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Abstract

The effectiveness of explicit training on second language (L2) offline comprehension
and production has been demonstrated by numerous studies. Yetadaly studies
have investigated training effects on online processing, and the fintindgte are
inconclusive. Theurrentstudy investigated the effects of teachiegplicitknowledge
with input-basedpractice on L2 English relative clauses learrimgddition how
native English speakers process and produce relative clauses was also investigated.

79 Chinesespeaking L2 learners and 21 native speakers were involved in the study.
The L2 learners were randomly assigned to either a parsing (n=27), input flood (n=26),
or testonly (n=26group. The tests measured offline (aural sentepagture matching)
and online (seHpaced reading and vislsvorld eyetracking)comprehensionoral
production picture description), and metalinguistic knowledge (written
sentencepicture matchingwith explanation¥ administrated in a pre one-weekpost-
andthree-weekdelayed postest design. The L2 learners attended all test phased
the native speakers onpttendedthe pretests. Between the preandpost-test, the
parsing parsing strategies with explicit information and pracjiead the input flood
(exposure o the target structureygroupreceived two 3eminute training sessions.

The resultdrom the native speakers demonstrated tlegpectedasymmetry
between subject relative claus¢SRC) and object relative clag$®RC)The results
from the L2 learners gggested that the explicit training developed offline
comprehension, production and metalinguistic knowledge. \¢engallimprovements
were also foundn one onlinemeasure butonly for SR& The input flood group did
not havesignificantgains inany measures, relative to the testonly group The findings
contribute to our understandingbout the effects oexplicit trainingon online and
offline processingproduction and knowledge of synteallowing small amount of
practice, effects oéxplicittraining seemed to be reliably observable on offline
measures, potentially observabim online measures for a structure that is easier to
process (SRCs), and not likely to be observed on online measures for a structure that is

more difficult to process (ORCs
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Chapterl Introduction

1.1 The research context

Research intevhether andhow explicit trainingcanaffectL2 grammar learning has
been widely conducted for several decades. Numerous studies haverdrated that
explicit training could facilitate L2 comprehension and production (see research into
processing instruction, e.g., Marsden, 2006; Marsden & Chen, 2@hPatten&
Cadierng 1993a, 1993b; VanPatten\&ong, 2004; for reviews, see Long, 1988rris
& Ortega 2000). Nevertheless, the extent to which the effects of exghaibing could
be observed in online measuresstill debatable

Commotty, it is regardedhat online measures detect the way afaltime
processing (Keating & Jegerski, 2015). VanPatten and Cadierno (1993a) proposed that
secondanguag€gL?2) learners could be trained to process differently by providing them
with strategies related to forameaning connections. However, studies thatked into
the training effects in online processing generated inconsistent results. Some studies
showed evidencsupportingthe idea thattraining effects could be found in online
measures (e.g., Hopp, 2016; McManus & Marsden, 2017), while the othérateuil
that L2 learners did namprove (increase the speed or accuracy of) tlogiline
processing (e.g. Andringa & Curcic, 2@M&cos& Henry, 2021). In addition, the
previous studies thahaveexamined online processing over time focused on training
morphosyntax structurethat have referential meanin@gsuch as number, tense,
animacy)n the real world. To the bestf ourknowledge, no published study hgst
investigated whether the processimg syntax éuch as, in the case of the current study,
the word order and role assignment English relative clause) could be altered through
explicit training.n addition, to the best of our knowledge, no study has yet used
Yhstruction and practiceluring parsinglo investigatewhether suchtrainingcan affet
offline and/or online processing. It is important to have a better understanding of these
issues for the purposes of both learnitigeory and pedagogy.

TheEnglish relative clause is a complex angdortant structure which is
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frequently used in everyday communication aachdemidanguage. A great number of
studies have been conducted to explore how native speakers and L2 learners
comprehend and produce relative clauses (eDgessel & Tomasell@005;Keenan &
Comrie 1977; Km & Q®Brady, 20167raxler, Morris & Seelg002). Thosetudieshave
demonstratedthat the SRGs easierto comprehend and producthan the ORCand

the animacy of the head noun might affect the difficulty of the comprehension and
production of ORC. However, to the bes$tour knowledge, no study has explored
whether teaching grammatical role assignmenttoé two nouns(the one in the main
sentence and one in the relative clauge)relative clauses could facilitate the learning
of relative clauseand whether the training effects would be affectby the type of
relative clauseMoreover,despite the existing body of search,it remainsworth
investigatinghow native English speakers assign grammatical roles to the two nouns
during processing relative clauses in reale and whether different patterns could be
observed in different types of relative clauses.

The current study attempted to filheseknowledgegaps by investigatinghe
extent towhichteaching parsing strategi€se., providing information and practice
during parsingdf relative clausesanbenefit processing and learning of L2 English
relative clauses. Theerformanceof the native English speakers in comprehension and
production was alsdocumentedas a baselingin part to check the validity of the
measures usedlhe study aimed to address tf@lowingresearch questions (RQs).

1) Which type of relative clause (SRC vs. @R@dre difficulin onlineand offline
comprehension, productionmetalinguisticknowledge andwhat isthe role of animacy
of the main clause notth

2) To what extent can teaching parsing strategies, with explicit information and
practice, exposure along no exposurdtests alone)develop the learning of relative

clauses?

1.2 Outline of the thesis

Chapter 1 illustrates the context of tleeirrentstudy. Chapter 2 presentke literature

review in three sections: 1) relative clauses, 2) instruction abelging the learningf
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relative clauses and 3) rationdiar the current studyIn the first section, the studies
relatedto processing SRC and i@ the influence of the head animacy and the first
language (L1) are discussed. In addition, this section also reviews studies about the
relationship between metalinguistic knowledge and language abilitiyamelative

clause. In the second section, thierature related to whether explicit training could
facilitate online and offline processing aatsoproduction andcontribute to L2

learning is discussed initially. Then, the research into processing instruction, sentence
processing and parsing straies, and inputlood is reviewed critically. The third

section provides the rationale and puts forward the research questions of the current
study.

Chapter 3 presents the methodologicebnsiderations and methods used in the
currentstudy. The ethical ca@nderations and the information about the participants
are provided initially. Then, the design of the outcome measures and the training
sessiong@re describedn detail.

Chapter 4 presents the results related to each research question respectively, and
theresultsare detailed separately for each outcome measure. The findings in relation
to each research question are critically discussed in Chapter 5.

Chapter 6 is the conclusioA.summary of the study and the findings are provided.
Some of the kelimitations of the studyare identified, anduggestions abouurther
studiesare put forward. Finally, the contribution of the study the field of second

language acquisitioresearch igliscussed.
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Chapter 2 Literature review

This chapter reviews the prus literature from three aspects. First, the literature
related to the target structure§elative clausesh the current study will be discussed
in section 2.1. Second, the research iailicittrainingof L2 learnersvill be analysed
in section 2.2Finally, section 2.3 williresentthe rationale of the study and put

forward the research questions with hypotheses.
2.1 Relative clauses

Relative clause belongs a type of subordinate clause which is used to modify a noun
in the matrix(or main)clause Tallerman 2014).Sentences that contain relative clauses
are complex sentences and are frequently useldath everyday and academic
language. In a relative clause (e-the cat that chases the dog is Rithe first noun of

the sentencgcat) is called the\Head nourand that(ls the relative pronoun. A relative
pronoun is used to introduce a clause. If the pronoun is the subject akthéve

clause, the relative clause is called the subjetdtive clause (SRGyhereasif the

pronoun is he object of the clause, the relative clause is called the object relative
clause (ORC). There are two types of ORCs, direct ORCHe.gat that the dog

chases is bjgand indirect ORC (e,@iThe man whom | give the book to is my
colleagué, 1zumi, 203, p.288). The current study will use SRC and direct ORC as the
target structures, and®RCln this thesis refers to direct ORGnly

2.1.1 Processing subject and object relative clauses

A variety ofstudieshave demonstrated that SRCs are easier tom@nend and

produce than ORCs (e.Diessel & Tomasell@005;Keenan & Comrigl977; Kim &
O@Grady, 20167raxler, Morris & Seelp002). For instance, Diessel and Tomasello (2005)
investigated how monolingual natiMenglish children used relative clauses in sentence
repetition tasks. In the study, the children were engaged in a gaased experiment,
and they were required to repéaentences after the researcher. The resulggested
asubjectobjectasymmetryof relative clauses that the children made fewer

mistakes in repeatingRE& compared to th®©ORG. In addition, similar findingsere
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found by Traxleret al. (2002)in a $udy conducted with adultshat usedreadingbased
eyetracking tests. In the study, the participants spent more time reading ORCs than
SRCs, whicsuggestedhat ORCs tended to be modifficult than SRCs.

In general, three potential reason@yorking memory limitations, syntactic factors,
and perspective shiftirgwere usually used to explain thesibjectobject asymmetry
(Traxleret al., 2002, p.70). Tisethree reasons will bériefly describedespectively as
follows.

Working memory limitations
Working memoryplays a role in language processing, and processing ORCs usually
requires higheworking memory demands tha®RCs (e.gibson 1998;Traxleret al.,
2002; Traxler, Williams, Blozis & Morr8005). The relative clause is a typesibicture
that containsa dependency between $iller Qthe entity that will be needed later in
the parsinganda ‘agithe place where théfiller Quill need to be activated in the
parse) andfiller-gap dependencies lead to the processing difficulty (Hawkins, 1999).
The difficulty level of processing each type of relative clauses depends on the distance
between filler and gap.onger distancemake relative clauses harder to process
because tke filler and thefollowinginformationneed tobe kept in working memory
until the gap appeardHawkins 1999;0'Grady, Lee, & Chpga003). In SR(Cthe
distancebetween the filler and theap is one word, while there can bdourword
distance between th filler and the gap in ORee example 1).
Example 1:
a. Subject relative

the manthat[__likes the womah

linear distance between the gg@phownby _ )and the headman)=1 word(i.e.,
thatQ
b. Direct object relative

the manthat [the woman likes ]

linear distance between the gap and the head words(i.e., that the woman likes)

(Example 1 is cited fro@'Gradyet al., 2003, p.434
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Note: O'Gradyet al. (2003) named filler 8HeadQThe fillers in the example were
marked in bold.

Toclarify, in the SRC, the processor only needs to keep the relative pronoun (in
example 1thatQin working memory. However, the head nodimanChas to be
retained in working memory until the end of the clause when processm@RC. fius,
SRCs areasierto process compared to OR@scording to an account based on
limitationsin working memory
Syntactic factors
A syntactic factor coul@lsobe used to explain why SRC is easier than GR&ldon
(1974) put forward a paralldélunction hypothesis. It states that ¢éhrelative clauses in
which the subject of theelativeclause is the same as the sentential subject are easier
to process than the relative clauseswhichthe subjects of theelative clause andhat
of the sentence are differentfiessel 2004). In the&SRC (e.gThe cat that chases the
dog is big, WatQs the sentential subject as well as the subject of the clause; however,
in the ORC (e.gThe cat that the dog chases is hithe sentential subject igatQwhile
the subject of the clause ogQThus, when processing relative clauses, the parser
wouldfirst attempt to regard the sentential subject as the subject of the clause
(otherwisea possible gap would appear immediately after the subjéexleret al.,
2002). Thisnitial parsing attemptvould cause the misanalysis of ORGt not for SRCs,
which leads to ORCs be malficult to process compared to SRCs.
Perspective shifting
The gerspective shifting account states that when the sentential subject and the
subject of the clause atieacorsistent perspective shiftingeeds tohappen Traxleret
al., 2002). In processing sentences containing ORCs, the processors would shift their
perspective when they notice the subject of the clause is different from that of the
matrix. In addition, they wuld need to shift the perspective back to the processing of
the matrix when theelative clause finishes. Howevdrgcausehe subjects of the
matrix and the clause are the same in SRCs, perspective shifting would rexuired

during the processing. Ahifting perspectives is usually consideredasstlyand
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time-O 2 Yy & dz{TiaxleREal., 2002, p.71), from this aspect, SRCs are easier to
process than ORCs.
2.1.2 Influence of animacy isubject and objectelative clause processing
In processing relative clauses, many stutiagefound that the animacy of the head
noun can influence the difficulty of ORCs (&igld, Brandt, Lieven & Tomasel&D07;
Macdonald, Brandt, Theakston, Lieven & Serratra20;Traxleret d., 2005). Cqus
studies have showthat in natural English conversation, the ORCs with inanintegtad
nouns and animate nouns the clauses are more frequently used than the ORCs with
two animate nouns (Fox & Thompson, 1990; Kidd et al., Rédli & Christiansen
2007). Theysuggested that the structure that has a higher frequencgaaiurrences
easier to process. Thus, the ORCs with inanimate heads are predicted to be easier to
process than tbhsewith animate heads.

In addition to corpus studiespme empiricalstudieshavealso found evidence
that the animacy of the head noun couldet the difficulty of ORC processing, and
ORCs with inanimate heads could be easier than those with animate heads under some
circumstances. For example, Maanald et al. (2020) irestigated the influence of
animacy in online and offline comprehension of subject and object relative clauses
with children and adults. Visualorld eyetracking tests with comprehension questions
were used and the animacy of the head noun (the first npamd the noun of the
clause (the second noun) was manipulated. For each item of the tegpattieipants
heard one sentence and saw a pair of reversible pictures. The participants were asked
to listen to the sentence and decide which picture matchedgbetence once they
knew the answer. Two experiments were conducted in the study. Experiment 1
manipulated the animacy of thigrst noun of thesentence and thesecondnoun was
always animate (e.g. BWhere is the tractor that the cow is chasir(g.10), the first
noun isactorand the second noun owQ. The results showed that the children
hadhigheraccuracy scores and faster reaction time of deciding the matched picture in
SRCs relative to ORCs regardless of the animacy of the firstamodi ORCs with

inanimate first noun generated higher accuracy scores than those with the animate
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first noun. Meanwhile, the adutscored at ceiling for both types of relative clauses,
and they always respmled to SRCs faster than ORQsath animate ad inanimate
conditions. In addition, it was observed that the inanimate first ndidnot help
childrenor adults to expect an ORC, and they were likely to initralinterpretthe
ORCs as SRCs when the first nouns were inanimdsen Wie first nouns wre animate,
both children and adults parsed the SRCs and ORCs in a similar pattern.

Experiment 2 fixed theecondhoun as inanimate while the first noun either could
be animate or inanimate.hEre were two differences between thesultsof
experimentl and 2. In experiment 2, the inanimate first nodia not increase the
accuracy or shorten the response tirfrelative to an animate first nouni the
comprehension of ORCs for childr@vhereas it did irexperimentl). Moreover, the
adults did not shova preferencefor SRCser ORCsvhen the first nouns were
inanimate(whereas in experiment 1, they showed preferences for SR@sjall,
MacDonald et al. (2020ndicated that arinanimate first noun might reduce the
difficulty of ORC in childr&@noffline canprehension when the second noumthe
sentence was animate. However, children would expacsRC when the head noun
was inanimate regardless of the animacy of the second noun @shdivedonly this
tendency when the second noun was animate).

To summarise, the corpus analyses anapiricalstudies indicate that the ORCs
with inanimate heads are likely to be easier than those with animate heads in offline
comprehensionHowever, the inanimate heads are unlikely to alter the subgdsject
asymmaery andthey are unlikely tanake the ORCs easier than SRCs.

In the current study, SR@nd ORE€were used as target structureBothonline
and offline comprehension and production of the target structures were examined.
previous studies, thenfluenae of the head noun animacy on the difficulty of
processing relative clauses has been considered, so in the current studyithacyof
the head noun was manipulated. The SRCs and ORCs with animate and inanimate
heads (SR&, SRZ, OREA, OR&) were addessedseparatelyas fourindependent

structures, and all the head noufihe first noun in the sentencef the relative

46



clauses serwias the subject of the sentences. Each type of relative cl¢eRE and
ORC) hatioth animate and inanimate nouns of tiséauses (the second noun), and the
number of these items was balanced (there were equal numbers of relative clauses
with animate and inanimate nouns). However, the research question in relation to
animacy focused only on the animacy of the noun of thermaiause (the first noun),
not that of the noun in the relative clause (the second noun). Thisdause for time
and participant fatigue reasons, there were insufficient items to manipulate the
animacy of the nouns in the relative clauses experiméntal

2.1.3 Metalinguistic knowledge anthnguage abilityof comprehendng and
producingrelative clause

Metalinguistic knowledgéis the knowledge abotit y 2 ¢ t $ARIESSrE, Clapham &
Steel| 1997, p.95) which refers t@xplicit knowledge about categories (et#pounQ
YWerbQ@djective) as well as explicit knowledge abdhe relationshipbetween
categories (e.g$ubject of the main clausk (Roehr, 2006p.183; Roehr, 2008).

Some researcheysvorking from a skill@uisition (or information processing)
theoretical perspective, havguggested thainetalinguisticknowledgeis associated
with language proficiencye(g.,Roehr, 2008). Roehr (2008) tested the L2 proficiency
and the metalinguistic knowledge with Englgyeaking L2 learners of German. The
participants included 34 firstear and 26 fourtkyear undergraduate students who
studied Advanced German at a University in the UK. It was found that the grammar and
vocabulary knowledge of the advanced L2 learners fiheth-year students) was
stronglypositivelycorrelated with their metalinguistic knowledgeloweverthis
correlation for the lower proficiency L2 learners was weaker comparéilatoof the
higher proficiency L2 learners. The results revealed that Zhearners who have
higher language competence might have maral bettermetalinguistic knowledge.
This finding was again8idersonet al. (1997)which found that metalinguistic
knowledge was not correlated to L2 proficiency. The inconsistent resut® @ivo
studies mighbecausdhe participants in Roehr (2008) received fefocused L2

treatment at the universityand may have specific characteristics as learners, such as
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high ability to understand grammatical ruless noted by Roehr (2008), the fings in
the study might not be generalised to other groups of L2 learners. Thus, the
relationship between L2 proficiency antetalinguisticknowledge competence is
inconclusive.

Native speakers whare not given(or retain)explicitinformation about theirfirst
language might not have much metalinguistic knowledge. Green and Hecht (1992)
measured the metalinguistic knowledgé pupils about theit.1 Thepupils were asked
to correct the errors an@xplainthe roles. It was found that the native speakersiicb
successfully correct the errors but la&ckthe ability to explain the nature of the errors
(the underlying rules).

Some studiescludedmetalinguisticknowledge test as a measure of training
effects for L2 learners (e.d<asprowic& Marsden 2018) Kasprowicz and Marsden
(2018)providedexplicit information with inputbased practice about German
casemarking to L1 English speakers. It was found thatparticipants did not have
metalinguisticknowledgeabout the target structures before the trainingnd they
showed improvement after the trainin@his indicated that the explicit training could
facilitate the gains of metalinguistic knowledge on target structures.

Oneconcern of the current study is to investigahe extent to which the L2
learnerscould gain metalinguistic knowledge about relative clauses traming. A
metalinguistic knowledge test wasedto explorewhetherthe native speakers and L2
learners have the metalinguistic knowledge about relative clauses, and whether the L2
learnerscould gain theknowledgefrom the training (with expliciknowledgegiven,
versus exposure to the structure alone) or even from taking the tests alone.
2.14Influence of L1 in relative clause processing
It is generallypelievedthat L1would influencel2learning at leasin some aspectsf
the learning processlmostregardless of the broad theoretical framework being
adopted(e.g. N.C. Ellis, 200@nin & Montrul 2010;Schwartz 1998). L1 can facilitate
L2 learning and processing when the two langsalgave the same grammar feature; in

contrast, if the grammar feéare of L2 does not exist in L1 or if idifferentin some
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way, theL1 mightmpedelL?2 learning and processing (Hopp & Lemmerth, 2016).
Tolentinoand TokowicZ2014) found that the effecteness of L2 grammar instruction
was modulated by the relationship between thednd the L2They found that when a
structure had existed in both the L1 and the L2 but it was different in some way, then
instructionthat simply highlighted the differenceas useful (and giving a rule did not
provide additional benefits). However, for a completely different L2 feature (that was
unique to the L2), instruction that also provided a rule was beneficial.

Of relevance to the current study is that bdimglish an€Chinese languages have
relative clauses, but the constructions atéferent. The differences the construction
in the two languages might influence h&@hinesespeaking L2 learners of English
process English relative clausesdascribedn 2.1.1, ithas been foundhat SRCs are
easier than ORCs in EngliSlome researchers state thahiGese SRCs and ORCs have a
similar asymmetry patternatEnglish (e.g. Lin & Bever, 2006; Pu, 20031).example,
Lin and Bever (2006) conducted a SPR test, andftlueyd that the participants read
the relative pronounDein Chinese) and the head noun faster in SRCs compared to
ORCsPu (2007stated that in the discourse level, Chinese SRCs are more frequently
used than ORCs. These two studies indicate a subjeierenee in processing and
producing Chinese relative clauses

However, many researchers argue that the asymmetry between Chinese SRCs and
ORCs could hbihe oppositeof the asymmetry found ifenglistrelative clausesin other
words, Chinese SRCs might berendifficult than ORCs (s€&hen, Ning, Bi & Dunlap
2008;He, Xu& Ji 2017;Hsiao & Gibsom2003;Su, Lee & Chung@007; etc.). One
possible reason which could be used to explaindilerent asymmetrybetween
English and Chinese relative clauses idifferent word orders of the relative clauses
in the twolanguagesEnglish relative clauses are haadial sentences in which the
fillers (heads) appedrefore the gapswhile Chinese relative clauses have the fillers
after the gapsHKleet al., 2017; see example 2). From fterspectiveof working
memory limitatiors, Chinese SRCs have more words between the filler and the gap

(one-word distancecomparedto ORCs (fivevord distance), which means that
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processing Chinese SRBsld take moe memory load than ORCs. Thus, in Chinese,
SRCs are likely to be more complex than ORCs.
Example 2:

a. SRC

~

loap  Dp ] filler B B A
[gagGongdi YiYuan DieLVShiier BuXiHuan N&/ei Zheng Ke

[qap Attackedsenator deJlawyerses R2 Say Qi t A 1.8 GKF G LIR2fAGAOA
Thelawyer sier[that g @ F GO F O1 SR GKS a8yFi2NB R2Say
b. ORC

~

[ Do gap | filer B B A
[YiYuan GongJyap D€l L\Shiier BuXiHuan NaWei  ZhengKe]
[Senator attackegqpde]lawyermes R2 Say Qi t A1 S GKFG LIR2EAGAOA
Thelawyer sier [that the senator attackega, R2 Say Qi fA1S GKS LRt ;
(Example 2 adopted frodeet al., 2017, p.1069)

Indeed, severatmpirical studieprovideevidence that supports the hypothesis
that the Chinese ORC is easier than SRC. Chen et al. (2008) investigated how low and
high working memory span readgrsocess Chinese SRC and @Rseltpaced reading
tests. The results indicated that low memory spaaders had slower reading time in
the SRCs compared to the ORCs. Similar findiagsobservedby He et al. (2007). The
experiment was conducted usirsgntencepicture selection and seffaced reading
tests.It was found that when the head nowmasthe sentential subject, the ORCs had
higher accuracy scores and could be read faster compared to SRCs.

In sum, Chinese relative clauses are different froostof English. Because the
word orders of the relative clauses in the two languages are differeatafiymmetry
in terms of processing difficulgiso might be differentAlthough the current study did
not examine the existence or nature of this créisguistic difference (as examining
relative clauses in Chinese L1 was beyond the scope of the stidyxasdinguistic

difference nevertheless served as a rationale for selecting this linguistic feature as our

target for a training experimentt is possible that the crodmguistic difference could
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lead to difficulty for Chinesspeakingenglish leararsin comprehendng and
producingEnglish SRC and ORC, and therefore, they may perform in a different way
relative tonative English speakers.

(Note, n the current study, Chinesgpeaking L2 learners of English axative
English speakers will be invet; but the performanceof L2 learners and native
speakers will be analysed separajely it was not appropriate to compare the two
groups as they were different in many ways that could affect processing and producing:

age, educational and language leaibackground).

2.2 What does the research into instruction tell us about helping the

learning d relative clauses?

2.2.1 Carexplicittraining affect offline and online processing and help learnthg
Explicit trainings where the instructor or materiatprovide learners with information
about L2 grammar rules or direct them to search for réi@sorgan-Short, Steinhauer,
Sanz & Ullman2012, p.933). There are many types of explicit training, including
instruction which cafllearnergattention to meaning forms, orthe integration of
forms and meaningNorris & Ortega2000). So far, the effects explicittraining in L2
learning has been widely investigated (e.g. Andringa & Curcic, 2015; Hopp, 2016;
Marsden & Chen, 2011; McManus and Marsden, 20l6f1is & Ortega2000; Long,
1983; Wong & Ito, 2018)t is generallyagreed that explicit training can facilitate L2
learning at least in offline processifige., comprehension demonstrated after the
relevant input sentence is complete) and producti&eme tudies have also suggested
that explicit information and some kinds of practice might also be able to promote
online processing.

2.2.1.1 Effects of explicit training on offline processing

In theory, the reason that expliditainingcan benefit offline proessing ishat it can
promote noticing. Krashen (1982) put forward the input hypothesisich claims
comprehensible input is necessary but not sufficientdmguagdearning.In this view,

the input plays an essential role in helping learners to castmental representation

51



about grammar (VanPatten, 1996), and the initial stage of L2 learning is converting
input to intake YanPatten% Cadierng 1993a). In the process of the conversion,
noticing is regarded asdamecessary and ésufficient condition(Schmidt, 1990, p.129).
Explicitinput-basedtraining consists ofnstructional interventions that aim tpromote
learningby changing learne€¥ocal attention in processing target languages, and
therefore increase the likelihood of the learnersticingthe target featuresilorris &
Ortega 2000). Based on these theoriegplicittraining could facilitate learners to pay
attention to the targets and promote learning.

So far, there aranoverwhelmingnumber ofstudies that have demonstrated the
effectivenesf explicit training in promoting offline comprehension and production
(seefor a small selectiorAndringa, de Gloppe% Hacqueborgd2011 Long, 1983;
Marsden, 2006; Marsden & Chen, 20Nbrris & Ortega2000;w 2 S K NJt,.200%; O A Y
VanPatten& Cadierng 1993a; VanPatten & Oikkenon, 1996), and in metalinguistic
knowledge (se&asprowicz & Marsder2018;Tellier& RoehiBrackin 2013). Long
(1983) investigated the role of instruction in L2 learning. It was found that compared to
naturalistic expsure, explicitrainingis beneficial for both children and adults and for
learners frombeginningto advanced proficiency. In addition, Norris and Ortega (2002)
reviewed 49 experimental studies related to L2 instruction mohd that explicit
instruction could lead tesubstantialeffects which seemed durablehdy also pointed
out that different types of explicit training could hawkfferent effects in promoting
learning. The instruction that focused on meanings tended to be more beneficial to
learningthan focus on forms instruction.

