benchmark phenomena.

4https://huggingface.co/roneneldan/TinyStories-33M
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D. Detailed Evaluation Results

Model AP MD MP PD PI PR QP SOI SOP SOR SPR Average
5M 50.4  51.4  51.2 55.8 51.1 50.2 52,5  53.1 49.1 50.0 46.9 51.1
10M 51.1 53.9 56.5 56.7 489 50.0 51.3 53.1 48.8 51.0 49.6 51.9
25M 50.6 59.1 494 60.0 51.1 52.1 54.1 50.7 50.0 50.1 49.6 52.4
50M 50.5 60.4 55.3 56.7 514 516 554  50.3 50.6 50.3 50.6 53.0
75M 49.7 575 53.5 62.5 51.3 51.8 56.0 52.7 51.8 49.8 50.2 53.4
100M 51.1 58.4 58.2 59.2 50.5 51.1 55.7  51.7 50.6 49.4 47.8 53.1
440M (V2) 51.5 60.5 56.5 58.3 50.7 52.2 58.6 53.1 52.4 50.6 49.0 53.9

373M (V1) 51.2 57.0 55.3 575 53.1 505 58.6 55.8 53.4 50.7 51.0 54.0

Table D7: Detailed EWoK evaluation results for the GPT-Neo models. We report accuracy for all the
included domains.
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