Some empirical studidsave specificallgompared the effectiveness of different
type of instruction (e.gBenatj 2005; Marsden, 2006/anPatten & Cadiernd993a;
VanPatten & Wong, 2004yor exampleYanPatten and Cadieo (1993a) investigated
the learning effects of a type of focus on form instruction which calls the particiQants
attention to the integration of form and meaninghen listening and reading
(input-basedthis type of instructiorwill beintroduced in detd in Section 2.2.2), and

the effects of a type of focus on forms instruction which forced the participants to
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producesentences of target structures. The study was a feost-test design, and
the outcomes were measured by interpretation and writterg@uction tasks. It was
arguedthat the input-basedinstruction was superioratthe productiorbased
mechanical practicdasedinstruction because theput-basedinstruction promoted
gains orboth interpretation and productiomeasureswvhile the productionbased
instruction was only beneficial to production (similar findings could be fouilmati
2005; VanPatten & Wong, 2004; etc.).

In those studiesproductionbasedinstruction involvedutput practiceand they
found that, perhaps unsurprisgly, thatthe learnergability in productionfollowing
production practicavas more likely to be promoted than that of interpretation. When
the comparisoninstructionwas alsdnput-based, the resultalso suggested the
effectiveness of explicit informitn and inputbased training and gave additional
insight to the role oflifferenttypesof input-based trainingMarsden (2006) carried
out a classroorbased study to compare the effects of the focus on form instruction
used in VanPatten and Cadierno (1p&B8ained the integration of form and meaning)
and another type of inpubased training which wasamed enriched inpufThe
enriched input training provided the participants with grammar explanation about
target structures followed by activities which aived the targets but did not force
them to undersand the meaning of the inflections for person, number and terisea
pre-, post and delayed postest design, the participan€istening, readingspeaking
and writingcompetencis were measured. Thegalts revealed that the learners who
received formmeaning connection training had more learning gains thaséwho
received enriched inpuyin both comprehension and production. The enriched input
group did not shovsignificantimprovement across therie, especiallyhe lower
proficiency learners.

On the other hand, slightly different results were foundiasprowicand
Marsden(2018), with younger learners ondéfferent linguisticfeature (case marking
on German articles as cues for role assignment). They found that when the comparison

group were told the rule and had spot the form each time by clicking on it (though not
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connect it to a meaning each time), they performed as equally asasd¢iose who
had to connect the form to its meaning (role assignment function) each time, on all
measures which were offline comprehension and production.

McManus and Marsden (2017, 202819 also conducted a series of empirical
studies (which are sumanised in more detail later because they also took online
measures) that provide additional empirical studies which demonstrated that explicit
information and inputbased training can be beneficial for offline comprehension and
production.

In sum, the ra of inputbased instruction owffline comprehension and
production seems to indicate clear benefits of providaxglicitinformation and
practice some kind (whether it is spotting therfo or connecting to its meaning or
function).

The current study Mliinvolve the measures of offline comprehension, oral
production andmetalinguisticknowledge. Although the offline effects of explicit
training have already been widelyestigated, the instructiomsed in this thesis is
innovativeas it introduces a ne type of practice which aims to interveleiringa
parse (and is explained in more detailsection 2.2.3)That is, given this new type of
intervention, and the nature of thénguisticfeature (syntax) the offline measure are
examined and could providedditional evidence about the effectiveness of explicit
information with inputbased practicenlsum, the current study, therefore, investigate
how effective this (new) kind of instruction will be in teaching relative clauses (relative
to exposure alonand tests only) on offline measures, and whether the effects will be
affected by the type of relative clauses.
2.2.1.2 Can explicit trainingffect online processing
It remains unclear the extent to which the knowledge gained via explicit instruction,
that is accessible via an offline test, coalfectonline processing. VanPatten and
Cadierno (1993a, 1993b) piarward a basic idea (a simple model of learnitiggt
second languagacquisitionincludes three processes. The first one is converting input

to intake; then the intake would be internalised into learn€developing systenféthe
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mental representation of the secondnguagethe learner is constructing over tirge
VanPatten, 1996, p.5and it isseen to bea type of internal grammar (VanPatten, 2020).
Learners use thé&nowledgefrom thissystem to make output. However, not all input
canconvert tointake becausdearners‘filter Qnput during processing (VanPatten,
1996).In this simpk conceptualisation of learninthis part ofthe input is called intake
(VanPatten, 1996). The initial stage of language learning, the conversion of input to
intake, involves making grammatical forms connedhiair referential reaiworld
meaningduringreal time comprehension (VanPatten, 1996, 200dnPattens
Cadierng 1993b). This process is called input processing (VanPatten, 2004). VanPatten
& Cadierno (1993a) argued that the traditiofaim-focused instruction that
manipulates the output might ndbe able to change thdeveloping system because
such instruction does not require learners to pay attention to meadungng the
processing of inputin order to effectively help learners to convéne input to intake,
the process of input could be mamilated. They suggested thahstruction as direct
intervention on learnerSstrategies in input processing should have a significant effect
on the learner§eveloping system(VanPatten& Cadierng 1993a, p. 240). In other
words, if providing learnenwith the strategies about how to make formeaning
connections, the way that the learners process the grammar cawnltdheory,be
changedSuchchangesn processing should be detedilethrough online measures
like selfpaced readindSPR)eyetracking and eventrelated brain potentials (ERPS)
(seeKeating & Jegerski, 2034 a methodological discussion of these methpds
Howeverwhetherlearnerscanbe Wained(io procesghe inputdifferently, still
needs more solid evidence. So far, some studies have explueadfects of explicit
trainingon online processin@Andringa & Curcic, 201Bracos& Henry, 2021; Hopp,
2016;Issa& MorganShort 2019;McManus & Marsden, 2017; VanPatten & Smith,
2019; Wong & Ito, 2018), yet the findings are inconclusive. Andringa and Curcic (2015)
did not findthat explicit knowledgdacilitated online processingf direct object
assignmentn an artificial language h&€y provided Dutch L1 speakers with ar@kute

auditory session to train them to use a preposition to predict the animacy of direct
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objects. The ability to use the target structure was measured bygoaahmatical
judgmenttest (GJ) and visual world ey#racking tests. Theffects of teaching explicit
knowledge could only be observedafiline oral GJT but not ifonline)eye-tracking
tests. Similar findinga/ere observedoy Dracos & Henry (2021). They found that
taskessential trainingtraining to make the meaning of specific forms in the input
esseatial to comprehensiongould facilitate aural offline interpretation of Spanish
verbal inflections but could not affect online processing examined via SPR. They
proposed that it might because the training was strong enough (p. 23) to help
the learnes to overcome their inefficient processing strategy.

In contrast, Hopp (2016) found that the intermediate L1 English learners of
German showed predictive gender processing (measured by visulal ey@tracking
tests) afterreceivingexplicit training on lexical gender agreemefatr (similar findings
see Wong & Ito, 2018). In additioMicManus and Marsden (2017) found thae
learners who only received the explicit information and practice about L2 French
Imparfaitdid not showsignificantonline improvement in thé&SPRests. The learners
who receivedadditionalinformation andtrainingin their L1(Englishhowed gains in
online comprehension, and the effects were durable in the delayedesst One
possible reason to explathe inconsistency of the findings might be the L2 proficiency
of the learners. Hopp (2016) pointed out that the previous knowledge about the target
structure is a prerequisitéor successfully using the language cues to process the
structureduring onlineprocessing Thus, it might be more difficult to show online
effects of training with learners who do not have previous knowledge about the target
language (e.gthe artificial language in Andringa and Curcic, 2015) than the learners
that have it (Hopp, @16; McManus and Marsden, 2017; Wong & Ito, 20C8itically
however,the participants recruited iDracosand Henry (2021) also had existing
knowledge about target structureget no significant improvement could be observed
in online processinghus siggesting that having prior (existing) knowledge of the
target structure cannot fully explain the contradictory findings to déteaddition, the

difference findings frontHopp (2016) and Dracos and Henry (208&dindicated that
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the online effects of gxicit training might also vargs a function of the target
structure being trainedFinally the number of studies related to the training effects on
online processing isomewhatlimited, sothis topicstill meritsfurther exploration.

The current studyvill investigatethe extent to which providing explicit training
benefits online and offline comprehension as well as the production of English relative
clausesA critical novel feature of theurrentstudy is that he previous studiethat
haveexaminedthe online effects ofrainingall focusedon morphology(or
morphosyntax)while the current study will explore the effeai§syntax(word order
and role assignment in relative clausd3jocessing syntaray differfrom processing
morphologyasarguablyit may have a more indirect relationship with the kind of
realworld meanings (or functions) (such as person, number, tense, case, animacy
gender of the noun) that have previously investigatddis, different results with the

previous findings might be&ind in the current study.

So faras we have seemplenty of studies have investigated the relatedretween L2
instruction and learning. In the following sections (seci@r2.2, 2.2.3, 2.2.4), the
research into the instruction that helps learnerspgmmcess language will be reviewed
more detail The studies related to processing instruction (Pl), sentence processing, and
input flood training will be reviewed, respectively.

2.2.2 Processing instruction

Processing instruction (PI) was put forwaased on input processing theory (see
2.2.1), whichas noted aboveims to alter the way that learners perceive and process
the input by training them to establish fornmeaning connections, therefore, to

change the learners developing system (VanPatt®é052 VanPatten, 201%anPatten

& Cadierng 1993a). It has twéundamentalcharacteristicsgs conceived byanPatten,
2002). First, PI could be regarded as a type of focus on form or input enhancement,
whichduses a type of input to push learners awaynfrthe nonoptimal processing
strategies (VanPatten, 20020.764). Although Pl is placed under the border of

focuson-form instruction, the activities involved in Pl are different to dilié activities
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that focuson-form instruction usually includes. Be specific, Pl first help learners to
identify the problematic processing strategies and then provide activities that force
them to process sentences in a correct way. Secdandngthe instruction, the

learners are expected to process atmmprehendsertences in the activities while
learning to connect meaning to fornThey are not required to produce the target form,
yet it is thought to be possible to generate when the developing system is shaped by
the input-based trainingVanPatten% Cadierng 1993a& 1993b).

2.2.2.1 Components of PI

Typially, PI consists of three componengsplicitinformation (EI) prior to the

activities and two types of structured input activities, which are referential activities
andaffectiveactivities (VanPatten, 2002, 280

El

El provided before the practice refers to the information about a target strudtuae
guides the learners to establish the fommeaning connection andorrectlyprocess

the structures (VanPatten, 2002). Example 3 shows the El used to guide the learners to
process Frenchatisative construction (Wong & Ito, 2018&xplanationsabout the

target structure and the situations that the structutieat could be used wergrovided.

Example 3:

We often ask or get people to do things for us by telling them to do something.
Paul says, “ John, would you mind doing the dishes?”

If you and | were to describe what is happening we might say:
We say, “Paul gets John to do the dishes.”

or

“Paul makes John do the dishes.”

This is called a causative construction (because someone is causing a behavior in someone else.)
French has a similar structure using the verb faire. Let’s repeat our examples from above.

Paul says, “Jean, pourrais-tu faire la vaisselle?”
We say, “Paul fait faire la vaisselle a Jean.”
How would we describe the following scenario?
Wynne says, “Sara, pourrais-tu promener le chien?”

We would describe Wynne getting Sara to do it like this.

We say, “Wynne fait promener le chien a Sara.”

(Wong & Ito, 2018, p.256)

58



Theoretically, EI would be beneficial in L2 learning because it helps letoners
noticethe form and therefore facilitates learniné\l@nen 1995;DeKeyserl997;
Doughty & Williams1998). fiere arenumerousempiricalstudies that investigated the
effectiveness of El, but the results were inconsistent.

Some researchers compared the effects of Pl with or withouwdrtel argued that
El might not contribute towards the effectivenessRif(e.g{ I Y1 3 Sh&NHI y 1t
2004;VanPatten& Oikkenon 1996; Wong & Ito, 2018). For instance, VanPatten and
Oikkenon (1996arguedthe effects ofPIshould be attributed to the inpupractice
instead ofthe Elitself. The effects of the El and the activitiea the interpretation and
production ofSpanistpreverbal directobject pronounsvere examinedin the study,
VanPatten and Oikkenativided the participants into three grouparegularPI group
(receiving El and input structured activities), El only group &ndtared input
activities only group. It was observed that the regular Pl group and the structured input
activities only group outperformed the El only group in bimiierpretation and the
production after training. The El ordyoupshowed no improvemenn the
interpretationtests and very limited gains in production. This study indicated that El
alonemight not benefit L2 learning or provided a very limited role at most. The
findings of this study were in line witanznda 2 NB |y (2Q0&) 2T Neky
investigated the role of El (either provided before or after taskential practice) in
learning Spanish word order. They found that the participants who received
explanation before practicéwith or without corrective feedback after practicdid not
outperform as well aghe participants who received practice alo(without corrective
feedback)n comprehending and producing the target form. In addition, the role of El
in Pl also had beenvestigatedwith online measures. Wong and Ito (2018) compared
the effects of regular Pl and PI without El on learning French causative-wistldl
eyetracking tests. The results show#tht after training, the participants significantly
gained accuracy in selecting the correct picture, and theirmaggement pattern has
been changed regardless of whether they received&long as they received

input-based practice in connecting form to meanitig sum, he above studies indicate
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that El might not be necessaiyr Pl because the effectiveness ofseemed to be
mainly due to the structured input activities.

Nevertheless, some researchers argue thittoughElalonemight not play a
critical role in PI, it caspeed upnput processing to some extent, and the effects are
mediated by thetype ofstructure (e.gQuiman, Henn& VanPatten 2009;Fernandez
2008;Henry, Jackson & Dimidia017).FernandeZ2008) investigated whether El in PI
could assist learners to process tirgguistictargets sooner and faster. Two groups of
participants were involved in the stydand were taughboth the Spanish
objectverb-subject (OVS) word order and subjunctfttee design was withisubject
for the linguistic feature)One group received the regulartRét included El
(structured input + EWvhile the other group received &hPI without Elstructured
input). The effects of learning were examined during processing by a measure called
Wials to criteriorf]p.285) which sea criterion by which theresearcler would deem a
participant was correctly processing the inplitwasassumed that if the learners
began and continued teespond to target items at least three times correcthyey
were able toprocess the input correctiyfhus, the number of practice items up until
the criterion point were countedn addition, the respose time and accuracy were
also analysed. The results revealed that the two groups had no difference in trials to
criterion, speedr accuracy in processirgne of the target features: th®VS sentences.
However, it was observed that the grotimt receivedregular P(with EI)
outperformedthe groupthat receivedstructured inputonly (no El)n processing
subjunctivesentences The Pl group needed fewer items to reach the criterion and had
faster reaction time as well as higher accuracy thanstinecturedinput group. The
results indicated that the role of El in Pl miglefpend on the nature of processing the
linguistictargets.

Culmaret al. (2009) replicated the study BernandeZ2008) by investigating the
role of El in Pl in processing German accusaiase makers and OVS sentence
structure. They used the same measurd-asnandeftrials to criterion), and they

found that the participants who received the Pl with El tended to reach the point of
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criterion sooner than tbsewho did not receive El. Thuthey claimed that El was
beneficial in promoting faster acquisition. In addition, Henry et al. (2017) conducted a
study to investigate the role of El in processing German accusative case makers. The
outcomes were measured by a comprehension and a prioglu¢ask through preest,
immediate posttest and fourweek delayed postest. They found that the participants
who received EI showethprovementin both comprehensiorand production at the
immediateposttest, and the gains in comprehension were mainéal onthe delayed
posttest. On the catrary, theparticipants who were not provided with El only showed
improvement in comprehension at the immediate passt, and the improvement
disappearedt the delayed postest.

In sum, EI might not be a necessaomponent in PI; however, it has the
possibility to assist learners aorrectly processigthe input sooner(that is, with less
practice than when they do naeeceiveEl) In addition, the previous studigsovided
evidence that indicates Pdtructured inputwith E) isbeneficialto L2 learningand the
learning effects might be more durable th&ollowing solelystructured input thoughit
seems thathe effects of El could be different depends on targaguisticstructures.
Referential activities
Referentialactivities force the learners to pay attention to target grammatical form to
get the meaning by asking them to choose an answer from two options (Culman et al.,
2009; Marsden, 2006; Marsden and Chen, 2011; VanPatten, 2002). After each item,
feedback indicating whether the response is correct or not is provided, but there is no
further explanationabout the target form Benatj 2005; Marsden & Chen, 2011; Wong
& Ito, 2018). For example, Marsden and Chen (2011) trained learners on English past
tense verb inflectiored. In referential ativities, the participantsvere asked to
respond to statements a way which meant they had to notice the target and attend
to its meaning'see Example 4). The statement sentences contained either a target
form (-edverb inflection) or a contrasting fornpiesent tensdorm), and the
participants were required to decidehetherthe action described in the sentences

referringto somethingthat happened before or happened regularly.
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Example 4:
{2YS 27T rg&irids ha@aigotRmubged. Decide whether Deliavivdsen
about an event that happened in hprevious summer holidays if she is referring to
something sheisually does in the summer holidays
1.1 learn Spanish.
a. last summer b. usually does
2. My family visited Paris.
a. last summer b. usually does
(Marsden & Chen, 2011, p. 1067)

Referential activities aim to alter the way that the learners prodiegglistic
structures. For instance, VanPat@hexicapreferenceprinciple predicates thadif
grammatical forms express a meaning that can also be encoded lexicallye&nears
will not initially process those grammatical forms until they have lexical forms to which
they can match them(VanPatten, 2015, p.95). It means that if there are lexical items
like Westerdaydn the sentence, théearnerswould be likely to use those items instead
of using theged verb inflection to get the meaning of past teng&hisphenomenon
could, in factpe for a variety of reasons, including the physical salience (e.qg., length,
prosody) of grammatical versus lexical forms; the influence of the fact that learners
have an existing representation for the lexical items in their L1 and L2 (e.g., temporal
advebs or subject pronouns); the order of encountering these features in the
sentences used in the studies. VanPatten does not distinguish between theses
explanations)The referential activities in Marsden and Chen (2011) did not provide
lexical items thatridicated the tense, so the participants had to use the verb inflection
cue to process the sentenceserefore, in this way, referential activities might be able
to push the learners away from inefficient processing strategies by training them on
form-meanng connection.

Affective activities
Affective activities also belong to structured input. They are provided after referential

activities and are used to reinforce formeaning connection (Culman et al., 2009;
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Marsden, 2006; Marsden and Chen, 2011; VaieRaR002).The idea behind them is
that they provide additional exposure to the target form, and, because they follow the
trainingprovided by referential activities, the learners will be using thgmwQ
processing strategies (presumably embedded dutiamping) by the time they
encounter these affective activitieBifferent from referential activities, items in
affective activities do not have right or wrong answers, and the participants are
involved in processing sentences about tgpressinggome @inionsor responding in
some way to whole sentential meaning of sentences in which the target form is
embedded(Culman et al. 2009; Marsden, 2006; Marsden and Chen, 2011; VanPatten,
2002). In addition, the sentencesaffectiveactivities only include th target feature,
while thosein referential activities contain another feature besides the tangedrder
to juxtaposedifferent pairs of formmeaning connections noted byMarsden and
Chen, 2011). Looking at example 5, the affective activities isdéarand Chen (2011)
asked the participants to express their opiniamrssome events. The sentences that
described the events included the target structed past tense verb inflection, which
helped the learners to reinforce the structure they learneahi referential activities.
Example 5:
5StAlF KFa gNARGGSY | RstduNder HolidayNE | 0 2 dzi
What do you think about her activities?
1. My family visited London.

a. interesting b. boring
2. | learned Japanese.

a. interesting b. boring
(Marsden & Chen, 2011, p. 1068)

Only very fewstudies have compared the role of referential and affecwe
affective-style)activities in PI, but the results wengconsistent Marsden (2006)
compared PI\El + referential + affectiggactivities with\Bl + affectivénly (enriched
input in which the form was embedded but learners did not have to detect a form

meaning mapping). Each group had had equivalent exposure to the same number and

63



type of target forms. Marsden found that the growgth referertial activities made
reliable gains on all measures (comprehension and production) that were superior to
those who only have affective activities. This suggested that the affestile

activities did not really add benefits to the learniddarsden and Gen (2011)plso
suggested that theeferentialactivities might play a moreriticalrole than affective
activitiesin PL.They investigaté the effects of referential and affective activities in
isolation Theyassignedhe participants into four groups: referential and affective
group, referential group, affectivgroup, and testonly group. They found that the
gains(in comprehension and productionj the referential + affective group were
similarto those ofthe referential only group. In addition, the affective group and the
test-only group did not show any improvement across timeusl the study suggested
that the observed gains of training should be attributed to referential activities, and the
affectiveactivities were not beneficial in learning Engligid past tense verb inflection.
Both these studieesmphassed the importance of drawing the learn€kgtention to

the target structures.

However, Henshaw (2012) conductedimilarstudyto that of Marsden and @en
(2011) but had different results. She suggested tkeétrential activities and affective
activities either be provided isolated or combingehay have similar effects in L2
learning. Henshaw (2012) investigated the role of referential activities dadtak
activities in combination and in isolation on the learning of Spanish subjunchixee T
groups of participants were involved in teeudy. All of them received El first, and then
they were treated in three training condition: fgferentialactivties, 2) affective
activities, or 3) the combination of the two types of activities. The recognition and
interpretation of the target structure were tested in prgost and twoweek delayed
posttest. The results showed that all thrgeoups significanyf improved at the
posttest in bothrecognitionand interpretation tasks. In addition, at the delayed
posttest, it was found that the groups that received affective activjtiegardless of
whetheror notthey had received referential activitigsere beter at maintaining the

gains in interpretation task compared to the growpo receivedreferential activities
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only. One reason might be able to explpartiallywhy the results of HenShaw (2012)
and Marsden andl@n (2011) were inconsistent. Henshaw pded El about the
targetstructureto all the participants before they engagedthe activities while

Marsden and Chen did not. EI prior to the activities might be sufficient to raise the
participant€attention to the target form, though affective activities did not force them
to makethe form-meaning connectiorHowever, Marsden (2006) did provide the
learners with El, and yet the learners who received affective activities alone did not
make substanél or reliable gains in all measures. Thus, the provision of El cannot
solely explain why Hensh&study found gains in the + affective groups that were
superior to those in the referential only group. See also Kasprowicz and Marsden (2018)
who found thatwhen learners where given El followed by enriched kind of input (in
which they had to spot that target form and also proved some opinion about the
meaning of the sentence), they performeduallyas well as learners who had El
followed by referential actities alone (in which they had to connect case marking on
the article to its function). Aat study also suggested that inpfibod style activities

which provide lots of exemplars, can be effective for learning if learners are also given
some EI and/or hae to spot the target form during the affectigyle activities.

In sum, three components (El, referential activities, and affective activities) play
different roles in PI. El, shoviaeforethe structured input activities, provides learners
with grammarrules of target structures. It might not beecessaryor language
learning, but some studies indicated it could speed up processing (apdtsome
argue that the nature of the referential activities actually engenders explicit knowledge
¢ that is, the corective feedback leads to learners establishing some explicit
knowledgeabout the target rule, even if they are not toldgsee DeKeyser and Prieto
Batano (2015)Referential activities force the learners to uke form-meaning
connection to process s¢ences, while affective activities adesignedo reinforcethe
form-meaning connectioigon the assumption that the referential activities have
helped learners to establish a ngwocessingoutine). It is not completely clear

whether bothreferential ard affective activitiegre needed to helfearning. However,
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if no El is providedr the practice does not make noticing the target form in some way
obligatory it may be thataffective activities seerno be less effective than referential
activities and my not contribute to learning in isolatioithe number of studies
investigating this issue is low.

2.2.2.2The first noun principle

As discussed previously, the aim of Pl is to push the learners away from wrong
processing strategies by helping them to m#ke correct formmeaning connection
(e.g. VanPatten &adierng 1993a, 1993b; VanPatten, 2002; VanPatten, 2020).
VanPatten (1996, 2004, 2015) put forward that there are some universal strategies that
all learners are likely to use when they process lagggsaSometimes the universal
strategies may cause wrong formeaning connection andherefore, result in the

failure of converting input to intake and being acquired into the developing system
(VanPatten, 20040ne is named athe FHrst Noun Principle.

Principle 2: The First NounrRiple

Learners tend to procesise first noun or pronoun they encounter in a sentence as the
subject/agent.

(VanPatten, 2004, p.14, p.18)

The design of Pl should base on those input processing principles and steer
learnersaway from inappropriatetrategiesby providing thenwith the correct ones
(VanPatten, 2015). So far, plentyashpiricalstudies that investigated the effectiveness
of Pl have been carried out.

Evidence supporting Principle 2: The First Nouiméple

This principle addresses the grammatical role assign of the two nouns of a
sentence (VanPatten, 2004)isteners (and readerg)e likely to assign the role of

agent or subject to the first noun phrase they encounter. This sffagient strategy

when pocessingentencedike English Subjedaterb-Object (SVOX(g.,The cat chases
the dog. However, this strategy can be problematic when the agent or the subject of
the sentence is not the first noun phrase (egglish passive voice,

ObjectVerb-Subject(OVS) structures, case marking). For instance, L2 learners tend to
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interpret sentences lik&he cow was kicked by the hoeseThe cow kicked the horse
(VanPatten, 2004, p.15). This misinterpretation might be because the first noun of the
sentence was theow, the processors might assign the roletloé subject to it and

regard thecowas the subject.

Severaktudiesprovidethe evidence to support thexistence of the~irst Noun
Principle in L2 studies (e.g. Allen, 2000; LoCoco, 1987; Henry, Jackson & Hopp, 2020;
Hopp, 2015; Issa & Morg&short, 2019;Jackson2007;Kempe & MacWhinngy1998;
MacWhinney, Bates & Kliedl984;Meyer, Mack & Thompsqr2012;VanPatten &

Smith, 2019; Wong & Ito, 2018orexample Jackson (2007) investigated the

strategies that intermediate Englisgpeaking L2 learners of German used in processing
German sentences. In English sentences, the grammatical roles are assigrad by w
orders, while, in Germamole assignments most reliably expressed lsgse marking.

The @ase marking system exists in German but not in English, so English L2 learners of
German may ignore case markings when processing the sentélineestudy

examired L2 German learners (with L1 Engliahility to interpret German SVO and

OVS sentences by timed comprehension task. They were tested three times in an
8-month time span. It was found that the participants had signifilyeiotver accuracy
scores in OVS®mpared to SVOs across time. The findings indicated that the L2
learners were using word order insteadtbé casemarking cue during processing,
which demonstrated the First Noun Principle.

Similar findings indicating &t L2 learners tend to ignore thease markingsam be
found inlearningLatin (VanPatten & Smith, 2019). They investigated the strategy that
native English speakers use in Latin comprehension. Latin is a language that has flexible
word orders. It allows SVO, subjeaiiject-verb (SOV), ahobjectsubjectverb (OSV)
structures to express the same meaning. For example, the three sentences in example
6 all meanithe tiger loves the be&@The cue that decides who does the action is the
nominative and accusative case markings of nouns. Iftiseythe word orders rather
than the case markings to assign the grammatical roles of nouns, they are likely to

misinterpret the OSV sentences. For example, the sentelmsem tigrisamat might be
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regarded asthe bear loves the tige®
Example 6:
SOV: Tris ursum amat.
SVO: Tigris amat ursum.
OSV Ursum tigrisamat.
(VanPatten & Smith, 2019, p.409)
*Note: In the original paper, the example they gave for OSV structidesism amat
tigrisQIt is likely to be a typographicairor. It has been corrected t8! N& dz¥r YU AGINA 2
here.
All the participants had no previous exposure to Latin, and thegived100 training
items of either SOV or SVO structure. After tilzning, the offline comprehension of
SOV, SVO and OSV septwas examined. The results indicated that the participants
could comprehend SOV and SVO structures much better than Ofeyshad very low
accuracy scores in interpreting OSV sentences.

The above two studies demonstratéuht L2 learnerSnterpret the first noun as
the subjectin processing language containing case markingased on the accuracy
scores of offline comprehension tests. Henry et al. (2020) confirmed this preference in
German withan online measure, @asuatworld eyetracking testFor each itemof the
test, the participants would see a picture depicting foouns, including a potential
agent and a potential patient. The participants heard a sentence either in SVO or OVS
structure (see example 7), and their fixation proportions weralgsed. The
grammatical roles of nouns were assigned by the nominatle® @ndaccusativgden)
case. If the learners used the casarking cue in processing, they would look at the
targets after hearing the verb because the action and the doer/recewaze clear by
then. Example 7:
SVODer Wolf totet den Hirsch der Hirsch dedager

The wolf  kills  the dear the dear  the hunter
OVSDen Wolf totet derJager derJiger der Hirsch

The wolf kills the hunter the hunter the deer
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(Henry et al., 2020, p.12)

The results showed that the participants fixated on the agent after hearing the first
noun and the verb regardless of the structure. It means that they were trying to
integrate the noun and the verb to predict the meaning of femtence, andhey
anticipated the second noun to be the patienthi§ pattern suggested that the learners
did not use the case marking to process the sentences, and they preferred to regard
the first noun they heard as the subject (agent).

In addition, some researchers suggested that L2 learners of French had difficulty
in interpreting causative construction (Allen, 2000; VanPatten & Wong, 2004; Wong &
Ito, 2018). In Frenchihe verbfaire that meansto door to makecan be used as a
commonverb, and it also can be usedtag main verb in causative construction. In
Example 8, the first noun of the sentencdé&an which might beegardedas the
subject of the actionBuy milkKivhen the processors attempt to use the First Noun
strategy to process theentence However, in causative construction, the cue used to
assign thegrammaticakoles to the nouns it + infinitive verl§structure instead of
the word orders.

Example 8:

Jean fait acheter du la# Paul.

Jean makes to buy milk to Paul.

GWSIY YIF1S8a tASNNB o0dz2 YAf | dé

(Wong & Ito, 2018, p.243)

Wong and Ito (2018pvestigatedthe strategy that intermediate L2 learners used in
processing French causative througle visuatworld eyetracking test. For each item
of the test, the participants saw two pictures and heard a sentence. They were
required to choose the picture that matched the sentence after hearing the complete
sentence. The results showed that the participants iasnegly fixated on the incorrect
picture when they heard the first noun of the sentence, and the accurate rate of
choosing the picture was less than 5%. The findings are in lingheitle ofAllen

(2000) and VanPatten andang (2004). The two studies provide evidence that
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supports the First Noun Principlieiringonline comprehension.

From what has been discussed above, the First Noun Prifagi®een
considered as universal default processing strateifpat applies to mag languages,
but even though it caead tomisinterpretationof some structuredike case marking,
French causative construction and English passive voice.

So far, manyesearchersiave attempted to push learners away from using the
first noun strategyin processing by providing them with PI or other types of instruction.
The previous PI studies that related to the role assignment will be reviewed in the
following section.

PI studies related to teaching role assignment

So far, a substantial number olslies that investigated the effectiveness of PI in
teaching role assignment have been carried out (e.g. Allen, 2000; Andringa & Curcic,
2015; Culman et al., 200BeKeyser & Sokalski996;Kasprowic& Marsden, 2018;
VanPatten & Cardierno, 1993a; VanPat& Smith, 2019; VanPatten & Wong, 2004;
Wong & Ito, 2018). In general, the studies have demonstrated thatdehisficialto
learning role assignment of various languages.

The first PI study was carried out by VanPatten and Cardierno (1993a). They
compaed the effectiveness of Pl and instruction thatluded El and output practice
learningthe Spanish case marker. The El in Pl not only introduced the target structure
but also emphasised that Spanish allowed OVS structure where objects might be
placedbefore the verb, and the objects were identified by prepositions. Aural and
reading referential and affective activities were provided after the EI. Compared with PI,
the output group received the EI that onigcluded the explanation about the target
without illustrating the processing problem. The oral awitten productionactivities
which involved forrroriented practice, meaningful practice, and opended
communicative practicevere provided after El. Besides the two training groups, there
was a cotrol groupthat did not receive any instruction. All three groups took part in
the pretest, oneday posttest, oneweek posttest and onemonth posttest, and each

test phase included an aural comprehension and a written production testtéBus
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showel that the PI group had significant improvement in both comprehension and
production, while theoutput grouponly gained in production. VanPatten and
Cardierng(1993a)explained that the improvement afutput groupwas due to the
participants had receivedroduction training and what they gained was a learned
competence instead of acquisition (Krashen, 1982). Nevertheless, the Pl group merely
received interpretation taskdut they still gained iproduction which suggested that

the participants had thability to draw upon the knowledge from intake to make
sentences. Thus, they claimed that Pl was able to change the way that learoezsg

the language while the outpthiased trainingcould not.

After VanPatten and Cardierno (1993a}esiesof repliation studies have been
carried out, and some of them are in line with the findings of VanPatten and Cardierno.
For instance, VanPatten and Wong (208dlictly created teaching and accessing
materials following VanPatten and Cardierno (1993agy foundthat Pl could
promote theinterpretation and production of French causative structure, and Pl was
superiorto output based trainingn facilitatinginterpretation. Howeversome studies
showed different results. Allen (2000) conducted a conceptual repicatf VanPatten
and Cardierno (1993a) to investigate the effectiveness of Pbatmlit-basedtraining
in French causativstructure. It was observed that the two types of instruction were
equally effective in promoting the interpretation of the targgtucture, and moreover,
the output-basedgroup performed better tharthe Pl group in the production task.
Hence, Allemput forward that both Pl and outpdbased trainingould alter the way of
processing French causative structure, and the superiority thiaPivas found in
VanPatten and Cardierno (1993a) might not be generalised to all the structures.
VanPatten and Wong (2004) argued that A@eesults were different from theirs was
mainly due to the materials that Allen used did not strictly follow tguirement of
structured input activities.

It could be noted that thee earlystudies used offline tests to measure
comprehension. However, tarther evaluate whether the processing mechanigaelf

has been changed bgstruction, online measurewere needed Wong and Ito (2018)
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evaluated theeffects of Pl andutput instructionin alteringhow learners process
Frenchcausative constructiothroughvisualworld eyetracking tests. In the test, the
participants would hear a sentence and see two pictuaes] they were asked to
choose the picture thamatchedthe sentence. The accurasgoresand eye
movements were analysed. They have carried outéxperiments and both of them
used pre, posttest design. In the first experiment, the Pl and Tl groumdidreceive
El, while the second experiment included EI prior to the activities for both groups.
Before the intervention, all the participants tended to look at the incorrect picture
throughout the sentence and had very low accuracy rates (less tharAt#r)the
intervention, the PI group, regardless of whether they have received EI or not, showed
significanty higher accuracy scores and their agp@vement pattern was changed.
Compared to the preest, the participants started to fixate on the target pice at the
onset of the last prepositional phrase (eagRierrein Marie fait faire la vaissella
Pierrg, which indicated that the First Noun Principle tendency had been red@med.
the other hand, theoutput group also showed some improvementaocuracy,
especially when the activities followed El, but the gains were very limited and were
much less than those difie P group. &r the eyemovement pattern, the participants
who receivel output-based trainingvithout El did not change over time. Howes, the
output with EI group could fixate on the targets at the same point agp#récipants
who received PI. This study provided evidence from online tests to support that Pl
evenwithout EIl might be able to change the processing mechanism as weli@sve
the accuray. The outpubased trainingincluding Elwas also likely to alter the way of
processing, but it was less effective in promoting accuracy. Another interesting finding
of the study is that although the aim of the Pl is to help therlees to stop using the
word order to process sentences and to train them to fase+ infinitive verb cue, the
after-training eyemovement pattern indicated that the learners prefer to useaof
noun to process French causative constructions. Thosgnd Ito claimed that PI
was superior tamutput-based trainindbecause it promotes more gains in accuracy

scores Although this study suggested th@aining could affect online processing and
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reduce the First Noun Principle bidise issue would still berfge from further

investigation to examine, for example, how much training could enable L2 learners to
process in a target way, and whether this finding might be generalizable to syntax (as
their study focused learne¢attention on lexical itemdaire + nfinitive and/or the
presence of +noun).

In the comparison between the effects of Pl andput-based instruction
DeKeyseandPrieto Botang2015) reviewed previous empirical studies and suggested
that Pl might be better than outptibased instructionn promoting comprehension,
though this could only be observed in hatfthe relevant studies. When outpittased
instructioncontained more communicative practice tharildlike practicethe
instructioncould be more effective than Pl Inelping learnefbroduction. Nevertheless,
in spite of the controversial results of the studies into whether Pl is superior to
output-based instructionn L2 grammar acquisition, plenty of studies have
demonstrated thebenefitsof PI itself. From what Isbeen discussedbove, Pl can
effectively promote L2 grammar offline comprehension and production and might be
able to reduce the bias of the First Noun Principle in online processing.

Besides the role assignment problem, Pl has been used to address other language
procesing problems, ands effectiveness has been demonstrated. For example,
Marsden and Chen (2011) found that PI could promote comprehension and production
of Englishced past tense inflection; Marsden (2006) suggested that Plheagficialin
interpretingand producing French verb inflections for tense, number and person,;
Cadierna(1995) showed that thearticipantswho received PI significantly gained in
Spanish past tense comprehension and production; Benati (2004) confirmed the
effectiveness of Pl in llian gender agreement comprehension and production.
However, all the linguistic features discussed above are related to morphaiaijgr
the lexicon(e.g. case markindait + infinitive verlfin French causative construction,
verb inflections)

In contast,the current study will teach learners to use the cue of distribution

sentenceto assign the grammatical roles in relative clauses. In addition, as the core
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principle of Pl is to help learners to connect form to its referential meaning, the
linguidic features used in PI studies all haaeguably, directeferential meaning
Arguably this is (less) the case for relative clauses. Indeed, VanPatten (2002) suggested
that abstract syntax (which was not defined very fully) may not be amendable to
instruction. Thus PI might not be the magbpropriateinstruction to use for amending
the processing strategies used when encountering relative clauses in the input.

The instruction used in the current study is basedtmPI buthas a key
difference in thattiaims to teach the learners in one of the conditidgarsing
strategie€hile they are reading and hearing easd#mtencewith relative clauses
(instructing them at the point a critical feature is heard or read), rather than exposing
them to whole sentences and asking the learners to make a decision about appropriate
meaning. The instruction will be describedsertion2.2.3.
Methodological considerations of previous PI studies
Although the effects of Pl have been widely investigated, it could be noticed that most
of them only included offline comprehension (visual or aural) tests like
sentencepicture matching (e.g. Alle2000;Kasprowic& Marsden 2018; VanPatten
& Cadierno, 1993a; VanPatten@kkenon 1996),GJTe.g. Marsden & Chen, 2011,
Robinson, 1995) and production (written or oral) tests like-fijape.g.Kasprowic&
Marsden 2018; Marsden & Chen, 2011, VartPat& Cadierno, 1993a), picture
description (Benati, 2004; Benati, 2005). However, since Pl is based on input processing
theorywhich refers tadthe linking of form and meaning during ret@he
comprehensioa (VanPatten, 2015, p.93), online processing ssswnts would be
more convincing in measuring the learning effects of PI. To the bestréhowledge,
only very few PI studidsaveinvolved online measurementsncluding trials to
criterion (e.gFernandez2008,Henry, Culman & VanPatteR009; VanP#&tn & Borst,
2012), selpaced reading@racos& Henry, 2021; McManus & Marsden, 2017;
VanPatten & Smith, 2019), and visual world-&geking (Wng & Ito, 2018).

The measure, trials to criterion, is used to assess online comprehension during the

treatment. As mentioned in section 2.2.2.1, this measure sets a criterion for reaching
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correct processing-ernandez2008) used this measure &valuatethe roleof El in PI.
However, this measure had some limitations.Fesnande42008)admitted, this
criterion lackedexternal validation anthe cut off of three in a rowvas established
arbitrarily. In addition, this measure could only provide information about how many
items that the participants need tprocess the targets correctliput it could not show
how the participantsprocess sentences at the time of processing th&hus,

compared to the measure of trials twiterion, other online measures like eymcking
and selipaced reading could provide momeby-moment data to revebprocessing
patterns

However,at the point of writing we are aware ainly four published Rinformed
studies that utilised ey#racking or seHpaced reading as outcome measurégong
and Ito (2018) used the eyteacking test to evaluate the effects B in processing
French causative construction. They found that Pl did change the way of learners
processing, but the learners did not parse the sentencesviay as the researchers
expected For seHpaced reading studies, McManus and Marsden (201 Avsldahat
the learnerswho received L1+L2 El and practice became sensitive to the target
linguisticstructure (Frenchmparfait structure) after training, while the L2 EI + practice
group did not show robust online improvement. VanPatten and Smith (20d@pied
that whether the L2 learners could show online learning effects depdnd the type
of target structure; in addition, Dracos and Henry (2021) found thatégskential
trainingdid not benefitthe online processing of Spanish verbal inflections.

It could be observed that the number of studies that used online outcome
measures is very limited, and thesultsare inconsistent. Thus, the online effects of PI
still need further exploration. Moreover, the previous three studididocussed
learnergattention on morphology or lexical items (not syntax itself) anty
contained one type of online testvhichmeasured either listening or reading online
comprehensionThe current study wilprovide a morecomprehensive view of online

effectsby usingooth selfpaced readingnd visualworld eyetracking tests.
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2.2.3 Sentence processirand parsing strategies

The terms processing and parsing are widely used in language research, and both of
them dinvolve momerntby-moment computations of language duringaktime
comprehension (VanPatten & Jegerskl010, p.4). These two terms used here are
based orthe sentence level. Sentence processing is broadly definéd psocess

whereby the meaning of a sentence is understahd parsing is @mponentof
processing, which refers t@he process whereby a syntactic structure is bodsed on

the activated lexical information, morphosyntactic cues (such as word order and case
marking), and an individu@lsyntactic knowledg#Jiang, 2018, p.244). In this seatjo

the differences betweetthe sentence processing of native speakers and L2 learners
will be discussed initially; then, the parsing strategies used in sentence processing will
be illustrated.

2.2.3.1 DifferencedetweenL1 and L2 sentence processing

Asignificart number of studies have investigated the sentence processing of L1 and L2
from the aspects of sentence ambiguity (eCginnings, Fotiadou & Tsim@i017;Fujita

& Cunnings2021; Juffs, 1998Vitzel, Witzel & Nicol2012) and syntactic

dependencis (e.gDallas & Kaar2008;Juffs& Harrington 1995;Marinis, Roberts,

Felser & Clahser2005;0maki& Schulz2011). Some researchers state thiad

sentence processing of L2 learners is fundamentally different from that of native
speakers. One influeial hypothesis related to thistatementisthe Shallow Structure
Hypothesis (SSH) (Clahsen & Felser, 2006a, 20@Bic)) suggests that the L2 learners
construct shallower syntactic representations compared to native speakers during
online processing. Tioe specific, native speakers are able to use both lesealantic

cues and syntactic cues during parsing sentence, while L2 learners might mainly rely on
the lexicalsemantic cues.his hypothesidias some support froraome empirical

studies. Br example Juffsand Harrington(1995) investigated the way that advanced
Chinesespeaking L2 learners of English process subjectd@lgo did Ann say___ likes

her friend) and object (e.gdWhich man did Jane say her fridii@és__€) extraction

(p-487). In the study, the native English speakers and Chapesaking L2 learners of
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English were examined the comprehension of subject and object extrattiongh
selfpaced moving window GJT and {fs#intence GJTt was found thatelative to the
native English speakers, the L2 learners had similar accuracy scores in object
extractions buthad less accuracy scomessubject extraction. Meanwhile, the reading
time data also indicated that the L2 learners showaggteater extent of slowdan at

the region after the first verb in subject extraction than object extraction sentences.
Thus,Juffsand Harringtonclaimed that the difficulty of parsing subject extraction of L2
learners might be due to the reanalysis problem instead of competeifiszahce.

Clahsen and Felser (2006a) suggested that the L2 learners in Juffs and Harrington
(1995) tended to usk lexically driven strategyduring processing syntactic
dependencies (p. 25) because the main verthefsentence was misinterpreted
initially, whichwas consistent wittsSHIn addition, the results dflariniset al. (2005)
are consistent with Juffs and Harrington (1995). Marinis et al. (2005) compared the
processing of longlistance fillergap dependencies between native English speakers
and L2 learners dlifferent languagebackgrounad (Chinese, Japanese, German, and
Greek) The participants were tested througihe SPR test and offline comprehension
questionnaire. The native speakers and the L2 learners performed almost equally well
in offline comprehension; however, the native speakers were able to use the
intermediate syntactic gap ianline processing (e.giThe nurse who the doctor
argued __that the rude patient had angered _is refusing to work latep.74), while
the L2 learners did not show the evidence of using the filléren strategy during
processing. fie L2 learners tended to use lexical cues to processdisignce
wh-dependencies as they attempted to link the previeusphrase to its lexil
subcategorizer. This study also supports SSH and provides evidence that the L2 learners
mainly rely on lexically driven strategy rather themtacticcues during realime
processing (see alseelser & Robert2007;Gruter, Lau & Ling2020;Papadopoiou &
Clahsen2003.

Neverthelesssome researchers challengedeathypothesis that L2 learners

process sentences fundamentally different from that of native speakers, instead, they
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arguedthat L2 learners arableto process sentences like native speakerg.Fujita &
Cunnings2021;Kim, Montrul, & Yoon2015;0maki & Schu)J2011;Williams, Mobius
& Kim 2001;Witzel, Witzel & Nicol2012) at least for some structurd=or instance,
Omakiand Schul22011) carried out a study to examimdnetheradvancel
Spaniskspeaking L2 learners of English could use the relative clause island constraints
to construct fillergap dependencies. The offline and online comprehensiastested
throughthe accessibilityudgment task and SPR tasispectvely. Both offline and
online results indicated that the native speakers as well as the L2 learners
demonstrated theability of using relative clause island constraint during process$mng.
addition, some studies suggested that L2 learners couldysecticcues to process
as the native speakers for some language features, but they are less sensitive to
grammatical information for the others. For instance, Williams et al. (2001) found that
both native speakers and L2 learners could use {ilteren strategy irprocessing
wh-dependencies; however, the L2 learners had difficulty in recovering from the initial
misanalysis even in offline tests, while the native speakers did not encounter this
difficulty. Similar findings could be observed in Fujita and Cunni®@d.Y2which
compared the reanalysis of native speakers and L2 learners in processing temporarily
ambiguous sentences (e @\Vhile Mary dressed the baby laughed happyl). Their
findings were partially in line with Williams et al. (2001). They alsodiolat L2
learners were more persistent with initiadisinterpretationcompared to native
speakers. However, they suggested that the L2 learrarsvell as native speakers,
experienced gardepath effects during processing, and they reanalysed the septenc
in a similar way (see also Kim et al., 2015).

In light of the findings that the L2 learners might be able to generate nikee
sentence processing pattern, Clahsen and Felser (2018) modified then8 $kimed
that native speakerandL2 learners wre not restricted to use only one pattern to
process sentences. Both L1 and L2 speakers couldshallewstructure processing
(i.e., depend more on negrammatical information relative to the grammar

information in sentence processing), but it occursrenoften in L2 learnerdn addition,
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the L2 learners have reduced ability in using syntactic cues instead of totally could not
use the cues.

The above studies present a debate of whether L2 learners can process sentences
based on syntactic cues irsamilarway as native speakers, and their findings are
generally consistent with the modified SSH (Clahsen & Felser,. Zait&xample,
some studies indicated that L2 learners could only use-gi@mmatical information
like semantic to parse the sentencgeghile othersarguedthat L2 learners were also
sensitive to grammar features during processing. However, even though some evidence
supports that advanced L2 learners can use syntactic cues to parse the sentences (see
Fujita & Cunnings, 2021; Williamsatt 2001), the L2 learners still could not use the
cues a%fficientas native speakers.

The current study will directly train L2 learners to use syntactic based parsing
strategies and investigate whether they will be able to use them to process relative
clauses in reaime comprehension. Nevertheless, the current study will not focus on
whether the L2 learners can be trained to process like native speakstsad, the
changes of L2 processing after training will be examined. In addition, many previous
studies about processing relative clauses relate to gaquih effects of reduced
relative clause and how temporariynbiguoussentences can be solved. The current
study will investigate the processing of relative clauses) a new anglethat is,with a
view to avoidng ambiguityoccurringduring processing. In relative clauses, the position
that decides whether the sentence contains @RC or an ORC is the first word after the
relative pronoun (seexample9). After the relative pronountliat), if it is a verb
(chase}, the clause israSRC, and the cat does the action of chasing; if it is a noun
phrase the dog, the clause is an ORC, and the dog does the action of chasing.
Exampleo:

SRC: The cat that chases the dog is big.
ORC: The cat that the dabases is big.
Thus, the wordfollowingthe relative pronoun can be used as a syntactic cue to assign

the grammatical roles of the two nouns in the relative clause. The L2 learners of the

79



current study will receivérainingabout this syntactic cue, anti¢ training effects will
be measured in a prepost, and delayed podiest design.
2.2.3.2 Predictive processing
The linguistic cue that will be used in the current study is the word after a pronoun in
English relative clausefe class of the word following the relative pronoun assigns
the grammatical roles of the two nouns. If the word is a verb, the noun before the
pronoun does the action, and the noun after the verb receives the actiong&G: The
cat that chases the dog big; a noun phrase showing after the pronoun indicates that
that noun does the action while the noun before the pronoun receives the action (e.g.
ORC: The cat that the dog chases i3. [igis syntactic cusould perhaps be used to
predictively and respectively interpret the meaning of the sentenees learners will
be looking at a visual display of two potential meanings.tfdreing materials will
involve incompletesentences, while the learner has to choose the meaning by
selecting one of the twgictures (described in sectich2.3.1). The information after
the syntactic cue will not be provided (e.§RC: The cat that cha¥e$RC: The cat
that the dogX), so the participants will be forced to used the cue to parse the
sentences.

Thus, in the fdbwing section, a short overview of tlmesearchagenda on L1 and
L2 predictive processing will be given. However, it is emphasised that this body of
literature is not core to the current study because when learners encounter the
disambiguatingvord (nounor verb after¢hatQthey carretrospectivelyntegrate this
information in order to parse the matrix clause they just heard as either the subject or
object of the sentence (they do not need to anticipate the rest ofd¢betencg. Thus
in the current stuly, the disambiguating word allows the language user to assign the
grammatical role of th@revious nourandthe upcoming noun.

In order to parse sentences accuratélypmprehenders need to assign the
intended structure and meaning to sentenicerementally, taking advantage of the
grammatical constraints of the languag@hillips & Ehrenhofe2015, p. 412). The

words or phrases of a sentence are related to each other, and when the parsers
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encounter one word or phraséhey would associate theord or phrase with previous
information or wait for further information to integratePhillips & Ehrenhofe2015). In
other words, language processing includes information integration and prediction
(Gruter& Rohde 2013). During sentence processingtelners and readers might be
able to use language cues such as syntactic structure, word category and lexical items
to anticipate upcoming information (Kaan, 2014). This process is called predictive
processing. Philips and Ehrenhofer (2015) emphasiseuhtpertant role of predictive
processing in language learning. They argued that the learners whathweasility to
predict what will come next are likely to gain more information from input compared to
those who passively parse the given informationedirhers can make predictions

about the upcoming materials, they would compare the words that actually occur to
what they have expected. When the upcoming words mismatch the expectation, the
parsers could learn from it and adjust future prediction to mizenthe opportunity of
makingthe same errorsCoumel, Ushioda & Messeng@020;Jaeger & SnideR013;
Johnson, TudBrowne & Goldberg2013; Kaan, 2014). Based on this theGmjjter,
ZhuandJacksorf2021) examined the effects of foireg prediction on éarning English
double object structure (D@iThe girl fed the squirrel some négkgp.15). In the study,
the experimentalgroup was asked to descripm writing,a picture using the given
information (see figure 2.1), and then they would be presentedhaiwritten sentence

of the target structureon screen The participants were forced to compare their own
production to thetargetsentence thus, they were expected to learn the structure

from the prediction erroi(that is, the'gredictiorCbeing operationalised d$vhat they

had produceand the®rror(as thedifferencebetween their production and the

input they heard) In addition, the control group would see the target structure directly
and they were asked to comlownthe sentenceand then producen writing their own
sentence.The control group were not asked to compare betwdlemtarget sentence
andtheir own sentence. It was found that both groups showed improvement in
producingthe target structure at the postest compared tdhe baseline testbut the

gains of the experimental group were significantly greatenttise of the control
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group. Thdindingssupportthe statement that prediction error can facilitate L2
learning.

Figure 2.1 Example training item for theexperimental group

Please judge whether your
sentence and Jessica's sentence

B o+ ) are exactly the same.Press the
i'a_, green key if the two sentences are

’& exactly the same, press the red key
if they are different.

aaaaa

Jessica: The official awards the
athlete a trophy.

You: The official awards the trophy
to the athlete.

award

Write what you think Jessica wrote

I The official awards the trophy to the

athlete.

(Gruteret al., 2021, p.54)

To date, a large quantity of studies has been conducted to investigate predictive
processing of native speakers and L2 learners fdtignann & Kamide1999;Brouwer,
Sprenge & Unsworth 2017;Chambers, Tanenhaus, Eberhddip & Carlson2002;
Chen, Bowerman, Huettig & Majid010;Grteret al., 2020Griter, LewWilliams, &
Fernald 2012;Kamide, Scheepers & Altmariz003; Hopp, 20134opp & Lemmerth
2018;LewWilliams& Fernald 2007, 2010Mitsugi & Macwhinney2016;Staub &

Clifton, 2006;Van Berkum, Brown, Zwitserlood, Kooijman & Haga#005).There

seems to be aonsistentfindingthat native speakers show anticipatory behaviour
during sentence processing. Fortarsce, Altmannand Kamide(1999) found that

native speakers could use reabrld knowledge to makéne prediction. Twentyfour
native English speakers were involved in a viswald eyetracking test. For each set

of items, the participants would see arserealistic visual scene that included a person
and several objects and heard a sentetita contained one object of the scene. The
eyemovements towards the target object were recorded and analysed. For example,
for the scene shown in figure 2.2, therpeipants were either heardthe boy will move
the caké or cthe boy will eat the caké(p.250). When the participants heaedt, they
could predict the following item should be something that could be eaten. However,

the anticipatory behaviour would ndite observedwhen the participants hearchove
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as everything in the scene could be movedotimer words eat could be used as a
semantic cue to make the prediction, but not fomke Thus, the participants were
expected tosaccaddo the cakeafter hearingeat because theakewas the only edible
object of the scene.

Figure 2.2: Example visual sceneAltmann & Kamide, 1999, p. 250)

Theresultsrevealed that the participants started to fixate on tbakeearlier in theeat
condition than in thanovecondition. The first fixation towards the target objeetf)
happenedbefore presentingthe actual word ireat condition but not inthe move
condition. It was demonstrated that the participants were sensitive to the language
cue and could use ib make predictions with their realorld knowledge

In addition, anticipatory behaviour also could dleserved in processingther
structures such as grammatical gender (Bguweret al., 2017Hopp & Lemmerth
2018;LewWilliams& Fernald 2010), casenarking (e.g. Hopp, 201Bamideet al.,
2003; Mitsugi & Macwhinney2016),syntacticstructures(e.g. Chen, 201@rteret al.,
2020;Staub & Clifton2006), discourse context (e\gan Berkunet al., 2005)with
native speakers. In a word, L1 predictive processing has been demonstrated by
substantialiterature.

In contrastwhetherL2 learners can use predictive parsing strategies during
sentence processing was unclear (©gkgraaf, Hartsuiker & DuycR017;Griteret al.,

2012; Hopp, 2013;ewWilliamsé& Fernald 2010). Many researchers stated that L2
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learners had difficulty with predictive processi@grtiterand Rohde(2013) proposed a
Reduced Ability to Generate Expectations (RAGE) hypothesis, whichdcthenhé2
learners,especiallythe low proficientL2 learners, had less ability in predicting
upcoming information during processing. Many studies provided evidence for this
hypothesis. LewVilliams and Fernald (201®und that intermediate Englisepeakng
L2 learners could not use the genderasficles in Spanish asmedictivecue to predict
upcoming nouns as well as native Spanish speaker, measured by visual world
eyetracking testsin addition,Gruteret al. (2012) confirmed the findings in
LewWilliams and Fernald (2010). It was found that even highly proficient
Englishspeaking L2 learners of Spanish who scored at ceiling in offline sentence
comprehension task could not use gender cuesfisiently as native Spanish speakers.
Nevertheless, somstudies also indicated thatdvanced learners could hage
native-like predictive processing pattern when the two languages have similar grammar
property (seeFoucart & Frenclestre, 2011;Hopp & Lemmerth, 2016)eber & Paris
2004). This findinguggeste that the predictiveprocessingf L2 learners might be
associated with learne€mative nguage andheir L2 proficiency.

To thebest of ourknowledge, no studjo date has investigated this syntactic cue
in processing English relative clauses for both native speakers and L2 learners. The
current study will explore how native English speakers and Chipssking L2
learners use thisyntacticcue in aural and written sgence processingespectively,
and whether L2 learners can be trained to use it more (or differently) and whether this
impactsperformancein offline measures toolhe small body of literature that address
this later question will be reviewed in the folling section.
2.2.3.3. Research into teaching predictive parsing strategies
So far, to the besdf ourknowledge, only two studies have investigated the effects of
teaching predictive parsing strategies on L2 sentence processing (Andringa & Curcic,
2015;Hopp, 2016). As reviewaabovein 2.2.1.2, the results of the two studies were
inconsistent. Andringa and Curcic (2015) trained the learners to use a preposition as

the cue to anticipate the animacy of direct objettsougha brief EI with practice

84



whichonly lastedfor 35 minutes. This linguistic feature did not exist in the L1 of the
learners. After training, the learnec®uld comprehend the target structure examined

by GJT, but no evidence showibay were using the cue in online comprehension
measuredby the visuatworld eyetracking test. Nevertheless, Hopp (2016) argued that
Englishspeaking L2 learners of German were able to use the determo@

sequences to predidhe grammatical gender of nouns after exposure to training
activities (no El wasrpvided). Each participant attended two sessions. The first session
wasa pre-test, and the second session that invaleaining and immediate pogiest

took place one week later. The participantadesignificant gains in production and
online comprehen®n and showed predictive processing at the ptesit. The L2

learners in the two studies had different L2 language proficiency. The participants in
Hopp (2016) had existing knowledgkthe target language, while the participants in
Andringa and Curcic @25) did not have. However, previous siesindicated that L2
proficiency wasmportantin predictive processing, and only advanced L2 learners
might be able to use the predictive cues in processing (Hopp & Lemmerth, 2016). The
lack of knowledge of the tget language might be the reason to explain why the
participantsin Andringa and Curcic (2015) did not generate anticipatory behaviour
after the training.

The participants who will be involved in the current study are supposed to have
existingknowledgeabout English relative clauses, and their Engirsiiciencyis
upperintermediate. Thusaccording to the arguments abovgainingin parsing
strategies may help them to usesgntacticcue topredictively and retrospectively
interpret the meaningf the sentencein order to decidevhich picture matches the
sentence they hear or read (with thpcturesdepicting an SRC or ORC). An additional
novelty of the current study is that the two previous studies focused lea€aéention
on morphology, andhe current study orients attention to the part of speech.

2.2.4 Input flood instruction (Incidental learning)
The current study will compared the training in parsing strategies with a condition in

which a similar amourf exposure to the target form will be given but in a condition
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that does not orient attention to the disambiguating role of the word aftbatQThis
condition is akin to a kind of input flood, a treatment that has been investigated for its
role in pranoting incidentalearning Thus, it isnow appropriate to provide a short
review of research into input flood and incidental learning.
Incidental learning is defined athe acquisition of a word or expression without
the conscious intention to commit thelement to memory (Hulstijn, 2012 p.1). The
term normally applies téearners picking up language features from reading or hearing
some materialgthough could in theory also refer to learning frggroducinglanguagé.
Input flood instruction could be considered as a kind of instruction that might promote
incidental learning because it enables learners to be exposed to a large number of
examples of target form without providing any explicit instruction or corrective
feedback (Hernande2018).Input flood conditions ask learners to do something with
the input that that does not require that they pay attention to the tardeature.
Indeed,a Pl component,e., affectiveactivities(introduced in section 2.2.2.1), cae b
described as a type of inpiased activig which provide learners witmultiple
exemplars of target form but does not force learners to process the meaning of the
targets (Marsden, 2006; VanPatten, 20@2H as such is a type of inpilbod.
Hernandez2018) suggested that one disadvantage of input flood instruction was
that it might notmake specific featursalient enough to induce noticirgf the target
forms. This may not therefore be a very beneficial condition for learning according to
proponents @ a necessary of facilitatory role for noticing or awaren@ssh as
Schmidt, 1990). To address this conceams researchers employed some visual or
aural enhancement techniquée.g.bolding, underlining italicisation, speak it more
loudly)in theinput to increase the likelihood of the target forms being noticed (e.g.
Izumi, 2002]_ee& Huang 2008),often termed4hput enhancemerAlthough input
enhancement highlighted the targetrims, it issimilar to input flood Kernandez 2011)
in thatit does not directly provide El to learners. In sum, input flood, input
enhancement, and affective activities of Pl shidwis same characteristidll three

types of inputbased activities allow learners to attend to the target forms if they are
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driven to doso by their own internal mechanisms (e.g., if tipeyceiveit or analyse

the inputconsciouslybutthe activities do notequirelearners to notice or

comprehend the feature. Thus, if they contribute to learning, it could be evidence of
incidental learmg. However, incidental learning is normally used to desdeaming
conditions where the participants are not aware an upcoming test. Thus, it must be
acknowledge that in sesearchstudy where the learners aware that there is going to

be a test, it is possible that the learners themselves strive to become aware of a target
feature and learn it.

A few studieexaminedwhether input flood itself could contribute to L2 learning,
but the resultswere inconclusiveHernandez2008, 2011) investigated the effects of
input flood with andwithout explicitinstructionon learning Spanish discourse markers,
but the resultsof the two studies were inconsistent. Both studies involved two grpups
one group received input flood with explicit instruction while another group received
input flood treatment onlyHernandez2008) found that only the group that received
input flood with explicit instructiorsignificantly improvedt posttest (no delagd
posttest was included in this study). Howevidernandez2011) observed that both
groups gained in using Spanish discourse markers atrtirediateand delayed
post-test, whichcould indicatehat explicit instructiorhadnot enhancel the effects of
the input flood. Two differences between the two studies might account for the
inconsisteng between the two sets aksults The most important one waklernandez
(2011) had 49 training itembut only 15 training items were included kfernandez
(2008).Thsincreasen exposure was likely to increase the chaof noticing the
forms during input flood trainingh Hernandez2011).Indeed UchiharaWebb &
Yanagisaw&2019) confirmed the important role of repetition in L2 incidental learning.
By analysing3leffect sizes from 26 incidental vocabulary learning studies, Uchihara et
al. (2019) claimed that thpositive associatiobetween frequency of encounters and
incidental vocabulary learningas of medium strengthHence, the effectiveness of
input flood might depend on whethesufficient training items aréeing provided. The

second difference betweeHernandez2008) andHernandez2011) was the
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proficiency of the participants. The participantsHernandez2011) had higher L2
proficiency than those iRlernandez2008), whictcould indicatehat the learners with
higher proficiency might find it easier to notice the form from exposure to the targets.

In addition, some researchers compared the effectivenessoidémtal learning
instruction (e.qg. input flood, input enhancement, affective activities) to that of explicit
training (e.g.Pl) in L2 learning (e.g. Henshaw, 20%8a & MorgasShort 2019;
Marsden, 2006; Marsden &€n, 2011), and inconsistent resultere observed. As
discussed in section 2.2.2.1, both Marsden and Chen (2011) and Henshaw (2012)
investigated the extent to which referential activities and affective activities can
contribute to learning L2 morphosyntax. Marsden and Chen (2011) foundhiat
affective activities alone could not promote learning Englistipast tense verb
inflection, while Henshaw (2012) claimed that affective activities had efézpis/alent
to those ofreferential activities in learning Spanish subjunctiYee notabledifference
between the two studies wathat Henshaw (2012) provided the learners with El before
affective activities while Marsden and Chen (2011) did not. Issa and M&igyair
(2019) foundike Marsden (2006}hat input enhancement activities were infer to
the structuredinput activities (no El was provided ither group in learning Spanish
direct object pronoun. These studies were in line wildérnandez2008) which found
that input flood training was effective in L2 learnioigly when combinedwith El.

Some benefitsof incidental learning instruction with El also could be observed in
Marsden (2006)Marsden(2006) alsonvestigated the impact of Bin enriched input
but on comprehension and production of L2 French verb inflections. The enriched
input that the study used was similar to input flood. The study included two
experiments one experiment in each ofvo secondary schools. The participants in
experiment 1 had loer L2 proficiency relative to the participants in experiment 2. In
each experiment, the participants were assigned to eitherRinriched input groups
and both grougreceived El prior to the training activities. The results of experiment 1
confirmed the superiority of Pl because thedbupshowed significanimprovement

in both comprehension and production tests white enriched input group did not
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showany gains. On the other hand, in experiment 2, the participants who received
enriched input madédentical gains witlthe PI group in oral and written production
tests, but they did not gain in comprehension. Marsden (2006) suggesteénhahed
input was generalljess effective than Pl in learning French verb inflections, and
learners who had higér L2 proficiency were more likely to gain from enriched input
than those with lower proficiency

In addition the influence oenhancemenin improving the effects of input flood
seems to be uncleatee and Huang (20@jneta-analysis of input enhancesnt on
L2 learnindound thatoverall the learners who received enhanced input outperformed
thosewho received input flooanly with a very small effect sizel€.22) a very small to
neligible effect(asbetween .40 and .7(h L2 research is deemed to baall byPlonsky
& Oswal®2014meta-analysis of effect sizes in the figlth addition, Issa and
MorganShort (2019) investigated the effects of input enhancement on attentional
allocation and L2 learning. It was found that although input enhancetnigigiered the
learnergattention to thetargetform, it did not facilitate learning.

We have seen thahe extent to which input flood (and similar inpbased
instruction like input enhancement) cdrenefitlearning is far from conclusiveori&e
studiesshowed that learners could learn from input flood alohtefnandez 2011);
some showed that input flood could be effective when it follows EI (Henshaw, 2012;
Hernandez 2008 or when it icombinedwith a $pot the formfhoticing condition as
in KasprowicandMarsden(2018); and some revealed that input flood could not
benefit learning regardless whether notit is combined with EI (Marsden, 2006;
Marsden & Chen, 2011). One possible reason that could acémuthite inconsisteny
might be the different arget forms Previous studies that compared the magnitude of
effects of referential style input activities with those of an input flood style of activities
mainly focused on learning morphosyntax; none of them have examined syntax. To
addresghis gap, thecurrent study will use an input flood style of activity as
comparative instruction in which one group of participants will receive input flood

training on relative clauses. It is emphasised that the main purpose of involving input
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flood group is to evaluia whether learners can gain from simple exposure to the target
forms. Thus, no explicit information will be given to tharticipantswho will receive
input flood training, and no enhancement techniques will be used to emphasize the

target structure.

2.3 Rationale and research questions

2.3.1 Rationa

The current study will address the extent to which teaching parsing strategies can
benefit the L2 learning of English relative clauses. This research aaddr#ss gaps in
research to date as follows.

First, the previous studies have demonstrated that English SRC is easier than ORC,
and the animacy of the head noun might affect the difficulty of ORC in offline
comprehension but not in online processing. However, toldbst of ourknowledge
no study ha investigated whether native English speakers and L2 learners could use
the part of speech of the disambiguating linguigtiee, the word after the relative
pronoun, to process relative clauses (if it is a verb straight after relative pronoun, the
sentene will contain an SRC, elhe cat that chases the dog is jigt is a noun
straightafter relative pronoun, the sentence will contain an ORC,hg.cat that the
dog chases is bjgThe current study attempts to investigate whether native speakers
and L2 learners are sensitive tasltueduring online aural and reading
comprehension of relative clauses and whether it will be affected by the animacy of
the head noun.

Second, it is debatable whethexkplicittraining canaffect online processing. So
far, few published studies have investigated the effeagxlicit training on online
processing (Andringa & Curcic, 20Dbacos& Henry, 2021; Hopp, 2016; McManus &
Marsden, 2017; VanPatten & Smith, 2019; Wong & Ito, 2018), and the studies
generated inonsistentresults Some studies suggested that thature of online
processing was not changed by explicit training (Andringa & Curcic, Redns&

Henry, 2021), while the others showed evidence that exghaihing could alter online
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processing to sme extent (Hopp, 2016; McManus & Marsden, 2017; VanPatten &
Smith, 2019; Wong & Ito, 2018&or exampleWong and Ito (2018)roduced nuanced
findings suggestinthat althoughthe training did change the pattern of online
processingthe learners could notise the cues that they learned in training to process
sentencegredictively In addition, the previous studies related to this issue focused on
teaching morphology processing, and no study has investigated the effestplafit
training onthe learningand processing of syntax. This study adldress thegap by
investigating the extent to whicexplicittraining could affect L2 relative clauses online
processing.

Third, the instruction that will be used in the current study originates ftben
referential activity component withirP|, but it will be slightly differenfrom PI. Pl aims
to push the learners away fromefficientprocessing strategies by training them to
makethe form-meaning connection, so grammatical features used stuRlies to date
always have referential meaning. However, the language cue that the current study will
include does not have referential meaning, and it belongs to syntaddiion, the
previous research into teaching predictive processing (Andringa & Curcic, 2015, Hop
2016)addressedhe issueof whether the learners could usemorphologicatue to
predict the upcoming language after training (e.g. gender agreement). No study has
investigatedwhetherlearners can be trained to ugart of speech (noun versus verb)
to predict the meaning of the sentence. The current study will test whether the
learners can be trained to use thesyntactic cues tinterpret the sentence meaning
(byassigningoles to the first andecondnoun) during reaitime processing.

Fourth, the previous studies that examined the effectexjlicitteachingon
processing itseliave some methodological limitationSome researchers used trials to
criterion (e.gFernandez2008;Henry, Culman & VanPatteR009; VanPatten & Borst,
2012 to measurenhat they referred to asnline comprehensiorduring training.
However, this measurkackedexternal validation and the criterion thaketermined
whether learners can have correct processing was arbitfeeyn@ndez2008). Keating

and Jegersk2015) pointed out thre®nline measures: SPR, eyacking and ERP®
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date, the previous studies that addressed this issue only incledbadr SPRor
eyetracking test. Hence, within orgudy, only online aural processimg reading
processing hasdenexamined The current study will involve both SPR and
visualworld eyetracking testsEye-tracking and SPR tests will tap imtalifferenttype

of knowledge the eyetracking test will be based on ditory input, while the SPR tests
measure online reading comprehension. Participants may show some differences in
these two types oknowledge Alsq the eyetracking tests will measure whether
participants can process relative clauses usingsghmacticcue, while the SPR tests
focus onsensitivityto the cue when the sentence and the picture mismatch. It is
possible that the participants may have some kind of sensitivity towards the cue
(observable in eynovements)ut lackthe ability to use the cue tdeted anomalies
with a picture wherprocesing sentencesor vice versa. Therefore, involving both
online measures in a study might be able to provide a more comprehensive picture in
investigating the training effects of a teaching method.

Finally, the instration that will be employed in the current study is different from
those used in previous PI studies. The previous studies utilised morphological cues to
train learners to understand thereferential meaning$unctions, while the current
study will teacha syntactic cue which does not have referential meaning. In addition,
the training items provided to the participants were stopped after the syntactic cue;
thus, the participants were forced to use the syntactic cuadsign roles in the
sentence Becaus®f this innovative teaching method, the training effectsofline
comprehension and production will also be evaluated.

The current study will be in a ptegpost, and delayed postest design, and all the
L2 learnersvill take part in the three test pdses withsametime intervak. Participants
will be randomlyassignednto either parsing group, input flood group or testly
group. The parsing group will be provided with EI and practice about parsing strategies
of relative clauses. The input flood ggwill receivean equal number of practice
items as the parsing group, but they will not receiveadl the training will expose

them the target structuresut not orienttheir attention to it. The testonly group will
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not receive any training, and theyill only take the tests.

2.3.2 Research questions

Thecurrentstudy seeks to address the following research questions:

Main RQ1: Which type of relative clause (SRC vs. ORC) is more difficulyreatds
the role of animacyof the noun in themain clause?

1)in offline comprehension?

2) in online comprehension measured by sptced reading?

3) in online comprehension measured by éyacking?

4) in oral production?

5) inametalinguisticknowledge test?

Predictiors: Based on previous studies imoocessing and producing relative clauses,
in generalthe ORC is expected to be more difficult to process and produce $R&h
for both native speakerand L2 learners.

ORCsvith the inanimate headare predicted to be easier tha®RCsvith animate
heads.

The performance of NSs and L2 learmaey varyamong the five outcome
measures. The NSs are expected to score at ceiling in offline comprehension. However,
they might have difficulty in producing ORCs arack ofmetalinguistidknowledge for
both SRC and ORC. In online measures, the NSs are expected to be more sensitive to
the languagecues and be more likely to use the cue to predictaipeoming
information in SR&compared to OREC

Before receiving the training, the L2 learners predicted to have higher
accuracy scores for SRC than ORC in offline comprehensigmaghattion, and might
not have metalinguistic knowledge feither type Becausd.2 learners are likely to
haveareduced abilityto generate expectatiosrelative tonative speakers and/or a
reduced sensitivity to processing syntéxe L2 learners might not be sensitive to the
syntactic cuessmeasured by SPR and might not be able to use#reof speectcue

to parse SRC and OR((re-test.
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Main RQ2: To what exdnt can teaching parsing strategies, with explicit information
and practice, exposure alone oo exposure (tests aloneflevelop the learning of
relative clauses?

To what extent are effects observabBle

1) in offline comprehension?

2) in online processing during sedaiced reading?

3) in online comprehension as measured by predictive eye movesyamd if so at
what point in the sentence are effects observéble

4) in oral production?

5) inthe metalinguisticknowledge test?

Prediction Based on the findings &l studies, the participants who will receive
trainingin parsingstrategies are expected to gaim offine comprehension, oral
production and metalinguistiknowledge The participants in the current study are
upper-intermediatelL2 learners who have existing knowledge about the structures.
Based on the findings of Hopp (2016), the parsing group is predicted to improve in
online measure# terms of being more able than the other groups to show sensitivity
to a mismatch between afative clause and a picture stimulus, and more likely to use
the part of speech cue predictively to make anticipatory looks in a visual world
paradigm.The participants of the input flood growgse expected to hava limited
improvement in offline comprednsion and productionperhaps due to awareness
raising during the tests and/draining, but not in online comprehension and
metalinguisticknowledge. The tesbnly group is expected to have no gagver time

or some negligible to small gains due to takihe test batteries multiple times
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Chapter 3 Methodology and methods

This chapter illustrates the methods used in the curstndyand discusses the
methodological considerations. Ethical considerations, participants, design of the study,
outcome measures, training methods and the findings of the pilot study are discussed

in sequence.
3.1 Ethical considerations

Severakthical issus were considered before data collectidrhis was considered to

be a lowrisk project. All the participants involved in the study were over 16 years old,
and they did not belong to vulnerable or higkk groups. They were not asked for
opinions about sesitive or potentially distressing topics. The following steps were
taken to ensure adherence to ethical considerations.

First, the participants wermvited tovoluntarily take part in the study. The
participants were recruited from the University of Yoakd they were invited to the
research througtan email sent by their department administrators or through
advertisement that the researcher posted on the social media software, Wechat. The
participants were informed that the research was entirely sepafrom the University
courses, and their participation was optional. The participants were free to withdraw
their participaton during the experiment and with six weeks after the final session.
After that time, they were not allowed to withdraw the dabecause their data would
have been anonymisefr analysis.

{SO2yRX ly2yeéYAileé YR O2yFTARSYUGAIfAGER
protected. The participants were assigned numerical identifieas were used in the
experiment to ensure anonymitithe links of the names with the numerical identifiers
were kept in a sheet and stored separatatyd securelyThe personal information of
the participants wll not be shared openly.

Third, the digitabased data were stored on a passwgmebtected compuer, and

the paperbased data were stored in a locked drawer. Only the researcher could access

-
z
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were anonymised, and only the final data sets will be shared openly afteisthes
submission.

Fourth,there were two potential benefits to participants in the study: th2
learners could learn Englisluringthe study, and all the participantsere rewarded
some money at the end of the final session. Native speakers who tooknpameitest
sessionhichlasted for around one hour) receivéd; L2 learners who took part in
three test sessionsahichlasted for around three hours) received £15 and the training
materials after the final session; L2 learners who took part in threegessions and
two training sessionsahichlasted for four hours) received £20 after the final session.

The participants were required #®) read an information page that included the
ethical consideratioslisted above, the purpose of the study, and tleguirement for
participation (i.e. first language should be English or Chinese; Ckspes&ing
participants should have IELTS score between 6.0 and 7.0p) aigh a consent form
(see Appendix 1tp confirm thatthey had read and understand the information. The
consent form had been approved by the Ethics Committee of the Department of

Education at the University of York.
3.2 Participants

79 Chinesespeaking L2 learnersf Englistand 21 native English speakersre

involved in the study. All the participants reported that they had the good hearing,

normal or correcteeto-normal vision, and did not have dyslexia. Each participant filled

in a background information questionnaifgee Appendix at the beginning bthe

first session. The information collected from the questionnaire about native speakers
and L2 learnerare providedhere.

3.2.1 Native English speakers

The 21 native English speakers were 17 female and 4 male. Their age ranged from 18 to
43 with a mea of 25.77 (SB 7.03). All of them were students of the University of York.
Six were undergraduate students, 11 of them studied at master level, and 4 PhD

students.
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3.2.2. Chinesespeaking L2 learners

79 L2 learners were involved in the test, and tinare randomly assigned into two
training groups the parsing group (& 27) andthe input flood group (n=26)- andthe
test-only group (n=26). Among 79 participants, 68 were females, 10 were males, and
one did not provide gender information. Tihaverage age was 23.95 (S$8.08, Min=

17, Max= 35). 4 of them were undergraduate students, 70 were master students, and
four were doing their PhD. They had stayed in the Ularicaverage 06.40 months

(SD= 7.35) when they took part in the study. 14 bém reported they had been to an
Englishspeaking country for one month or more before coming to the UK (rn=e@u38
months, SB= 5.73, MirF 1, Max= 20). All participants reported their highesterall
IELTS scores were between 6.0 and with anaverage of 6.46 (SB0.42). In addition,
the participants were asked to rate their confidence in English grammar from 1 to 5.
"1" indicates "not at all proficient” while "5" indicates "very proficient”, and the mean

of seltrated proficiency was 3.09 ($D0.69 Min = 2.00, Max = 4.00
3.3 Design of the study

The current study included three groups of L2 participants (parsing groupy ninput
flood group, n=26; testonly group, n=26) and a group of native English speakers (n
20). The native itglish speakers only took part in one test phase, and the three L2
groups attended three test phases (pest, posttest, threeweek delayed postest).

The two training groups, parsing and input flood groups, received two approxirbate 3
or 30-minute traning sessions between the ptest and the postest. The first training
session took place on the day following the jest, and the interval between the first
and the second training session was three daysll the participantsThe postest

was hetl three days after the second training siess and the delayed pogest was
administrated 21 days later. The testly group only took part in the three test phases,
and intervals between the prepost, and delayed podest were the same as the
training. They took the podest sevendays after the predest and tookthe delayed

posttest 21 days after the pogest (see figures.1).
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Figure 3.1 Experimental design of the study

// Four weeks \

i Training Training Post- Delayed
Pre-test |1day session 1 3 day session 2 3 day test cLChy post-test

3.3.1 Stimuli

The training activities ansts included a great number of pictures and aural stimuli.

Every picture in the study had a size of 400*400 piedshpictureincluded an agent

and a patieninvolved in an event can action. The agent and the patieeither could

be two animated otwo inanimate nounsor one animate and one inanimate noun.

The pictures were created by the researcher or edited from free online imagese

online images came from a picture databadseltiPic

(www.bcbl.eu/databases/multipjc The aural stimuli were reeded by three female

British accergd native English speaker&ll the tests stimulivere recorded by one

speaker, and the stimuli for training activities were recorded by the other two speakers.
The relative clauses used in the study were all in presiemple tenseandactive

voice, and the clauses were ceneenbedded in the sentence (e.g. The cat that chases

iKS R23 Aa oA0d 'ff (GKS NB I GAOSthad bl dza S:

This level of homogeneity across the stimuli was necessary so that to avoid introducing

confounding variables (such as additional syntactic complexityyiahwe did not

havesufficienttime in the study to manipulate or control.
3.4 Outcomemeasures

The current study used a battery of measures to tap into the knowledge and the use of
relative clauses. Eyteacking and selpaced reading tests were used to measure online
comprehension, while offline comprehension was measurethbyural

sentencepicture matching test. In addition, oral production and metalinguistic
knowledge were measured.

Each outcome measurasdesigned in four versions becayssConklin,
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PellicerSanchez, and Carrol (2018) stdtee number of versions of tests (often called

WaiaQ Ay LaeOKz2f2380 aKz2dZ R Sljdza t G§KS yd

current study, there were four linguistic conditions (subject relative clause with
animate head (SRE), subject relative clause with inanimate head (HRdirect dject
relative clause with animate head (ORY; and direct object relative clause with
inanimate head (ORI}, as explained in the Literature Revieand therefore, four
versions of outcome measuregere developed. In the outcome measures, each pair of
pictures could create a group tur different stimuli, which aréwo SRCs, antivo
ORCs. Within one group of stimuli, the véype and the number of words were kept
constant. In order to balance the degree of difficulty of each version of the test,afach
the four stimuli based on one pair of pictures were allocatedite of the four
different versions.

In this study, there were three test phases (pneost, and delayed pogtest). The
test versions were countdvalanced across each test phase, witbamdition. That is,
in each test phase, all four outcome measure versions were administered to the
participants. The participants in each Treatment Condition (parsing strategy group
n=27, input flood group n=26, and test only group n=26) were randomilyedivnto 4
sub-groups, each of 6 or 7 participants; each-gubup completed a different version

at each test phase (see Tabld B

Table 3.1 Illustration of the allocation of test versions in pre, post, and delayed postest, in each
treatment Condition.

Treatment Condition A Pretest Posttest  Delayed postest

Subgroup 1 =6 or 7) Version1l Version2 Version 3
Subgroup 2 (=6 or 7) Version2 Version 3 Version 4
Subgroup 3 0=6 or 7) Version3 Version4 Version 1
Subgroup 4 =6 or 7) Version4 Version1 Version 2

For each measure, the methodologlconsiderations will be discussed initially,

with a view to justifying the choice of measurgsedin the current study. Then, the
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detailed design of each measure will lagd out The two online measures, visvabrid
eyetracking tests and SPR, will Idroduced first, followed by offline comprehension
production andmetalinguisticknowledge measures
3.4.1 Online measures
Online measurethat provide information about how participants process language in
real time are favoured bgnincreasngnumbers of second language (L2) researchers.
The most commonly used measures in recently published studieSRiReyetracking
and eventrelated brain potentials (ERP) tests (Keating & Jegerski, 2015). In this section,
eyetracking and SPR measures Wldiscussed in detalil.
3.4.1.1 Methodological considerations
Eyetracking test
& 9 drdeking is a technology that measures fixations, saccades and regressions in
response to visual input, while an eyieN} O1 SNJ Aa GKS RS@GAOS (Kl
PellicerSanchez, & Carrol, 2018, p.2). Hyeking technology has been widely used in
L2 studies, and it has two major advantages. Firstt@eking experiments reduce the
influence of working memory since it does not require participants to recalefiang.
Second, this technique allows participants to read or listen to relatively natural stimuli
(without the need to introduce ungrammaticalities, though sometimes this can be
done)l YR AG OFyYy YSIF&adz2NE f SFENYSNEQ hBiNRPOSAaA)
additional task (Conklin, Pellic&anchez, & Carrol, 2018). Therefore,-&geking tests
have beeradopted by many researchers in recent years (Huettig, Rommers & Meyer,
2011; Roberts & Siyanowzhanturia, 2013; Winke, Godfroid & Gass, 2013).

In geneal, there are two types of eyacking experiments, texbased where
participants read the written inpytndthe visuatworld paradigm where participants
listen to input and are presented with one or more pictures or videos related to the
aural input. Tet-based eydracking tests measure online reading comprehension, and
there are plenty of researchers using this type of testxamineanomaly detection
(Keating, 2009), ambiguity resolution (Witzel, Witzel, & Nicol, 2012) and syntactic

dependency formabn (Cummings, Batterham, Felser & Clahsen, 2010). However, the
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visuatworld paradigm which measures spoken language comprehension attracts
NB & S I NOK S NEhrederii ivGdédadeg gind the/current section will focus on
this type of eyeracking test.

The visualvorld paradigm eydracking testsare basel on the hypothesis that
there is a referential relation between aural and visual stimuli (Cooper, 1974). In other
words, people tend to look at the elements that they are hegrthgs, the eye
movSYSyida OFy NBFESOG (GKS aGf Ay3adzaiaidAio NI LN
hearing the aural stimuli (Godfroid, 2019, p.89). Based on the theory that there is a link
between language processing and eye movement, researchers have used the
visuatworld paadigm to investigate word recognition (Marian & Spivey, 2003),
anticipatory eye movements in sentence processing (Altmann & Kamide, 1999, 2007;
Andringa & Curcic, 2015; Curcic, Andringa & Kuiken, 2019; Dijkgraaf, Hartsuiker, &
Duyck, 2017; Hopp & Lemmerth018; Mitsugi & MacWhinney, 2016; etc.), and
referential processing which refers to the ability of establishing reference using the
information that the processors hear (Cunnings et al., 2017; Kim et al., 2015; Sekerina
& Sauermann, 2015; Sekerina & Tswell, 2011). Among those empirical studies,
Altmann and Kamide (2007) demonstrated that native speakers could use

morphosyntactic cues of tense to predict the meaning of upcoming information. In the

r—

AiGdRes GKS LI NI A OA MTheyndrawi dirk thelBees 3 Syieingy O S &
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has drunkthewine 0 LJP pnpv gKAES t221Ay3 i |
beer, an empty wine glass and some distractors (see Figure 3.2).

Figure 3.2 Scene used in Altmann & Kamid2007, p.505

f’i P

o

It was found that the participants had more looks towards the empty wine glass than
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the full glass of beer when they hednds drunkand vice versa. This study suggested
that the anticipatory eye movements could reveal the linkage between the language
input and objects thahad (or had not yet) been named.

The current study investigated using syntactic cumterpret the meaning othe
sentence, to be specific, the grammatical roles assignment of nouns in relative clauses.
The word orde(part of speech of the wordjfter the relative pronoun could be used
as a syntactic cue to determine the role of nouns in a relative clause.ipantis were
expected to distinguish the agent and patient in a relative claasd it was expected
that sensitivity to this cuevould be observabléhrough visualworld eyetracking tests.

In the tests, for each item, participants saw two reversible pegwdepicting an action

while hearing a sentence about one of the picturélse proportions oftieir eye

fixations on the target picturgersusthe distractorat variouspointsafter the syntactic

cues were recorded and analysed.

Selfpaced reading test (BR)

Selfpaced reading (SPR) is another widely used online comprehension measure, which
requires participants to press a key at their own pace to read sentences broken into
words or segmentddr a review of the method, searsden, Thompson & Plonsky,

2018). It can be used texaminesimilar types ofjuestionsas eyetracking, for example,
ambiguity resolution (Dussias & Cramer Scaltz, 2008; Roberts & Felser, 2011), anomaly
detection (McManus & Marsden, 2017, 2018; Roberts & Liszka, 2013), syntactic
depencency formation (Williams, 2006; William, Mobus, & Kim, 2001). In SPR studies,
the reaction times (RTs) of each gegss are recorded and analyséthe speed of the
reactions is interpreted according to the specific question being examimedxample,

in some studies, faster RTor whole sentences might indicate higher proficgiif

sentential comprehension is the purpose of the study.

However, participants can slow down for some reasons, revealing sensitivity to
ungrammaticality, to unexpected wordst;, to ambiguity and/or its resolution. Native
speakers and advanced proficient L2 users tend to spend more time processing

ungrammatical or unexpected information than low proficiency language learners

102



(Roberts, 2016). Therefore, in SPR studies, the spmeth tto process critical regions is
also analysed. For exampMcManus and Marsden (2@} conductedan SPR
experiments by usingentencepicture match or mismatch taskhey defined it as a
type of anomaly detection as it containedntextstimulus anomaes. It is true that
GKS GSNY Wry2YFLfée RSGSOGA2YyQ A& y20G 0SAY:
linguistic anomaly in verbal input); but the task is sensitive to whether or not the

LI NG AOALI yi WRSGSOGA |y ly2Yl &geFaeambigSSy
item of the test, theparticipantssaw a picture and a sentence, and the sentence either
matchedor mismatched the sentenceh& RTs on critical words in matched and

mismatched itemsvere analysedTheanalysisvas used to investigateensitivty to

WHA22E I GA2yAaQ oYAaYlGOKSa g Al Katyp&KdSFreMcE | y A y
morphosyntax|f participants were sensitive to the violatiar the morphosyntax

slower RTsvould be found on critical words of mismatched itemegative to mached

items.

In the current study, the aim of using the SPR test was to examine whether the
participantswere sensitive to the syntactic cue (i.e., the word order after the relative
pronoun)instead of merely investigating which type of relative clauses was more
difficult to process. Thus, anomalies were considered to be included in the critical
regions. However, since the only difference between SRC and ORC was the word order
after the relatve pronoun (i.e., in SRKhe cat thatthases the dogs big after $hat(s
a verb\WhaseQORCThe cat thathe dog chasess big after ¥4hatQs a nourtthe dod)
the ungrammaticalityvas not applicable under this conditiofihe test was designed
following McManus and Marsden (2017), and sentepa#ure anomalies were
included.

For each item in the tests, participants same picture and read a sentence at
their own pace. The sentence might match or mismatch the picttitee participants
couldprocess the linguistic cue appropriately, they would slow down when the words

they read mismatch the meaning conveyed by the visual stimuli. L2 learners might also

change their processing behaviour aftee training sessions (as in McManus &
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Marsden 2017), for exampleshowing increased sensitivity to the morphosyntax they
had been trained on.

3.4.1.2 Design of the tests

Both theeye-trackingand theSPR testach hadl20 items. They were 40 critical items
(10 SR&, 10 SREC 10 OR&\, 10 ORQ) and 8Mon-critical items (32 distractors and
48 fillers). 30of these 8non-critical itemswere followed by comprehension questions.
In both tess, the items were displayed randoynt in a different order for different
participants

The sentences used as visaahural stimuli contained either eight or nine words,
but the number of words up to and includitige critical region(the noun and the verb
following thatQwere six for all the critical item&or critical items, the sentences
created by one (in SPBst) or a pair of (in ey&racking test) had exactly the same
words, except the word orders of the critical region were different.

Balancing critical and nowritical items

In an eyetracking or SPR test, in case of data loss, the ratio for critical items and
non-critical itemsis recommendedo be more than 1:1 (Keating & Jegerski, 2015). In
other words, in an ey#racking or an SPR tegtwas desirable to have at least%0of
items as noun critical itemsnd ideally, this proportion can be up to 75%.

In addition, because psycholinguistic measures liketeyaking and SPR tests
usually lose &5% of data during collection, in order to collect sufficient data to
conduct analysis, 812 items were recommended for each linguistic condition (Keating
& Jegerski, 2015). In this study, therere four linguistic conditions:

1) subject relative clauses with animate heads (BRC

2) subject relative clauses with inanimate he§8Ra),

3) direct object relative clauses with animate heads (@GRC

4) direct object relative clauses with inanimate heads (QRC
Each condition had ten items, so thexere 40 critical items in total. Ideally, the
number for noncritical items wold be 120. However, in the pilot study, we noticed

participants easily got fatigued, so the numlzéthe non-critical itemswas reducedo
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80. Therefore, the ratio for critical and nanitical items was 1:2. Within the 80
non-critical items, four of thenwere used as practice items which were displayed
before the real test.

Comprehension questions following some items

In order to keep participants engaged in reading or hearing the stimuli, comprehension
guestions (CQs) followed some of the items. Howenegretitive CQs on specific

regions would cause longer reaction times (RTs) on those regisrssigested by
Marsden, Thompson, Plonsky, 2018), so in the current study, CQs only appeared after
non-criticalitems to reduce the chance of CQs affecting R/ith a view to reducing

the chances that participants would become aware of the specific target features or
the purpose of the critical stimuli, the comprehension questions asked participants to
respond to their comprehension of beginning, middle and egdbarts of the

distractor and the filler sentences. The frequency of comprehension questams

been recommendedb be one for every three or four stimuli (Keating and Jegerski,
2015). In the current study, 30 nanmitical items, constituting 25% of thetal number

of items, was followed by comprehension questiptimis,the ratio for comprehension
questions after distractors and fillers was 2:3. All the CQs wesmoquestions, and

the answers to 50% of questions weyes while the others werao. Inthe

eyetracking tests, the participants were instructed to answer the questions according
to what they heard and saw, while in SPR tests, the participants were required to
respond to the questions based on what they had read. The participants would not
receive any feedback to tathem whether the response was correct or not.

Design and administration of the eyacking test

Design of eydracking test

For each item of the eywgacking test, the participants were asked to look at two
pictures while hearing one sentence which matclosdly one of the picturesThere

were 40 critical items and 80 neeritical items. The regions of the two pictures in each

visual scenavere defined ashe regions of interest (ROI).
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Critical items

Based on one pair of pictures, two SRCs and two ORCs were created and randomly
distributed in four versions of tests. The pictures used in critical items were reversible
ThepartOA LI yG&aQ | GGSYydA2y 61 & inDiddr)® Ddrf®® (2 T2
which picture was being describet@ihe critical regions were the three words after the
NEBfFGADS LINBYy2dzy GUKIFIGeéd ¢KS LI NOAOALI yiG:
picture when they heard the onset of the first critical word.

The examples for critical items are shown in figure 3.3.

Figure 3.3 An example of a critical itein the eye-trackingtest

hears

Aural stimulus:

1. The boy thahears the girl has blond hair. (SR

2. The boy that the girl hears has blond hair. (@RC

3. The girl that hears the boy has blond hair. (BIRC

4. The girl that the boy hears has blond hair. (@RC

(As described above, each of these stimuli wererithgted across different versions of
the test, so that one individual participant would see this picture with only one of
these aural stimuli in any one test phase).

Non-critical items

Non-critical items could be divided into two types, distractors, whiel similar
characteristics to critical items, and fillers, which were not related to critical items
(Keating & Jegerski, 2015). The pictures used iranitical items were noneversible.
This study had 32istractors (approximately 27%f the total items) and 48 fillers (40%

of the total items). For distractors, SRCs and ORCs were used as distractors as well as
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serving as critical items. That is, when the relative clauses were used as distractors,
participants were able to choose the matched picturesdobgnlexicalcues (i.e., the
semantics of the nous), whereas, for critical itesy they would have to use syt

cues to make the decision. The four types of relative clasaeh served as eight
distractoritems. The examples of the distctors are sbwn in figure 3.4more

examples see Appendix7, and the list of critical items see Appendix 12).
Figure 34 An example of a distractan the eyetrackingtest

licks

%

¥ P -

Aural stimulusone of either

.

1. The dog that licks theat is brown. (SRE)

or 2. The cat that the dog licks is grey. (RC

CQ: Does the dog kiss the cat? No

or 3. The dog that licks the rabbit is brown. (S]C

or 4. The rabbit that the dog licks is grey. (&RC

CQ: Is the rabbit grey? Yes

Forfillers, there were 4 types of sentences: present simple, present simple +
prepositions, present simple + passive voice and present progressive. Each type had 12

items. See figure 3.5.
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Figure 35 The examples of eyeacking fillers

washing

Aural stimulusone of either

1. The boy is washing his hands in cold water. (Present progressive)

or 2. The boy is washing his hands veayefuly. (Present progressive)

CQ: Is the boy washing tohthes? No

or 3. The girl is washing a lot of dishes. (Present progressive)

or 4. The girl is washing dishes in warm water. (Present progressive)
Administration of eyetracking test

The tests were administrated with an Eyelink 1000 plusteg@ker (SR). The stimuli of
the test were displayed on a desktop computer, and the size of the screen of the
monitor was 48*27 cm. In the test, each participant sat on a chair and fitted
0KSYaSt gSa 2y I OKAY IyR FT2NBEKStoke NBalid
screen was fixed at around 8&@n. The positions of target and distractor pictures were
balanced. To be specifio, the 120 items, 60 items had the target pictures presented
on the left of the screen, and 60 items had the target pictures on the right.

For each item in the eyacking test, the participants initially saw a fixation dot,
and they saw two pictures artiey sawa written verbwhich describedhe action of
both the two pictures(e.g.,Wash) The pictures were presented at the right centre
andthe left centre of the screer2000ms were allowed for participants to observe the
pictures before the aural stimusustart. After previewing the picturean audio

recorded sentence which matched one of the picturesplayed. Participantaere
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not given any explicit instruction to look at anything in particutile listening(i.e.,

they were left to listen and loo&s they wished, without direction to oriettteir

attention to the picture they were hearing abouthdre were comprehension

guestions after some items. The test proceeded directly to the next item if there was
no comprehension question for the item. Oage-tracking testincluding the timeor
calibration took around 25 minutes.

Design and administration of SPR test

Design of SPR test

The SPR test was an anomaly detection test, and half of the items had an anomaly (a
mismatch) between the meaning ofd@lsentence and the meaning of the picture. For
each item, there was one picture and one sentence, and the sentence might match or
mismatch the pictureThe verb that described the action in the picture was provided
alongside the picturgin writing The réio of the matched items and mismatched items
was 1:10ne picture generated four sentences, and they were randomly distributed in
the four versions of the tests. The participants were asked to view the picture and read
the sentence word by word at theimm pace controlled by pressing a key. They were
instructed(in Englishjo try to understand the meaning difie sentence as fully as
possible instead of reanlg as fast apossible

Critical items

In each version of SPR tests, 40 critical items wWesggned. One picture generated

two SRCs and two ORCs, and one SRC/ORC matched the picture while another one
mismatched the picture. For critical items, the anomaly occurred when the sentence
and the picture described the same actiand yet,the agent andhe patient were
21LI2aA0SP ¢KS GKNBS ¢2MRE ¢ INS NNBKISNRER I |
region 1, 2 and 3f participants were sensitive to the linguistic cue, they were

expected tohave slower RTs when they read the critical regiomsismatched items
compared toreading those regions imatched items.

The examples for critical items are shown in figure(B16re examples see appendix 8,

and the list of critical items see Appendix .13)
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Figure 36 An example ba critical itemin the SPR test

follows

‘v’al%MWI“
532

Sentences for critical itemsne of

1) The tiger thafollowsthe lionis relaxed. (Match) (SR

Critical region: 1 2 3
or 2) The tiger thathe lion followsis relaxed. (Mismatch) (ORG

Critical region: 1 2 3

or 3) The lion thatiollowsthe tigeris yellow. (Mismatch) (SR}

Critical region: 1 2 3
or 4) The lion thathe tiger followsis yellow. (Match) (ORE)
Critical region:1 2 3

Non-critical items

The design of nowritical items for SPRs was similar to that of the-&geking test.

The distractors (k 32) and the fillers (k 48) had the same features as those of the

eyetracking test. SRCs and ORCs were used as distractors as well as critical items.

However, the relatie clauses as distractors mismatched the pictures based on lexical

differences (see figure 3.7, in the picture, the girl draws the picture, but the

mismatched sentence expresses the boy draws the picture).
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Figure 37 An exanple of a distractoin the SPR test

draws

Example distractor sentencesne of
1) The girl that draws the picture is cute. (Match) ($5C
or 2) The picture that the girl draws is colourful. (Match) (@RC
Comprehension question: Does a boy drawpilceure?  Answer: No
or 3) The boy that draws the picture is cute. (Mismatch) (BIRC
Comprehension question: Is there a picture? Answer: Yes
or 4) The picture that the boy draws is colourful. (Mismatch) (@QRC
For the filler items, 4 types of sentences (present simple, present simple +
prepositions, present simple + passive voice and present progressive) used in the
eye-tracking tests were also used in SPR tests. 12 items were created for each type of

sentence the example of fillers see figure 3.8).
Figure 38 An example of a fillein the SPR test

scratches / scratched

Exampldiller sentencesone of
1) The grey cat scratches a nice green sofa. (Match) (Present simple)

or 2) The green sofa is scratched by a cat. (Match) (Passive voice)
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or 3) The brown dog scratches a nice green sofa. (Mismatch) (Present simple)
Comprehension question: Is the sofa green? Answer: Yes

or 4)The green sofa is scratched by a dog. (Mismgteassive voice)

Administration of SPR test

The SPR tests were administrated on a laptop through the software OpenSesame
(Mathét, Schreij & Theeuwes, 2012). For each item, the participants first saw a fixation
dot lasting for 745ms, and thempicture and averbexpressing the action ithe

picture were presented automatically at the centre of the screen. Before showing the
first word, the participants werableto look at the pictue and the verldor 1000ms.
When the last word of a sentence had been rethe, fixation dot for the next item
would show directlyif a comprehension question did not follow that item. For the
items with comprehension questions, the test would proceed to the next item when
the question had been responded to. One SPR test normaaligd for 20 to 25 minutes,
varying by individuafYeading speed

3.4.1.3 Data cleaning and analysis

Data cleaning

After data collection, the data of the eyfeacking and SPR tests were cleaned and
prepared for analysis. The data cleaning processamaductedin Microsoft Excel. First,
the participants who might ndtaveengagel in the test were removed from the
analysis. The CQs after nontical items were used to examine the engagement of the
participants the inclusion thresholds typically set between 70% and 80% (Godfroid,
2019). In the current study, the participants whose correct rates were below 75% were
excluded from the data pool. Second, outliers were removed based on Standard
Deviation (SBhased boundarieandlower and yper time-based cutoff ranges. The
means and SDs by participants and {elsase were calculated. Then, the fixation
durations that exceededr were belowmean + 2.5 SD were removethis will be
explained in detail in the following section.

Cleaning eydracking data

For the eyetracking tests, one native speaker and one L2 learner scored lower than 75%
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for the eyetracking tests they attended tdn addition the CQs data for one L2
f SI NJ S NXQa -teRt Sérd ndisSify. Thi®,&hé whole dsgd fortwo people and
GKS RFEGEF 2F 2y S -tesiSwih gluded frdinSHe arialgsR. LJ2 &

In dealing with outliers, most visualorld eyetracking studies did not report their
standards of defining outliers. Altmann and Kamide (2007) repotiatithey remwed
the fixationsof durations below 100ms. The way of dealing with outliers in the current
study was partially in line with Altmann and Kamide. First, the fixations outside the ROI
were removed. Then, the fixation duratiottsat did not belong to the rang ofthe
mean £ 2.5 SD were removed. The aim of using the upper boundary was to get rid of
the overly long fixations due to simply staring at the screen. In addition, it was noticed
that mean2.5 SDs were usually below zero. However, Inhoff and Radac8)(199
suggested that fixations less than 50ms might notibderpinnedby (or reflective of)
cognitive processes. Thus, B% was set as the lowsime boundary, and the fixation
durations below 50ns were also removed. In total, 6% of data were regarded as
outliers and have been removed from the analysis.
Cleaning SPR data
For the SPR tests, the correct rates of comprehension questions of five participants in
the parsing group (1 out of 27 at the ptest, 1 out of 27 at the préest, 3 out of 27 at
the delayed posttest), ten participants in the input flood group (2 out of 26 at the
pre-test, 4 out of 26 at the pogest, 4 out of 26 at the delayed poesist), six
participants of the tesbnly group (2 out of 26 atach ofthe pre-, post, and delayed
posttest), and one participardf the native group (1 out of 21) were lower than 75%.
Those affected data were removed from the analysis.

In dealing with outliers, Nicklin and Plonsky (20&f)ducteda metaanalysis and
suggested that the lower timbased bondary wasusuallyset around 150ns in
word-level selfpaced reading, and the upper boundary could beateip to 10000ms.
Normally, the cutoff range of the upper bounddrgis beerset between 2000 and
6000ms (Keating & Jegerski, 2015). In the currertystine RTs less than 150ms or
greater than 3000ms and above orbelow 8B 2 F |y AYRAQGARdzZ f Q&
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test phase were removed. 4.91% of the data in total were influenced, and 5.36% of the
words in the critical items were removed.
Data analyss
For the eyeracking tests, the fixation proportions were analysed through visualisation
and inferential statistics. For the SPR tests, the RTs at the first, second, third critical
words and the whole sentence was analysed through descriptive statissag)igation
and inferential statistics.

For both tests, mixe@ffectsregressiormodelswere used to conduct inferential
statistical analysis. TheyereOl NNA SR 2dzi (G KNRdzZAK GKS af YS
Bolker & Walker, 2015) in R (R Core Team@R0#f recent years, this statistical tool has
beenwidely used in second language research, and it was considered to be superior to
the analysis of variance (ANOVA) (Godfroid, 2019). ANOVA analyses the data either by
item or by subject, while mixedffects analyses allow researchers to include all the
variancesdue to individual participants and itemaithin a model (Godfroid, 2019).
Mixed-effects modet analyse dependent variables by fixed effects and random effects
(Linck & Cunnings, 2015). The fixé@e&s are the independent variables controlled by
NEaSINOKSNEZ fA1S GNIYAYAY3I O2yRAGAZ2YAT GfF
G NAFo6fSa GKFEG NBadzZ G FNRBY NIYR2Y &l YLIX A\
individual differencegan beincluded asandom effects (Godfroid, 2019, p. 277). The
fixed effects usually include the interactions between all the controlled independent
variablesandthe random effects include random intercepts and may have random
slopes. A random intercept explains the eagce among subjects or items within one
condition, while a random slope accounts for the variance among subjects or items in
repeated measures (Godfroid, 2019). When an experiment has an entire \gribnp
design, only random intercepts are needed. If éxperiment has betweegroup
variables, the random slopes arecommended tanclude as well as random intercepts
O[AYOl 9 /dzyyAy3Aas HampO® LG A& ¢RNEIIKLIEY S
normally cannot be included as a-bybject random slpe. It is becausene subject

cannot be involved in different groups, so the performance of a subject cannot vary
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among groups (Linck & Cunnings, 2015).

In selecting random effects, Barr, Levy, Scheepers & Tily (2013) suggested that in
testinga confirmairy hypothesisthe maximal random effects structure should be
adopted in order to take every possible variance into account. However, in @actic
maximal ramdom effectsare usualljtoo complex to convergdn this situation the
random effects are suggesl to be trimmed down, startingby removing the
interactionswith random slopes. If the model still fails to converge, some random
slopes could be removed step by step (Godfroid, 2019). In the current study, for the
confirmatory hypothesis, the model stad with the maximal random effects. In order
to avoid overfitting of the model, the model was trimmed down uitdnly included
random intercepts. During this procesise likelihood ratio tests (LRT) (conducted
0KNRdzZZK af YGS&adé kdl200R)addskake mBrindti¢hcrderion | 2 0 K ;
6! L/ 0 0602y RdzO0 SR i KNBvEZBKlle, 020\er® YsedRd-sélette LI (
the best fittingmodel For AIC, the model that haadsmaller AIC was likely to fit the
data better than the one wittalarger AIC (Godfroid, 2019). For LRT, following the
suggestion of Godfroid (2019), the significant lévef .20was adopted. In the
comparison othe two models, ithe p-value was more tharR0, the simpler model
(i.e., the model with fewer random slopewould be adopted; on the contrary, when
the p-value was smaller tha20, the more complex model wakelyto fit the data
better. When the results of AIC and LRT conflicted, the model that was consistent with
the results of effect sizes and descripgtiresults would be adoptedror exploratory
hypothesis testlLinckand Cunningg2015) put forward thathe model could only
includerandomintercepts, unless the random slopes could make the model fit the
datasignificantlybetter thanwithout them. Thus,in the currentstudy, for the
explomatory hypothesis, only the random intercepts were included.

However, in running mixedffects modelsdummy coding method was adopted
and R took the first alphabetical group to compare to as the basdlmscoding
method followed KimSkalickyand Jung(2020) andrhompsonrLee (2021)lt should be

acknowledged thasum coding and Helmecoding methodsvould be moreefficient
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than the dummy codings theywould allow multiple comparisons to be investigated
However,due to capacity of the study, these two coding methods were not adopted in
this thesisln the current study, in order to compare the effects of each pair of the
three groups ¢ as that was of theoretical interest (were there differences between the
two training conditions? Did each of the different trainiognditions differ from the
test-only group?)xthe models hado berun with more than one baseline. In analysing
the difficulty differences of each type of relative claB&€)1) models withthe ORd,
ORCA, and SRCas the baselines were run respectively. For the analysis of teaching
effect (RQ2) the testonly and the input flood group were used as the baseline groups
respectivelyin separate analyses
In addition, to evaluate how much the variandes/e been explained, marginal R
is used to refeto the proportion of variance explained by fixed effects, and conditional
R to referto the proportion of variance explained by fixed and random effects were
provided. Plonsky and Ghanbar (2018) suggesitatithe R)X ®H x| R Aw O2 dzf |
generally regarded as small and large respectively in the per cent of explained variance.
Rol & Ol f Odzf | G SR § KNRPldREK2 Z%a dealmyE0 ®J O+ 38
In reporting the inferential statisticaesults the estimateb with 95% confidence
interval (Cl), standard error (SEyalue andp-value of the fixed effects, as well as
marginal and conditiond® of the model were reported.
Data analysis of eydracking test
In the eyetracking tests, the fixation proportionsdm the onset of the first
critical word were analysed through line plots and inferential statistical analysis. The
L 264 6SNBE ONBIGSR dzaAy3 a33ILX 2GHE LI O I -
ylrteara gk a O2yRdzO0SR ¢ A (dker& tvalkem2015)id O |
R (R Core Team, 2018).
The line chartseach covering 3000n@epicting the fixation proportions of
looking at target and distractor from the onset of the first critical word were created for
each type of relative clauses. Thamixedeffects growth curve analysis was used to

conduct the inferential statistical analysis. This method was designed to analyse the

116



GAYS O02dzNBS RFOGFX FYR AG AyOfdzRSa WiAvYSQ
Magnuson, 2008). Changes over time apt always linear, and they might be
guadratic and cubic. Hence, choosing an appropriate time vector was important in
using growh curve analysis. Barr (200@commended that researched® not go
beyond the thirdorder time term in choosing the time vector.
Becausezach datapoinbf looking ateither thetarget orthe distractor withinone
time binis provided adinary datajt was necessary to collapseveral times bins to a
larger ime bin and calculatthe empirical logpdds before running growth curve
analysis Godfroid, 2019). Following the steps of Barr (2008), five 10ms time bins were
collected into a 50ms time bin. The empirical-tmifds were calculated using the

formula belowvia Microsoft excel

looks + 0.5

elog(looks) = ln(

non-looks + UJD] (Godfroid, 2019, p.299)

In sum, in inferential statistical analysis of the #sacking test, the empirical log
odds of fixation proportion were analysed as a dependent variable.

LY yYyagSNAY3I GKS T A NE lof reldive SlaudeDi& mdjedzS a G A :
difficultineyed N> O1 Ay 3 (SaidQr GKS FAESR STF¥SOiGa 7
relative clause type and time order predictor. The maximal random effects included
by-subject and byitem intercepts and slopes of the in@gtion between type and time
order. The models with maximal random effects were trimmed down step by step until
they only included bysubject and bytem intercepts. The data of native speakers and
L2 learners were analysed separately. During this prot&SE.and AIC were used to
select the besfitting model.

LY IyagSNAYy3I GKS aSO2yR NBaSINODK |jdzSaid
observable in online comprehension measured by-géyd} O1 Ay 3 G(GSad Q> (K
included the interaction betweetest phase, group and time ordeis this study is the
first one (o the best of our knowledge) to investigate the onligects ofparsing

strategiedtraining on the learning of a syntactic structuiide approach was broadly
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exploratory in that we did not have very specific directigmadictionsthat were
informed by previous researchinck and Cunnings (2015) suggested that for the
exploratory research, which had a multitude of fixed effects, it might be unpractical to
include the maximal random effect$hus, they suggested that under this condition,
only the random slope which could significantly improve the model to fit the data is
needed. h the current study, the fixed effects were rather complex (includes the
interaction between group, test phase and time order), and the model with maximal
random effectdailed toconverge. Triming down the model step by stenly include
random intercepts would generate too mapgssible modelg¢could up hundreds of
models) to compre with each other. It was too difficult to decide which random slope
was potentially necessaryhusthe random effects only included subject and

by-item random interceptsln selecting timerder vector, bllowing Andringa and

Curcic (2015), the priary model started with the firsbrder time vector The
secondorder and the third-order time vectors were added step by step. The

bestfitting model was selectedsingLRT and@IC.

Data analysis of SPR tests

In SPR tests, the RTs of the first, sectmdj critical words and the whole sentences
were analysed. Before data analysis, it was found that many RTs of the first word of the
sentences had extremely low (<150ms) or high (>2000ms) values (occupied 20%
total datapoint of the first worgl Two posible reasons might explain it: a) the fixation
dot (lasting for 745 ms) and the picture page (lasting for 2000 ms) were presented
initially, and the sentence would be shown automaticelgme participants
continuously pressed the keyboard during the siaywf the fixation dots, whicleads

to the extremely fast RTsindb) the participants might have noticed that the
occurrence of the fixation dotwould introduce a new sentence. They might prefer to
take a very short break before start reading the nemtence, which leads to

extremely slow RTs. Because the first woréwdrya Sy 4§ Sy OS 41 &4 WiKSQX
RT datdrom this firstword was unlikely to influence the results of the whole sentence

FyFfearad ¢KdzaI weexdulledi d8ysifgAihRBRTS of he NR Wi |

118



whole sentence.

In order to control the differences in word length, the residual RTs were used in
the analysis. The way of calculating the residuals followed Lee, Lu, and Garnsey (2013)
using R studio (R Core Team, 2018). Befomputing the residuals, the cleaned RTs
were logtransformed and multiplied by 100 to avoid extremely small parameter
estimates. Then, the residuals were calculated based on a regression model predicting
the logtransformed RTs from word length basederery word of both the critical and
non-critical sentences per person per test phagke results of the visuals, effect sizes
and inferential statistics were calculated based on the residualH®gever, since the
residual RTs were less intuitive thdretraw RTs, the raw Rdse used to calculate the
means and the SDs for each condition in the descriptive analysis.

For descriptive analgs, the means and SDs of raw RTs for matched and
mismatched items, and themean RTs for the mismatched items that Hsen
subtracted from those of the matched items of each critical words and whole
sentences were provided. Then, line charts were created to depict the residual RT
differences between mismatched and matched items. In addition, wignoup effect
sizes(Cden@d with 95% Clyvere calculated througthed STFSOG aA T Sé¢ LI O
(BenShachar, Ludecke, Makowski, 2020). The benchmarks of reliable sensitivity to
anomaly detection were adopted from Avery and Marsden (2019) (L2 leaxherd9
[.09, .29]; Native speakerd:= .41 [.29, .54]).

For inferential statistical analysis, the residual RTs of the first, second, third and
whole sentence were analysed separately.

C2NJ 6KS FTANRG NBaSI NOK | dzS a rendi#figukin Wo KA O
the{tw (GS5a0Qr SIOK Y2RSt AyOfdzRSR (KS FTAES
of relative clause and whether the sentence matched the picture or not. Holjahe
recommendation of usinthe maximal randorreffects structures, th models with the
by-subject and byitem random slopes of the interaction the type and the match or
mismatch were run initially. The models for native speakers and L2 learners were run

separately and the besfitting model was selected by LRT and AlCstest
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Ay 2YyEAYS O2YLINBKSYyaiazy YSI&dz2NBR o6& {tw i
interaction between the group, test phase, and whether the sentegpicture matches
or not. The random effects only included4sybject and bytem intercepts(same
reason with that of the ey#racking test)

3.4.2 Offline measures

The three offline measures that tapped into offline comprehension, oral production

and metalinguisticknowledge were used in the current study. In this section, the
methodological considerations, test design and the administration, and data analysis of
three offline measures will be discussed.

3.4.2.1 Methodological considerations

Offline comprehension: Aral sentencepicture matching test

Sentencepicture matching teshas beerused in previous studies, and sometimes it is

also called picture selection test (Friedmann, Belletti, & Rizzi, 2009; Friedmann &
Novogrodsky, 2004; Frizelle, Thompson, Duighop, 2019; Izumi, 2003; O'Grady,

[ SSZ 9 [/ K223 wnnoT {Fyl I 3 -ai@ueHratyhing K2 NIi =
tests, participants are provided with a sentence (usually provided as aural input), and
then they will be asked to choose the matchedtpre from a set of pictures. In some

of the studies, two reversible pictures which contain the same two figures performing

the same action are presented as visual stimuli. The only difference between the two
pictures is the elements (e.g. people, anim#iggs) in pictures playing reversed roles

in the action (Friedmann, Belletti, & Rizzi, 2009; Friedmann & Novogrodsky, 2004; Sanz,
3 az2NHIYN{K2NISZ HnnnoOd C2NJ SEIYLX S Ay CI
item, participants saw a pair of picturésee figure3.9) and heard a sentence in

| SONB S o K2aS TMSdthe yrgndmotheér hat the girl is kissing 6 LIJPc T n 0 d
The participants could only correctly choose the matched picture when they

understood the meaning of the syntax. It was becausepithe roles of nouns were
different, the other elements were exactly the same in the two pictures. Thus, the

sentencepicture matching test can be regarded as an effective method in measuring
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study.

Figure 39 A picture pair used in Friedmann & Novogrodsky, 2004

Friedmann & Novogrodsky, 2004 (p.671)
Oral production: Sentence description test
In previous studies, a wide range of techniquesltean used to elicithe production
of relative clauses. Gass (1982), Doughty (1991), and Izumi (2003) conducted written
sentence combination tests with L2 learners to measure their production competence.
In the three studies, participants were requireddombine two simple sentences into
a complex sentence containing a relative clause. In order to prompt participants to
produce relative clauses instead of coordinate sentences or other type of sentences,
the participants were instructed not to use any cdmating conjoiners likand, but,
becauseand so on (Izumi, 2003). However, although, to some extent, this type of test
can successfully elicit relative clauses production, the way of eliciting tends to be less
natural compared to presenting participargsenarios to describe.

In recent studies, pictures or videos are used in relative clauses production tests
(Friedmann, Belletti & Rizzi, 2009; Gennari, Mirkovic, & MacDonald, 2012; Kim &
hQDNJ Re&3 H A wmc Harbbdrje? ahdQrain ¥82)desariioed the method of
designing the production tests. To elicit relative clauses, two identical animals which
had unique features were used, and the participants were asked to describe one of
them. As simple sentences could not fully express the feaifitee animal, relative
clauses were likely to be produced. Following this idea, Gennari, Mirkovic & MacDonald

(2012) conducted scene depicting tests to elicit relative clauses production. In each
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scene of the test, there were two people who performed #zane action. One actor

did the action to another person, while the other actor did it to an object. Meanwhile,
additional people and objects which served as distractors were also contained in the
scene. Each person or the object in the scene had a uriegiere, and the

participants were required to answer a question about the agent or the patient of an
action. For example, in figure 3.10, there is a red bag and a blue bag, and the question
isWhich bag is re®lThis prompted the production of relative dises because the
participants needed to specify the information about the object by referring to the
actionthat it received. This design has effectively elicited relative clauses in both active
and passive voices. However, in the current study, the aisitwarain and measure

LI NOAOALI yiaQ LINRPRdzOGAZ2Yy 2F adzaeSOd | yR
necessary to elicit object relative clauses rather than the passive subject relative
clauses.

Figure 310 An exanple picture stimuluvy Gennari et al., 2012

Gennari et al., 2012 (p.147)

To prompt the participants to produce ORCs, some salient cues could be provided.
YAY YR hQDN}R& oHnamcO FGOGSYLWGSR (G2 St A0
with pictures. In their study, participants listened to the descriptions of the pictures in
simple sentences with active voice before they were asked to describe one of the
elements in the pictures. The resuitsowedthat more than 70% of adults produced
direct objed¢ and oblique relative clauses as expectede $tudyindicated that
although the preprovided simple sentences could not completely prevent participants

from producing some passive subject relative clauses, this technique might be
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beneficial for elicitingDRCsThereforethis techniquewas adapted for use in the
current study in picture description tasks.

In the current study, each item in the oral production test involved two pictures
depicting the same action. The participants were asked to desciiberehe agent or
the patient of one of the pictures based tme given information. The details of the
test are described in section 3.4.2.2.

Metalinguistic knowledge test

Metalinguistic knowledge testypicallycontained three sectiond,) grammatical
judgments of sentence®) error identifications and corrections, ar8) explanations
about the violated grammar rule®énou, 2000Roehr, 2006, 2008). Roehr (2008)
conducted a metalinguisticnowledgetest with L1 English L2 German speaker§he
metalinguistic knowledge tesheasurel L2 learne@bility in language correction,
description ancexplanation The test involved 12 sentences ahdee short passages.
For the sentences, each of them contained a highlighted error that needed to be
corrected, described and explained. The three short passages were written in an
inappropriate manner, and the participants were required to describe and explain why
they were inappropriate.

The metalinguistic knowledge test in the current study wdsrmed byRoehr
(2008).However, lecause the current study focused on ttiéference of the
grammatical raés of two nouns in SRCs and OR®@&shot feasible to measure
learnergknowledge dthis difference by including grammaticairorsin the target
structuresq that is, an®rrorQn the target feature (e.g., replacing a noun by a verb,
after ¥hatQ could render a&orrectsentence (i.e., change an ORC to an SR&€icea
sentencepicture anomaly detection testasused in the study. For each item in the
test, onepictureand one sentence were involvethe sentences used in the
metalinguistic knowledge test were glitammaticallycorrect but half mismatched the
picture. Participantsvererequired to decide whethethe sentence matchethe
picture or not. For mismatched items, participants nestto explain why it

mismatched and corre¢he sentence to match the pictutgy movingoneword in the
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sentence as described isection 3.4.2.2
3.4.2.2 Design of the test
Offline comprehension: Aural sentenepicture matching test
Aural sentencdJA O dzNBE Y GOKAy 3 (Sad o6l a dzaSR (2
comprehension of the target formin total, there were24 sets of itemsFor each set
of items,four sentences includgtwo SRCs and two ORCs (the animacy of the head
nouns could be both animate or both inanimate; or one animate and one inanimate)
were created based on one picture (see figure 3.Thg four sentences were intended
to be randomlydistributedin the four versions of test, and leaded to each version of
testsincludesix SR@, six SRE six OR@, and six ORICAmong the test items, 12 of
them were exclusively created for offline comprehension test, and 12 vedwn from
eyetracking testsThe adoption of items from the eyteacking test aimed to compare
the score differences between the existing and the new created items (though this
analysis was not done because the limitation of the capadity®.numbers of newly
created items and existg items were balanced across the four types of relative clauses.
In addition,the offline comprehension test did ndiavefillers, considering abaithe
time and energy of the participants. As noted at theginningof section 3.4, the
whole study had fig measures. The two online measures took the participarasind
40 to 50 minutes to finiskso the offline and production measures did mo¢olve
fillers to avoid fatigue.

However, it should be acknowledged that in th@ministrationof the test, due to
the researche® mistake, the number of items for each type of relative clause was not
equalin version 1, 2, 3, and. #Vithin one version of the four versions of the test, the
number of each type of relative clauses could be 4 or 8, and the total nuofliEems
was 24. The versiongere counterbalancedicross pre post, and delayed podtest
within groups.

For each item of the test, participants first saw a fixation dot lasting for 745ms.
Then they saw a set of two reversible pictures and Qe@araudiorecorded sentence

(see figure 3.11)The aural stimuli and the pictures were played simultaneously. The
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participants were asked to choose which picture matched the sentence by pressing the
keys on the keyboard as soon as possilflete examplesee Apendix 9, and the list

of all the items see Appendix 14.

Figure 311 An example itemof offline comprehensiorest

Participants would hear one of the stimuli (depending on the version of the test):
1) The man thafteeds the woman has grey hair. (left) (SRC

or 2) The man that the woman feeds has grey hair. (right) (@RC

or 3) The woman that feeds the man has grey hair. (right) {§RC

or 4) The woman that the man feeds has grey hair. (left) (ARC

Oral producton: Picturedescription test
The sentence description test was used to measure leabessproduction Each
version of the test included 20 test itenis. this test, eaclthree pictures was used to
createfour sentencesdach pair of pictures generatevo SRCs or two ORCs, and the
head none coul@ither be animate oiinanimate see figure 3.12)he four sentences
were assigned into théour versions of test. Each version of the test was intended to
have five items for eactype of the target structure§SREA, SR, OREA and ORQ).
However, in the administratiorgachversion ofthe testincluded four SR&\ and six
SRd or six SRA and four SR versions wereounterbalancedicross pre post,
and delayed postest, within groupsNo filler wasnvolved in this test (same reason as
that of the offline comprehension).

For each item, the participants saw two pictures described an action. As shown in

figure 3.12, each pair of pictures had two similar elements Wexe different by one
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specific featurge.g, a brown door and a blue dopand two totally differenelements
(e.g.a boy and a gi}l The similar elements in the two pictures coalther be the

agent or the patient of the action. While looking at the pictures, the partidpaeard

and saw two simple sentences in active voice describing the two pictures respectively.
Then, a question about the feature of one of the similar elements was provided aurally
and visually, and the participants were guided to start the sentencetivitlgiven

words. They were also informed that the conjunctions and conjunctive adverbs like
HndQButQBecaus§€¥WhenQvere not allowed to use, and they were not allowed to
describe the position of the element (ethe door on the left/second pictel.

More examples see Appendix 10, and the full list of items see Appendix 15.

Figure 312 Example itens for oral production test

Aural and visual stimuli:

In the first picture, the boy opens the door. The door is brown. In the second picture,
the girl opens the door, the door is blue.

1) Question: Which door is blue?

Start with: The dooX

Expected answer: The door that the girl opens is blue. {pRC

Or

2) Question: Which door is brown?

Start with: The doox

Expected answer: The door that the boy opens is brown. {pRC
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Aural and visual stimuli:

In the first picturethe girl has short hair. The girl opens the door. In the second picture,
the girl hadong hair. The girl opens the window.

3) Question: Whiclgirl has short hair?

Start with: ThegirlX

Expected answer: The girl that opens the door has short hairASRC

Or

4) Question: Which girl has long hair?

Start with: The giX

Expected answer: Thggrl that opens the window has long hair (SRC

Metalinguistic knowledge test

Each version of the metalinguistic knowledge test included 16 items in Ez#ah
picture generated four sentences (two SRCs and two QR€kead noun could be
two animate rouns, two inanimate nouns, or one animate noun and one inanimate
noun; one of the SRCs and ORCs matched the picture, and another one mismatched
see figure 3.1B The sentences were distributed in the four versions of tests. Within
one version of the teseach type of relative clauses had four items; half of the
sentences matched (k = 2) the picture and hamatchedk = 2) Eight of the 16
itemswere adopted from the SPR test, and eight were newly createdn&Wweand
adopted items numbex were balance across the relative clause type and
match/mismatch No filler item was involved in the test.

For each item, participants saw one picture and one sentence. Participants were
required to decide whether the sentence matched the picture or not. For misradtch
items,the participants were asked to correct the sentence by moving only one word
and explain theeasonwhy there was a mismatch as fully as possible (see figure 3.13).

More examples see Appendix 11, and the full list of test items see Appendix 16.
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Figure 312 An example item forthe metalinguisticknowledgetest

The woman that the man calls has long EIREA)
Matchfy  MismatchG

Or

The man that the woman calls has short hgREA)
Or

The woman that calls thean has long hai(SREA)
Or

The man that calls the woman has short EBIREA)

3.4.2.3 Administration of the test
The offline comprehension and oral production tests wesbwred through the
software OpenSesame (Mathét et al., 2012), and all the items were displayed randomly.
The metalinguistic knowledge test was pajaerd-pen-based, and the items were
presented in a fixed order. All three offline tests were untimed, aogractice items
were providedbeforethe tests.

For the offline comprehension test, the test would not proceed to the next item
until the response had been made. order to encourage the participants to try their
best to concentrate on the test, the pasipants were informed that they would be
provided with the overall accurasgoresat the end of the test. The whole test lasted
for approximately 5 minutes.

For the oral production test, the participants were asked to speak out the answers
aloudinto amicrophone, and the responses were recorded using the software
Audacity (Audacity Team, 2018). After finishing one item, a key pressing was needed in

order to proceed to the next item. If the participants made more than one response for
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an item, only thdast one would be transcribed and analysed. The test lasted for about
8 minutes.

For the metalinguistic knowledge test, multiple tasks were involved within one
item. In case of the participants forgetting the test requirengihe instructiors
printed on a separate page was provided during the test. The duration of the test
varied among participants ovenede range (2 to 45 minutes). Most of them finished
the testin around 10 to 15 minutes, but some participants who knew the grammar
rules vey well orclearlydid not haveanyexplicitknowledge about the target
structures finished the tests very fast (within 5 minutes). Meanwhile, some participants
who could notcorrect the sentence initially were willing to spend time addressing the
problems They could take up to 45 minutes to complete thetalinguisticknowledge
test.

3.4.24 Data scoring and coding

Data Scoring

For the offline comprehension and the oral production tests, each correct response
was rewarded one point, and incorrect respessvere scored zero.

For the metalinguistic knowledge test, one point was awarded for correctly
choosing match or mismatch, one point for correctly making the sentence match the
picture, and one point for clearly explaining the reasontifier mismatch Fo matched
items, only the first task, deciding matchmrsmatch was analysed. For mismatched
items, the three tasks were analysed separately.

Data coding

The oral production and the metalinguistic knowledge tests involved qualitative data
thus, the dataneeded to be code before scoring.

Oral production tests

Defining'¥orrectnes®

A correct answer includk the first noun the second noun and the verb in the correct
order, and a relative pronourk&rors involvingpronunciation articles,and verb

inflections for tense and aspewtere ignored during the scorinfpr all relative clause
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types.

For ORCsesponses could omthe relative pronour? i K 6§ Q YR &G Af ¢
correct €.g.,The woman the boy helgsas blond hairis an adequatanswer and a
correctrelative clause)ln contrast, folSRG& =¥ O2 NNB OiU NBalLkkyasSa | f
the relative pronoun is obligatoriReduced BCgwithout a relative pronoun an8g
wereregarded as corredf the order of the noun phrases and thverb werethe same
as the relative clausesould have been had a relatiygonounand BE been included
(e.g., The box keeping the orange is bravwowever, when the targesttructures were
ORCsproductions of passiveR&sand reduced passive SR@ze regarded as
incorrect. For both SRCs and OR@swars that did not provide the full verbal
complement were counted as correas long as they included correct relative clauses
(e.g. The man that lifts the boy [has blond haiflpe codes for incorrect rpenses are

shown in table 3.2.

Table 32 Codes for incorrect responses

Codes Examplesrom the dataset

No relative clauses The table is brown with a girl hided in it.
Omission of the relative pronoun in SRC The televisiorpresents the man is yellow.
Passive SRCs The man that is carried by the b@dh wears green-hirt.

Non-adjacency The door is brown opened by the boy.

Excluded data

In addition, theirrelevantresponses werexcludel from the analysis. Fogxample in

the item, in the first picture, the rabbit is grey, the snake licks the rabbit. In the second

picture, the rabbit is white, the dog licks the rabbit. Which rabbit is grég?expected

response wad he rabbit that the snake licks is gre\pweverif the response from the

participantwas The snake that licks the rabbit is gre&mce thespecific questionvas

not answeredthe question was about the rabbit, not the snakelich responses were

taken out from the data pogleven though they did producerelative clause. That is, it

gl a y24d NBIFNRSR a WAYO2NNBOU GROQrahed Ay RS
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than the expectedRC This decision was taken becauseas unknowrnwhether they
could notproduce the targeORC or whether they just isunderstood the purpose of
the question This way, these items did not serve as a denominator in the proportion of
correct answers given.

Metalinguistic knowledge test

Defininggrovidingdf metalinguisticknowledge

Forthe reason explanation task, theath were coded as providing and rproviding

of metalinguistidkknowledge The responses that included syntax related keywords like
subject, object, word order, agent, patieot,expressed the same meaningsq., the
woman is the one who acte)ere regarded as providing metalinguistimowledge
Grammatical errors were ignored, as long as éxplanationsvere understandable

(e.g., The boy is the one who do the action of finding thg ginle semantic

explanations that described the picture.q§. because the boat is chasing ghop simply
repeated the target sentences.g., The shirt that the woman wets is blueere

deemed nonrproviding of metalinguistic knowleddeecausesuch explanations could

not show evidence of knowing the target struogs. In addition, no explanation was
regarded as noiproviding.

Excluded data

For sentence correctiorsuccessfullynaking the sentence match the picture by moving
one word was awarded one point. No answer or the sentence still misingttire

picture ater moving the word was given 0. However, some responses containing the
exchang of the two words were taken out from the data pool. For instance (see figure
3.14), in the picture, the man is calling the woman, but the sentence means that the
woman is calhg the man. Thearticipantswere expected to moveallsafter the man

to make the sentence match the picture. Answers that swapped artumavoman
andthe mansometimesoccurred Such responses could not be counted as either
correct or incorrecbecauseat was unknown whether theccurrenceof the responses
was due to the lack of knowledge or simglye toforgettingor not followingthe task

requirement.
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Figure 313 An example sentence of metalinguistic knowledge test

Sentence: The woman that calls the man has long hair.

3.4.2.5 Data analysis
The datafrom offline measures were analysed in four steps. First, descriptive analysis
including the means and SDs of each grimugach conditionwas conducted. Second,
violin plots with included box plots were used to visualise the distribution of data.

Third, effect sizes (Coh@ma with 95% CI) that measured the mean differences
were calculated. For the first research question (which type of relative clausere
difficult), within-group effect sizes reflecting the differences between each pair of
relative clauses were calculated with the group of native speakers and the group of L2
learnersseparately For the second research question (the extent to which the training
effects are observable), withigroup effect sizes, reflecting changes over time {pre
post, and delayed pogest) and betweergroup effect sizes, reflecting differences
between groups within a test phase were calculatedaddition, for betweengroup
effed sizes, the adjusted effect sizesferring to thechangef effect sizes from pre
to post, delayedpost-test were providedi.e., accounting for any baseline differences
betweengroups. This method was in line with McManus and Marsden (2017). The
benchmarks of Coheé®d used for interpreting the results followed the suggestion of
Plonsky and Oswald (2014): witkgnoupd = .60 (small), 1.00 (mediund),40(large);
betweengroupd = .40 (small), .70 (medium), 1.00 (large).

Last, logistic regressionadels run via théime4 packagé(Bateset al.,2015
were used to conduct inferential statistical analy3ise bgistic regression model is
defined as a type of a generalised linear mibedi@cts model, which is used for binary

data (Linck & Cunnings, 28). Unlike normal linear mixeeffects models that treat the
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data as continuous variables, logistic regression estimates the effects based on
log-odds (Linck & Cunnings, 2015). In the current study, the scores of each measure
were used as the dependentnable.

In analysing the first research question (which type of relative cleuswre
difficult), the fixed effects only included the typerefativeclause. The primary
randomeffects included the bygubject and bytem random intercepts, while the
maximalrandomeffects included the bygubject and byitem random intercepts and
random slopes of the relative type.

For the second research question (the extent to which the tragreffects are
observable), the interaction between group and test phase was used as fixed effects.
The maximal random effects includbgsubject random effects with the intercepts
and the slope of test phase, and-ltgm random effects with intercepts anthe slope
of the interaction between test phase and group; the primary random effects
containedthe by-subject and byitem random intercepts.

For both research questions, the model with maximal random effects was run
initially, and then the model wasimmed down step by step to the primary model. The
bestfitting model was selected by LRT and AIC. The estimatth 95% CI, SEvalue,
p-value and odds ratio about the estimatevith 95% CI of the fixed effects, marginal
and condition Rof the seleced model were reported.
3.4.2.6Instrument Reliability
KuderRichardson 20 (KRD) is a type of N2 y 0 I O KinRigh is-désigifed to test
instrumentreliability for binary dataRaykov & Marcoulidef019). In the current
study, the internateliability of the offline measures was tested by-B® For each
measure, the reliability for theative speakerand L2 learners were tested separately.
In addition, for L2earners, the reliability of the prepost and delayed postest were
calculatedseparatey (see table 3.3).

In terms of interpreting the instrument reliabilitillonsky and Derrick (2016)
found that inpublishedL?2 research, the median ofstrumentreliability of L2 learners

was .81, and that of native speakers was I&%he current study, table 3.8uggested
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that only the oral production test anthe reason explanation task of thraetalinguistic
knowledgetest reached this mediaacross the timdor both L2 learners and native
speakers. However, they also admitted thiatwas possible that the reliability reported
in the published studies might be higher than stadies that was not be reported, as
the unreported reliability might because they were calculated but too low (Plonsky &
Derrick, 2016). In additioBrown @014)suggestedhe benchmark®f reliability in L2
research.00-.30 = virtually none; .3150 = slight; .5170 = fair; .7189 =

moderate; .961.00 = substantial.

For L2 learnersaccording to the benchmarks of Brown (201thg oral production
testhad moderate (i.e., the preest) to substantial reliability (i.e., the pesind the
delayed postest). The reliability of the offline comprehension test could be regarded
as slight (i.e., the preand the delayed posgtest) to fair (i.e., the postest). For the
metalinguisticknowledge test, at the préest, the reliability was slight (i.e., deciding
match ormismatch, fair (i.e., sentence correction tas&) moderate (i.e., reason
explanation task)and reachedhe benchmark omoderate at the postand delayed
posttest. The rather low reliability of theffline comprehension and the metalinguistic
knowledgetestsmight becausehe participantshad ceiling or ceiling scores for SRCs
but had comparatively lowercerefor ORC¢relative to SRCs), whitdads to the
inconsistency of the items.

For native speakers, the oral production test and the reason explanation task of
the metalinguisticknowledgetest could be considered as moderate, and the offline
comprehension test had the slight reliability.dddition, t could be noticed that the
alpha value fonative speakersn metalinguistidknowledge(deciding match or
mismatch task and sentence correction task) was negatheodcurrenceof the
abnormal values might because 1) th&tive speakerscoral at or near ceiling for
deciding math or mismatch task; 2) in sentence correction task, some responses were
regarded asnvalidand were removed from the data pool (criterion see 3.4.2.4), which
might lead to the data points of theative speakerbeingtoo few. These factors might

negatively influence the KBO results of the measure.
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Table 33 KR20 for the offline comprehension, the oral production and the
metalinguistic knowledge test

Measures NSs L2 learners

pre- post delayed
offline comprehension 48 50 .67 41
oral production .87 .81 .90 .92

metalinguistic knowledge test (deciding match ¢ -1.26 .38 .71 73
mismatch)

metalinguisticknowledge test (sentence correction -21.00 .67 .78 74
metalinguisticknowledge test (reasoexplanatior) .81 .89 .85 .83

Note: NSs = native speakers

3.5 The design of the training sessions

The parsing and the input flood grovgceivel two training sessions delivered

one-to-one via OpenSesambléthot, et al., 2012petweenthe pre- and posttest. Two
versions of training materials were designed. Half of the participants used version 1 for
the first session and used version 2 for the second session, while half of the
participants did the two versions in the oppositaler.

The sessions for the parsing group inclutéethg provided withexplicit
information (EI) about the target forms and two listening and two reading activities to
train the participants how to use the linguistic cues (i.e. grammaticalasdegnmenk
to parse the relative clauses. Each training session for the parsing group lasted for
approximately35 minutes.

The input flood group proceeded to the training activities without receiving any El,
and the activities did not call attentiaio the linguistc cues. Each input floddaining
session lasted around 30 minutes.

3.5.1 The parsing strategies training

Elfor the parsing group

The EI about relative clauses was delivered atdginningof each training session.
First, the function othe relative clause (i.e. Relative clauses give extra information
about nouns) was introduced. The participants wallewedto read this information
for at least 4000ms, and after thahe training wouldautomatically proceed to the
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next step Then, the paitipants saw two exampled SRC and ORC respectively. In
each example, a picture, a relative clause and explanations of the relative clause were
involved. The participants first saw a picture that contained two elements performing
an action, and they werguided to pres$8PACE BAR see the relative clause and the
explanations. The relative clause was shown word by word at aquateolledby
participantgkey pressing. After each word, an explanation about the function of the
word in the sentence washown in red. When the syntactic chad been explained,

'y Ay (SN} OcanydSpreljictaBraticdmes/neéas presented in green.

The participants did not need to answer the question aloud or type into the answer,
and the purpose of providing thateractive question was to encourage the
participants to actively think of the cue. After the full relative clause being provided,
the answerto the interactive question was provided. Then, the rest of the sentences
showed together, and the explanatiothaut the meaning of the sentence would be

shown (see figure 3.15).
Figure 314 An example of El for parsing strategy group

Subject relative clause

The

The woman
Ws2YEYQ A& | y2dzy o
The woman that
2 KSy @2dz as$s Saftaya mouniiyou kaow bielatidefciause is coming.

The woman that washes
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Wgl aKSaQ Aa || OSSN 2KSy @2dz aSS GKS @SN
WiKS 62YIyQ R2Sa (GKS OlA2y®
Can you predict what comes next?
The woman that washes the
The woman that washes the dog
LG Aa WGKS R23IQH 5AR &2dz LINBRAO
b2g @2dz 1y26 (GKS FOlA2y Aa WIiKS g2
The woman that washes the dog has blond hair.
b2gs @2dz (Y262 WiKS ¢62YIy ¢l akKSa (GKS Rz
Training activitiesfor the parsing group
After El, two reading activitieendtwo listening activities were delivered. All four
activities involved sentenepicture matching. Each picture used in the activities
depicting an action, and the agent and the pati were reversible. Two SRCs and two
ORCs were created based on a pair of reversible pictures. In order to force the learners
to use the syntactic cues to parse the sentence, the stimeite notpresented in
completesentences. The words after the syntiaccues were omittedd.g.,for SRCs:
The cat that chase§ of for ORCsThe cat that the do¥), and theparticipantswere
requiredto decide sentencgicture matching based on sentence segments.
Each activity contained 24 trainirigins (6SREA, 6 SRC 6 OR\, 6 OR4) and
four practice items (one item for each type of relative clause). The practice items were
shown in sequencgeandthe training items were displayed randomly. After each item,
the participants receivefeedback informinghem whether they had correctly
respondedto the question. Acongratulatiors pagewaspresented for 1000ns after
each correct response, and then the activity procegtb the next item. For incorrect
responses, the participantsere provided with corredive feedback which included the
complete sentence and the explanation about how to use the syntactic cue to parse
the sentence. For the four practice items, the feedback emphasising the syntactic cue
was provided for both correct anidcorrectresponses, ad the correct responses

would also receive theongratulationpage. In the reading activities, the participants
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needed to press a key after reading the corrective feedback to proceed to the next item,
while in the listening activities, thactivitieswould automatically start the next item
after the end of the corrective feedback.
The design of the four activities will be illustrated below.
Training activity 1 & 2: Decide whickentencesegment matches the picture
In training activity 1 and 2, the participants were shown one picture and two sentence
segments. The sentence segments and the correé@dbackwere provided visually
in activity 1, while in activity 2, the stimuli were played aurally.

For each item,He participants first saw a picture and a verb which described the
action of the picture. 1000ms later, the sentence segments were displayed visually or
aurally. The participants were required to decide which sentence segments matched
the picture by pressig the LEFT or RIGHT key on the keyboard. The feedback was
provided after each item. It was noticed that, in the listening activity, the participants
were able to make the decision after hearing the first sentence segments. However, in
order to ensure ever participant could receive exactly the same amount of input, the
participants were not allowed to respond to the question before both ofgaetence
segments stimuli being displayed. The examples of SRC and ORC items are shown in

figure 3.16(more exampds see Appendix)3

Figure 315 Example items fothe parsing strategiesaining activity 1 & 2

Example item (SRC):

carries

left: The doghat carriexX right: The dog that the bag
Matched sentence segmenthedog that carrieX (left)
Feedback for correct response:

CongratulationsYou are right!
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Feedback for incorrect response:

Full sentence: The dog that carries the bag is brown.

When you see "carries" straight after "that", you know "the dog" does the acton
can predict the action is "the dog carries the bag".

Example item (ORC):

carries

left: The dog that carries right: The dog that the bag
Matched sentencesegment:The dog that the bag (right)
Feedback for correct response:
CongratulationsYou are right!
Feedback for incorrect response:
Full sentence: The dog that the bag carries is brown.
When you see "the bag" straight after "that", you know "the bag" does the action. You

can predict the action is "the bag carries the dog".

Training actvity 3 & 4: Decide which picture matches the sentence segments
Activity 3 and 4 werélesignedn the same pattern with activity 3 based on reading
andactivity 4 based on listening.

For each item of the activities, two reversible pictures and the vedied to the
pictures were presented initially. The participants were allowed to observe the pictures
and the verb for 2000ms hén, they saw or heard a sentence segment describing one
of the pictures, and they needed to decide whmhture matched the satence
segments by pressing the LEFT or the RIGHT key. After each response, the feedback

would be given. The examples of SRC and ORC items are shown in fig@meo8e17
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examples see Appendiy.4
Figure 316 Example items fothe parsing strategieBaining activity3 & 4

Example item (SRC):

d

i

greets

The girl that greets
Matched picture left
Feedback for correct response:
CongratulationsYou are right!
Feedback for incorrect response:
Full sentence: The girl thgteets the boy wears a dress.
When you see "greets” straight after "that", you know "the girl" does the action. You
can predict the action is "the girl greets the boy".

Example item (ORC):

The girl that the box

Matched picture right

Feedback fo correct response:
CongratulationsYou are right!
Feedback for incorrect response:

Full sentence: The girl that the boy greets wears a dress.
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When you see "the boy" straight after "that", you know "the boy" does the action. You
can predict the action i&he boy greets the girl".
3.5.2 Theinput flood training
The input flood group took part in the four training activitiesthout beingprovided
with El. They received the samamberof training items with the parsingroup, but
the attentionrequiredthemto respond to the items was focused on the meaning of
the nouns instead of having to understand the synietxere were two major
differences between the input flood training activities and parsing stratdg@sing
activities. First, the stimuli werpresented in complete sentences in the input flood
training, while the parsing strategies training utilised sentence segments. Second, the
pictures used in the input flood training were nogversible, and the sentences
mismatchedhe picturesdue to diferences in the nouns

The feedback was provided for each item, and a congratulspage lasting
1000mswasshown for a correct response. The correctigedbackfor incorrect
responses emphasised the noun differences between sentence and picture. The
activities proceeddto the nextitem after the congratulation page or after the
key-pressing for corrective feedback. All the feedback was shown visually for both
reading and liening activities.
Training activity 1 & 2: Decide whicdentencematches the picture
Training activity 1 and 2 were designed in the same patisreach otherwhich asked
the participants tochoose the sentence that matched the picture from two complete
sentences. The sentences in activity 1 were provided visually, while those in activity 2
were displayed aurally. The pictures used in the two activities were the same as the
ones used in the paing strategies training activity 1 and 2.

For each item of the activities, participants first saw a pictarel 1000ms later,
they would see or hear two sentences. The sentences were in the same syntactic
structure, which means that both sentences w&RBCs or ORCs. The first nouns or the
second nouns of the two sentences were different (the items vibedanced. The

participants were asked to decide which sentence matched the picture and then saw
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the feedback. The examples of items are shown in figui®(more examples see

Appendix 3.
Figure 317 Example items fothe input floodtraining activityl & 2

Example item (SRC):

left: The man that follows the dog wears a hat. (matched)
right: The man that follows the catears a hat. (mismatched)
Matched sentenceleft
Feedback for correct response:
CongratulationsYou are right!
Feedback for incorrect respons@&lo! There is no cat in the picture!

Example item (ORC):

&
\\‘='-‘
# \A,\~
left: The dog that the man follows is brown. (magch)
right: The dog that the woman follows is brown. (mismatched)

Matched sentenceleft

Feedback for correct response:

CongratulationsYou are right!

Feedback for incorrect responsén the picture, there is a man. Silve mare follows

the dog.
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Trainingactivity 3 & 4: Decide which picture matches the sentence
Activity 3 (based on reading) and 4 (based on listening) required participants to choose
the matchng picture from two options for a sentence. In these two activities, the
sentences were the same #te ones irthe parsing strategy group. In a pair of pictures,
one is adopted from thactivitiesused inthe parsing strategy group, and another one
depicting the same actiobut with a different agent or patientg(.g, one picture
depicted a dog chasirgcat, and one picture showed a dog chasing a rabbit

For each #m in activity 3 and 4, beforthe sentencavas shown or heardhe
participants were allowed to observe the two pictures for 2000ms. The participants
were required to decide which pictureatchedthe sentence. Feedback was provided
after each responsélhe examples of items are shown in figure Jrh@re examples
see Appendix 6)

Figure 318 Example items fothe input floodtraining activity3 & 4

Example item (SRC):

The boy that carries the bike is strong.

Matched picture left

Feedback for correct response:

CongratulationsYou are right!

Feedback for incorrect respons@lo! There is no girl in the sentence!

Example item (ORC):

The bike that the boy carries is blue.
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Matched picture left
Feedback for correct response:
CongratulationsYou are right!

Feedback for incorreatesponse No! There is no girl in the sentence!

3.6 The pilot study

There were two purposes of carrying out the pilot study. The first one was to check
whether the equipment and theoftwarecould worksmoothly The second one was to
find out whether thematerials were feasible and detect any problewith the
materials.

The pilot study was conducted with three Chinsgpeaking L2 learners of English
and four native English speakers. Each native speaker piloted one version of the
outcome measures, and the L2 learners piloted the measwyestendingpre- and
posttest. The two versionsof parsing strategies training materials were piloted by two
learners, while oné.2 learnepiloted the two versions of input flood training materials.
After the pilot study, several amendments had been made.

First, in the pilot study, theyetracking and the SPR tests had 160 items (40
critical items and 120 noaritical items) in total, and each test took around 30 minutes.
It was found that the participants would get fatighiafter 20 minutes. Thus, the
non-criticalitemsin each of thewo measuresverereduced to 80 items, which was in
line with the recommendation that the nearitical items should constitute 50% to 75%
of the total items in online measures (Keating & Jegerski, 2015).

Second, in the seffaced reading tests, for eadein, the participants first saw a
picture and then read the sentence controlledthgir own pace. By analysing the pilot
dataof native speakers, it was found that they didt slow down when thgread the
mismatched items during the critical regiotiswas realised that we possible reason
might be that more than one verb could be used to describe the action of thergjctu
and if they had expected one verb to be usetithen another was used, that might
be a source of cognitive load for the@uring rexding the sentences, thearticipants

might expect the following information could make the sentence match the picture. In
144



order to reduce theeffects of such a confound we reduced tihfuenceof the
uncertainty of the verb# the main studypy presentng the verbused in the relative
clause alongside the pictuteeforethe occurrenceof the sentence.
Third, in piloting the metalinguistic knowledge test, the pictures were printed in
black and white. However, some sentences of the test included the ssipre of
colour €.9.,The basket that the dog carries is brgw#me participants wrote that
the sentence mismatched the picture because the basket in the picture was not brown.
Thus, to avoid such misunderstandings, the pictures were printed in colde imain
study. In addition, for mismatched items, the participants were instructed to move one
word to makethe sentence match th@icture. However, many of them tended to swap
around the two nouns of the sentence. In the main stugquirementwas added to
the instruction to explain that exchangitige position oftwo nouns was not allowed.
Fourth, some problems like spelling mistakes, incorrect size of few pictures, few
inappropriate expressiong(g.,the soup is swe€has been changed the soup is

hotQwere solved
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Chapter 4 Results

In this chapter,the resultsin relationto the first research question will be presented in

Section 4.1and Section 4.2 will show thesultsfor the second research question.

4.1 Which type of relatie clause (SRC vs. ORC) is more difficuiinline,
offline comprehension production, metalinguistic knowledgeand the

role of animacyof main clause noufd

This sectiomwill analyse thepre-test performanceof L2 leaners ancthe data ofNative
EnglishspeakergNSspn each outcome measur€or offline comprehensior§PRoral
production and metalinguistic knowledge testhe descriptive results including means
and standard deviations (SDs), plots, examination of effect sizes with 95% Cls, and the
inferential statisticalresultswill be reported respectivelyn the interpretation of the
inferential statisticsthe effects wereegarded as statisticallsignificantwhen p > 05.

In addition, when theg value was more than .05 but smaller than .10, and the 95% CI
around the estimateé did not pass through zero (followed the interpretation of 95% CI

in McManus and Marsden, 2017), the effects were regarded as reliabtehe

eyetracking data, the visueation and inferential statistics will be reported.

Section 4.1.1 to 4.1.5 presents thesultsin offline comprehension, seffaced
reading, eydracking, oral production and metalinguistic knowledge tests respectively.
4.1.1 Which type of relative clage (SRC vs. ORE more difficult in offline
comprehensionaural sentencepicture matchingtest?

The aural sentenepicture matching test was used to measure offline comprehension.
Following previous research findingegtaccuracy scores for SRCs wexgeeted to be
higher than ORCs for both native speakers and L2 learners. In additiddR@&emight

be easier than ORA for both groups.

4.1.1.1Descriptive analysis

The descriptive statisticsggin table 4.1.1) showed that thSsscored at ceiling for
SRCs and ORC but hal slightly lower scores in ORCFor L2 learners, they also had

higher accuracy scores in SRCs and-®B@npared to ORC
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Table 4. 1.1 Mean (SD$ accuracyscoresin offline aural sentencepicture matching test of native
English Speakers and L2 learners

Structure NSs L2 learners

SRA(k=4or &) .94(25) .86(.35)
SRA(k=40or8) .93(.26) .86 (.34)
ORGA(k=4 or &) .91(.29) .84 (.37)
ORA (k=4 or §) .84 (.37) .77 (42)

Note: SREA = subject relative claugeanimate head; SRIC= subject relative clausge
inanimatehead; OR@\ = object relative clausganimate head; ORE = object relative
clausec inanimate head?Due to an oversight,umbers of items differed between
version 1 and version 2ndbetweenversion 3 and version 4 of the tests, respectively;
versions wereounterbalancedicross pre post, and delayed podest, within groups.
4.1.1.2 Plots

Foure 4.1.Ipresentsviolin plots with included box plots of the accuracy scores of
SREA, SRA, OREA and ORCfor thenative English speakers and L2 learners
respectively. The plots suggested timabdre NSsscored at ceiling for SRCs relative to
ORC:s. In addition, the number of NSs who scored at ceiling was higher-f/a ORC
compared to ORC Moreover, the plots of OROmight be able to explain why this
structure had lower mean accuracy scores than the o#terctures. It might due to a
few participants scored aera. For L2 learnerghe proportions of theparticipantsthat
scored at ceiling were similar across the 2RSRT and OR\ structures, and the
ORG@ structure had lower accuracy scores thangbother three structuresMoreover,
as the inserted box plots showefdy L2 learnersthe median of the SR& was higher
than SR@ and OR@ structures which indicated that the SREwas the easiesind

the OR@ was the most difficult across the fostructures.
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Figure 4. 1.1 comparisons of mean accuracy scores ofeach type ofrelative clauses for native
English speakersand L2 learnersin offline aural sentencepicture matching test
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4.1.1.3Examination of effect size

Table 4.1.2 presents theithin-group effect sizes, reflecting differences betwesath

pair of relative clauses of the NSs and L2 learseparatelyAll the effects were found

to be negligibleor very smallFor the NSs grouphe score differences between SRCs

(includingboth SREA and SRCcombined and the ORCwere reliable, because the 95%

Cl did not pass through zermrA 2 learnersteliableeffects could be observed in the

comparisondetweenthe OR@ and theother three structures. Thus, generally, the

ORG@ structurewas likely to the most difficult one across the four types of relative
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clauses for both NSs and L2 learners.

Table 4. 1.2 Within-group effect skzes forj # 1 E &)1[%% C| for offline aural sentencepicture

matching test

NSs L2 learners
SREA vs. SRC .00 .18, .18] -.01 }.10, .08]
SREA vs. OR@ .08 }.10, .26] .02 .07, .12]
SREAvs. ORC .22 .05, .40] .17 [.08, .27]
SRd vs.ORCGA .06 [.11, .23] .05 [.04, .14]
SRd vs. ORC .21 [.03, .39] .18 [.08, .27]
ORGAvs. ORC .14 }.04, .31] .14 [.05, .23]

Note: Bold typefacandicatesthat the Csdid not pass through zero

4.1.1.4Inferential statisticalanalysis
For NSsthe bestfitting modek suggested by the AIC and LiR3re inconsistent(AIC
and LRT results see Appendix. THeAlC suggested that th@imarymodel which
onlyincludedby-subject and byitem random intercepts was the be#ftting one, while
the LRT sugge=t that the model with the maximal randostructure (including
by-subject and byobject random slopes of the type oflative clauses) was preferred
(AlGrimary=321.37, AlGaxima= 324.16; LRFimary: LR Fraximai - 2(18)=33.21,p =.016).
However, the results of the maximal model wemeonsistentwith the descriptive and
the effect sizes results, and thesultsof the odds ratio werextreme valuege.g.
ORG@ vs. OR@:b[Cl] = 31.12 [19.02, 43.22], SE = 72364.23p <.001, OR [CE
3.28e+13 [1.82e+08, 5.89e+18]). Thus, the basic nmadgitbe more suitableéhan
the maximal model to fit thelata of the NSandthese results ar@resented in table
4.1.3.The statistically significant effect was found with the comparison betviken
OR@E andSRCA. The odds ratio predicted that the NSs were 2.94 more likely to
provide correct answers in the SR@ompared to the ORICIn addition, the
comparison between ORIGnd SRCwas reliable, because the 95% CI of the estimate
b did not pas through zeroThe odds ratio for this indicated that the NSs were 2.76
times more likely to correctly answer the questions about-E&&npared to the ORLC
No statistially significanteffect could be observefibr other comparisons.

For L2 learners, the selected bdsting model(see 4.1.4)ncluded the bysubject
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random slope of the type of relative clauses, and thatesn intercepts(AIC and LRT
results see Appendix 17)he resultshowed that the effecbetweenthe OR@ and
the SREA was reliable, because the 95% CI of the estirhaliel not pass through the
zero. The odds ratio predicted L2 learners to be 2.01 times more likplptide

correct answersn the SREA compared to the ORIC

Table 4. 1.3 The fixed effects of the model analysis of accuracy scoties native EnglishSpeakersin
offline comprehension: aural sentencepicture matching test

Fixed effects Estimate [CI]] SE z-value p-value ORICI]

OR@ vs. OR@ 73[-11,1.57] 051 142 155  2.07[.89, 4.78]
ORG vs. SR@ 1.08[.19,1.97] 0.54 2.00 .046* 2.94[1.21,7.16]
ORG vs. SRT 1.02[.14,1.89] 053 191 .056  2.76[1.15, 6.64]
ORGA vs. SRB 35F59,1.30] 058 062 539  1.42[553.67]

ORGA vs. SRC 29}1.63,1.22] 056 052 .605 1.34[.53,3.38]
SR@ vs. SRG 06[.92,1.04] 060 0.11 .917  1.06[.40, 2.84]

Note: Model formula:model4=glmer(score ~ type + (1|subject) + (1|item),
data=offline_comprehensioramily=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000) Marginal B=.04, Conditional &.25; bold
typefaceindicates a reliable effegtsignificantly differently from zero whelh' .05

Table 4. 1.4 The fixed effects of the model analysis of accuracy scores for L2 learners in offline
comprehension: aural sentencepicture matching test

Fxed effects Estimate [CI] SE z-value p-value OR|CI]

OR@A vs. OR& 45 F.19, 1.10] .39 1.16 .246 1.57 [.83, 2.99]
ORGl vs. SRA .70[.02,1.37] .41 1.69 .091 2.01[1.02, 3.95]
OR@ vs. SRC .58 F.05, 1.22] .39 151 132 1.79 [.95, 3.38]
ORCA vs. SRA 24 }.46, .94] .43 57 .568 1.27 [.63, 2.56]
ORCA vs. SRC A3[-.52,.78] .40 .33 744 1.14[.59, 2.18]
SRd vs. SR@ A1 E58,.79] .42 .26 793 1.12[.56, 2.21]

Note: Model formula:model3=glmer(score ~ type + (type|subject) + (1|item),

data=offline_comprehension, family=binomial, contrajlmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=.01, Conditional &=.36; bold
typefaceindicates a reliable effect

4.1.1.5Summaryof the results in the offline comprehensiotest

In summarythe resultssuggestedhat in offline aural comprehension, RGI was the

most difficultstructureand the SR® was the easiest ormmong the four types of

relative clauses (SRC SRQ, OREA and ORQ) for both NSs and L2 learnef$he

other threetypes ofrelative clauses did not&wve statistically significant differensan
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terms ofdifficulty inthe offline comprehensionest.

4.1.2 Which type of relative clause (SRC vs. ORC) is more difficoliline

comprehension measured bself-paced readin@

The selpaced reading test wasdopted to measure the online comprehension, and

the reaction times (RTs) on the first, second, third critical words and the average RTs of
the whole sentence were analysdd.the selipaced reading, if the participants were
sensitive to theviolation of the picture andhe sentence they would have the slower

RTs in mismatched items compared to the matched items. For NSs and L2 learners,
they were expected to be more sensitive to the violation in the use ofSRfEs

compared to theORCs.

In the analysisfothe selfpaced reading test, except the descriptive analysis which
was based on the raw RTs, the other analyses (including visuals, effectastzes
inferential statistical analysis) were based on the residual RTs.
4.1.2.1Descriptive analysis
The table 4.1.5 and table 4.1.6 present thean (SD9RTs of the matched items,
mismatched items and the differences between matched and mismatched items (mean
RTs of the mismatched items subtract from matched items) of each tyysdadive
clause foNS and L2 learners respectivelihe results indicated that NSs and L2
learness had slower RTs in mismatched items compared to the matched items at the
third critical word (SRCs: noun, ORCs: verb)R&/ SRT and OR@. For ORd, the
NSswere observed tdhave slower RTs fonismatchitemsacross the three critical
words, though the Rdiifferencebetweenmismatchedand matched items was small,
which indicated thasensitivitymight justbe due tochanceIn addition,the L2 learners
did not showsensitivityto the mismatchedtems for OR@ structure though, at the
third critical word, theRT difference between mismatched and matched items was

slightlyover zero.
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Table 4. 15 Mean (SDs) reaction times of ative English speakers irself-paced reading

Type word matched mismatcled mismatched-matched
1st critical word 377.97 (186.56 358.14 (197.66) -19.82
SREA 2nd critical word 382.64 (201.63 361.67 (189.90) -20.97
(k=5) 3rd critical word 436.76(295.94) 478.43 (435.62) 41.68
Wholesentence 481.44 (274.72 432.71 (242.19) -48.73
1st critical word 384.63 (181.99 370.12 (196.98) -14.51
SRA  2nd critical word 361.79 (158.18 366.78 (172.37) 4.99
(k=5) 3rd critical word 402.53(211.65) 517.80 (423.66) 115.27
Wholesentence 461.95 (255.86 456.64 (247.63) -5.31
1st critical word 355.82 (156.79 358.19 (164.46) 2.37
ORGA 2nd critical word 398.59 (245.54, 357.13 (167.35) -41.46
(k=5) 3rd critical word 455.11(331.19) 492.53 (374.42) 37.43
Wholesentence 429.00 (227.68 451.10 (241.60) 22.10
1st critical word 339.93 (143.06 365.43 (156.12) 25.50
OR@E  2nd critical word 355.32 (166.49’ 379.48 (188.73) 24.16
(k=5) 3rd critical word 472.91(390.28) 502.17 (379.25) 29.25
Wholesentence 438.68 (232.63 472.92 (249.47) 34.24

Table 4. 16 Mean (SDs) reaction times of L2 learners in seffaced reading

Type word matched mismatcted mismatched-matched
1st critical word 423.00 (250.06) 435.66 (230.05, 12.66
SREA 2nd critical word 396.88 (206.06) 410.46 (185.10 13.58
(k=5) 3rd critical word 450.54 (271.88) 509.52 (359.05 58.99
Wholesentence 451.70 (192.47) 501.72 (226.75. 50.02
1st critical word 446.75 (272.02) 448.74 (235.31 1.99
SRA@ 2nd critical word 417.78 (207.32) 423.53 (203.57 5.75
(k=5) 3rd critical word 448.77 (252.35) 537.99 (435.63 89.22
Wholesentence 484.23 (219.76) 521.25 (251.38 37.03
1stcritical word 379.77 (173.50) 369.51 (157.70 -10.26
ORGA 2nd critical word 429.36 (213.18) 415.53 (205.59 -13.84
(k=5) 3rd critical word 484.61 (311.19) 523.79 (363.97 39.18
Wholesentence 477.60 (203.88) 503.55 (223.98 25.95
1stcritical word 401.41 (184.23) 377.52 (149.92 -23.89
ORG@E  2nd critical word 461.55 (262.93) 416.10 (236.50, -45.45
(k=5) 3rd critical word 502.60 (315.63) 512.03 (339.65 9.43
Wholesentence 499.24 (228.30) 506.52 (241.84’ 7.28
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4.1.2.2 Plots

Figure 4.1.2 presents the line charts of tiesidual RT differences (subtract mean
residual RTef mismatchedtems from that of the matched items) in each type of
relative clauses faNSsand the L2 learners respectively.

For the NSs, thine chart indicated that they became sensitive to tielation of
sentencepicture matchingn the SR&\, SR and OR@& itemsat the third critical
word. A the third critical word, residual RT differences between mismatched items and
matched items were geger than zero, and the increase of the residual differences
from the secondcritical word to the third critical wordvas salientin addition, at the
third critical word, the residual difference of the SR&as the biggest amortpe
SREA, SR, and OR@ structuresand the difference in ORE structure was bigger
than that of SR@. For OR& structure, the NSs showed sloweesidual RTs in
mismatched items compared to theatcheditems in all the three critical wordsnd
even in reading the whole sesice However, the residual RT differences did not have
salient change across the critical words. The increase of RT difference forcQiReC
be observed at th@extword afterthe critical regions.

Forthe L2 learnersthe reading patterns of the four types of relative clauses were
similar. The residual RT differences had salient increase at the third critical word
compared to those of previous wordat the three critical words, all the type of
relative clauses had sl@wresidual RTs in mismatched items relative to matched items,
and the residual RT differences were bigger for SRCs compared to theHoREger,
for OR@, the residual RT difference was very small, and was just overlzexddition,
after the criticalregions,for SRCs and ORCthe L2 learners still had slower residual
RTs in mismatched comparedttee matched items. For SR@nd OR@ structure, the
maximal residual RT differences were found at the next word following the critical

regions.
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Figure 4. 1.2 Compalisons of residual reaction time (R differences (mismatched RTsz matched
RTs)in each type ofrelative clausefor native English speakers and L2 learners in seffaced reading
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Note: Exampleof SREA: The cat (critica2) that (criticall) chases (criticall) the
(critical2) dog (critical3) is (critical+1) big (critical+2);

Exampleof SR@: The cat (critica) that (criticall) the (criticall) dog (critical2) chases
(critical3) is (critical+1) big (critical+2);

Exampleof ORGA: The car (critice) that (criticall) chases (criticall) the (critical2)
bike (critical3) is (critical+1) red (critical+2);

Exampleof ORG: The car (critica®) that (criticall) the (critcall) bike (critical2)
chases (critical3) is (critical+1) red (critical+2).
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4.1.2.3Examination of effect sizes
The within-group effectsizes, reflecting differences between mismatched and matched
items, are presented in table 4.1.7. All the effect sizes were found to be negligible or
very small. For the NSgliableeffects(95% CI did not pass through zecopld be
observed at the third critical word of the SIR@hd at the whole sentence of ORC
though the effects did not reach the benchmark of the reliable sensitivity to the
mismatchfor native speakersd(= .41 [.29, .54]jound by Avery and Marsde@(2019)
meta-analysis

The L2 learners showed the reliable sensitivity to the sentgrcieire anomaly
for the SR structurebased on the whole senten¢benchmark of reliable sensitivity
for L2 learners in anomaly detectiokr .19 [.09, .19], Avery & Marsden, 20119)
addition, the comparisons between mismatched and matched iteie® reliable
(because the 95% CI did not pass through zatrt)e third critical wordor SREA, and
at the third critical word as well across the wholesentencefor SRd. For SRCs, the
reliable effects observed for the whole sentence migbbecaug the learners were
still or becaningmore sensitive to the sentengacture anomaly after the critical

regions.

Table 4. 1.7 Within-group (mismatched vs. matched) effect sizes for # | E A)I[@6@ CI for
self-paced reading

SREA (k=5) SRA (k=5) ORGA(k=5) ORG@ (k=5)

istcritical  -.06 [.27,.14] -.16 }.37,.04] -.02 }.23,.18] .16 [.04, .37]
2nd critical  -.12 [.33,.08] -.08 }.29, .13] -.15 [.35, .06] .15 [.06, .36]
3rd critical .02 .18, .23]  .24[.04, .45] .10[.10,.31] .18 }.03, .39]
whole -19[.39,.01] .02}.18,.22] .09F.12,.29] .24[.03, .44]

NSs

1st critical .10 [.01, .20] .03 }.08, .13] -.06 }.16, .04] -.12 }.22, .01]

2nd critical .07 [.04, .17] .03 }.08,.13] -.06 }.16, .04] -.13 }.24,-.03]
L2learners .

3rd critical .13 [.03, .24] 121[.01,.22] .05F.05,.16] .02 F.09, .13]

whole 23[12,.33] .13[02,.24] .06[}.04,.17] .02 .09, .12]

Note: Bold typefacendicatesthat the Clsdid not pass through zero
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4.1.2.4Inferential statistical results

The inferential statistical tests were conducted to test the residual RT differences
between each pair of relative clauses. The tests were run respectively for each critical
word and the wholesentence The AlGnd LRT resultsf models for NSs and L2
learners at each critical words and whole sentence are shown in Appendix 18.
Native English Speakers

At the first critical wordthe LRT and AIC tests suggested thatprimarymodel(see
table 4.1.8)which onlyincluded the bysubject and bytem random interceptswas
selected as the beditting model. A statistically significant effect was found with the
interactionbetweentype (OR@ vs. SRQ and match or mismatch (match vs.
mismatch), which indicated that compared to tBd&R@A, the residual RTs for SR@ere
faster in mismatched items relative toatcheditems. In addition, the NSs were more
sensitive to the violatiom the useof ORA than the SR®, as the 95% CI of the

estimateb did not pass through zero.

Table 4. 1.8 The fixed effects(related to the interactions between type and match or mismatchf
the model analysis ofresidual reaction times (first critical word) for native English speakers in
self-paced reading test

Fxed effects Estimate [CI] SE  t-value p-value

OR@ vs. OR@: match vs. mismatcl -7.15[16.24, 1.95] 5.53 -1.29 .198
ORGI vs. SR@: match vs. mismatcl -9.38 [18.48,-.29] 553 -1.70 .092
ORG vs. SRE match vs. mismatch -11.82 [20.93,-2.70] 5.54 -2.13 .035*
ORCA vs. SRA: match vs. mismatcl -2.23 }11.38, 6.92] 5.56 -.40 .689
ORCA vs. SRC match vs. mismatch -4.67 }13.84, 4.50] 5.58 -.84 404
SRd vs. SR@: match vs. mismatch 2.43 }6.74,11.61] 5.58 .44 .663

Note: Model formula:modell=Imer(resid ~ type*match_mismatch + (1|subject) +
(1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=1@M0))) marginal R=.01, conditional R=.03;bold
typefaceindicates a reliable effegt significantlydifferently from zero whe = .05

At the secondcritical word (se table 4.1.9), the primary modethich included
the by-subject and byitem random interceptswas adoptedThe interactions between
the type (OR€vs. ORA & SR@) and the match of mismatch (match vs. mismatch)

were reliable (95% Cls of the estiméatdid not pass through zero), thobhdhe p
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values were more than .QBhichindicated that the NSs were more sensitive to the

violation in the use of the OR@ompared to the ORE and SR3.

Table 4. 1.9 The fixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (second critical word) fonative English speakers in
self-paced reading test

Hxed effects Estimate [CI] SE t-value p-value

ORCI vs. OR@: match vs. mismatcl -11.93 [22.06,-1.79] 6.16 -1.94 .055
ORGl vs. SRA: match vs. mismatch -10.92 }21.03,-.82] 6.14 -1.78 .078
ORd@ vs. SRC match vs. mismatch -7.77 F17.92,2.39] 6.17 -1.26 .210
ORCGA vs. SR&: matchvs. mismatch 1.00 [9.07, 11.07] 6.12 .16 .870
ORCA vs. SRC match vs. mismatch 4.16 [5.95, 14.28] 6.15 .68 .500
SRd@ vs. SR@: match vs. mismatch -3.16 [13.24,6.93] 6.13 -0.52 .607

Note: Model formula:modell=Imer(resid #ype*match_mismatch + (1|subject) +
(1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000))parginal B=.01, conditional &.06 bold
typefaceindicates a reliable effect

At the third critical word, the moddkeetable 4.1.10)whichincluded the
by-subject random slope of the match or mismatch and thetegn random intercept

was the besfitting one. No statistically significant effesasfound by this model.

Table 4. 110 Thefixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (third critical word) fornative English speakers in
self-paced reading test

Fxed effects Estimate [CI] SE t-value p-value

ORGI vs. OR@: match vs. mismatcl -4.13 }16.93, 8.67] 7.78 -.53 .596
ORd@ vs. SR@: match vs. mismatch -7.17 F19.83, 5.50] 7.70 -.93 .354
OR@ vs. SRC match vs. mismatch 2.05 }10.66, 14.76] 7.73 .27 791
ORCA vs. SRE: match vsmismatch -3.04 [15.67,9.60] 7.68 -.40 .693
ORCA vs. SRC match vs. mismatch 6.18 }6.50, 18.85] 7.71 .80 424
SRdA vs. SRA@: match vs. mismatch -9.21 [21.75,3.32] 7.62 -1.21 .229

Note: Model formula:model5_3=Imer(resid type*match_mismatch +
(match_mismatch|subject) + (1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000))parginal B=.01, conditional &.10

For the whole sentencésee table 4.1.11he primarymodel including the
by-subject and byitems random intercepts was selecteistatistically significant

effectwasfound with the interaction between the type (OR@s.RCA) and the
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match or mismatch (match vs. mismaitckm addition, theinteraction béween the

type (OREA vs. SRB) and the match or mismatch (match vs. mismatch) were found
to bereliable as the 95% CI of the estimdielid not pass througlzero. The results
indicated that the NSs were more sensitive to the violatiothe ORG and GRCA

itemsrelative to SR@.

Table 4. 111 The fixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (whole sentence) fonative English speakers in
self-paced reading test

fixed effects Estimate [CI] SE t-value p-value

OR@ vs. ORA: match vs. mismatch -5.81 F15.65, 4.02] 5.98 -.97 .332
ORG vs. SRA: match vs. mismatch -16.92 }26.68,-7.16] 5.93 -2.85 .005**
OR@ vs. SRC match vsmismatch ~ -8.22 }17.98,1.54] 5.93 -1.39 .168
ORCA vs. SR@: match vs. mismatclk -11.11 }20.96,-1.26] 5.99 -1.86 .065
ORCA vs. SRC match vs. mismatch -2.41 }12.26, 7.44] 5.99 -.40 .688
SRdA vs. SR@: match vs. mismatch -8.70 [18.47,1.07] 5.94 -1.46 .145

Note: Model formula:modell=Imer(resid ~ type*match_mismatch + (1|subject) +
(1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000))parginal B=.02, conditional &.06;bold
typefaceindicates a reliable effect* significantlydifferently from zero whet <.01

L2 learners

At the first critical word, th@rimarymodel that includedhe by-subject and bytem
random intercepts was selectddee table 4.1.12)Theresultsindicated that the L2
learners were significantly more sensitive to thentencepicture anomalyin the SR&\
compared to the OR& and ORQ In addition, another reliable effect (the 95% CI of
the estimateb did not pass through zero)agfound with the interaction betweeithe
type (OR@ vs. SRQ and the match or mismatch (match vs. mismatch), which
suggested that the L2 learners were more sensitive toahemaly inthe SR relative

to ORd.
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Table 4. 112 The fixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (first critical word) for L2 learners in selpaced
reading test

fixed effects Estimate [CI] SE t-value p-value

OR@ vs. ORA: match vs. mismatch 2.55 [3.57,8.66] 3.72 .69 494
ORGl vs. SR@: match vs. mismatch 10.16 [4.02, 16.30] 3.73  2.72 .007**
ORGl vs. SRT match vs. mismatch 6.22 [.10, 12.34] 3.72  1.67 .096
ORCA vs. SR@: match vsmismatch 7.61[1.49, 13.74] 3.73 2.04 .043*
ORCGA vs. SRC match vs. mismatch 3.68 }2.43,9.78] 3.71 .99 324
SRd vs. SR@: match vs. mismatch 3.94 }2.20, 10.07] 3.73 1.06 .293

Note: Model formula:modell=Imer(resid ~ type*match_mismateh(1|subject) +
(1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)harginal B=.01, conditional =.02;bold
typefaceindicates a reliable effeptsignificantly differently from zero whelh™ .05; **
significantlydifferently from zero whe <.01

At the second critical wordhe model that included the bgubject random slope
of therelative clauseype and the byitem random intercepivas selected as the
bestfitting model. The L2 learners were fourtd have statistically slower residual RTs
in the mismatchedtems thanin the matched items for SRE€and SRCcompared to

the ORd.

Table 4. 113 Thefixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (second critical word) for L2 learners in seffaced
reading test

Fxed effects Estimate [CI] SE t-value p-value

ORd@ vs. ORA: match vs. mismatch 4.01 F2.12, 10.13] 3.72 1.08 .283
ORG vs. SRA: match vs. mismatch 9.76 [3.65, 15.88] 3.72 2.63 .009**
ORG vs. SREC match vs. mismatch 7.93[1.81, 14.06] 3.73 2.13 .035*
ORCA vs. SRE: match vs. mismatct 5.76[-.32, 11.84] 3.70 1.56 122
ORCA vs. SRC match vs. mismatch 3.93 f2.16, 10.01] 3.70 1.06 .290
SRd vs. SR@: match vs. mismatch 1.83 f4.25, 7.91] 3.70 .50 .621

Note: Model formula:model4_3=Imer(resid ~ type*match_mismatclitype|subject)
+ (1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)parginal B=.01, conditional &.05;bold
typefaceindicates a reliable effectsignificantly differently from zero whelh' .05; **
significantlydifferently from zero whert <.01

At the third critical word, the model that included the Bybject random slope of
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match or mismatchand the byitem random intercepts was the beétting model.

There was nastatisticallysignificant effect that could be found in this model.

Table 4. 114 The fixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (third critical word) ér L2 learners in selfpaced
reading test

Hxed effects Estimate [CI] SE t-value p-value

OR@ vs. ORA: match vs. mismatch 1.63 [7.30, 10.55] 5.43 .30 .765
ORd@ vs. SR@A: match vs. mismatch 6.56 }2.31, 15.43] 5.39 1.22 225

ORd@ vs. SRC match vs. mismatch 4.86 F4.04, 14.76] 5.41 .90 .370
ORCGA vs. SRE&: match vs. mismatct 4.94 }3.92, 13.79] 5.38 .92 .361
ORCA vs. SRC match vs. mismatch 3.23 [5.65, 12.11] 5.40 .60 .550
SRd vs. SR@: match vs. mismatch 1.70 [7.12,10.52] 5.36 .32 .751

Note: Model formula:model5_3=Imer(resid ~ type*match_mismatch +
(match_mismatch|subject) + (1|item), data=SPR, control = ImerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000))parginal B=.01, conditional &.06

For the whole sentencéhe primarymodel including the bygubject and bytem
random intercepts were suggested to the bdisting model. The interaction between
the type (OR@vs. SR®) and match or mismatch (match vs. mismatch) were found to
be statigically significant, and another interactidoetweenthe type (ORE vs. SRB)
and match or mismatch (match vs. mismatch) were reliable (95% CI of the estimate
did not pass through zero). The results suggested that the L2 learners were more

sensitive tosentencepicture anomaly inhe SREA compared to the ORS and ORC

Table 4. 115 The fixed effects (related to the interactions between type and match or mismatch) of
the model analysis of residual reaction times (wholsentence) for L2 learners in selpaced reading
test

Fxed effects Estimate [CI] SE t-value p-value

OR@A vs. OR@: match vs. mismatch 1.67 F12.11, 5.65] 4.14 40 .688
ORGl vs. SR@: match vs. mismatch 8.76 }13.76, 4.04] 4.14  2.12 .036*
ORG@ vs. SRC maitch vs. mismatch 4.44 }7.12, 10.52] 4.14 1.07 .286
ORCA vs. SR@: match vs. mismatcl 7.10 [.30, 13.90] 4.13 1.72 .088
ORCA vs. SRC match vs. mismatch 2.77 [4.04, 9.58] 4.14 .67 .505
SRd vs. SR@: match vs. mismatch 4.33 [2.48, 11.13] 4.14 1.05 297

Note: Model formula:modell=Imer(resid ~ type*match_mismatch + (1|subject) + (1]item), data=SPR,
control = ImerControl(optimizer = "bobyga",optCtrl=list(maxfun=100008)3ginal B=.01, conditional
R=.05;bold typefaceindicates a reliable effectsignificantly differently from zero wheh' .05
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4.1.2.5Summaryof the results in the seHpaced readingest

For NSsthe descriptive analysis sdw RTs and the visushtionsof the residual RTs

indicated that the NSwere more sensitive to thesentencepicture anomalyin the

SRCs relative to the ORCs at the third critical wOrdthe other handthe inferential

statisticalresultssuggested that at the first critical word affar the whole sentence,

the NSs tended to be more sensitive to tigomaly inthe OR@ compared to the SRCs.

Howeverthesestatisticaly significan effectsmight not have practical meaning,

because before the critical regions, the NSs already had sl@s&lual RTs in the

mismatched items compared to the matched itemgile this phenomenon did not

show in other structureslt might just happen by chance, as the participants were not

able to decide whether the sentence matched the picture or not beflbeecoming of

the first critical wordln addition, for OR( at the first critical wordalthough the NSs

had slower residual RTs, teffectsize reflecting residual RT differences between

mismatched items anthatched items, were negligible. Thiise statistical results

might not be sufficient evidence to support the advantage of ORCs over the SRCs at the

first critical word and the whole sentencdeooking athe visuals (figure 4.1.2), all the

four types ofrelative clauses had thesalientincreaseof the residual Rdifferences

(mismatched minus matched) at the third critical word, so at the third critical word, the

inferential statistical results which related to the comparison between the types of

relativesclauses were more likely to have explamatpower than at the other regions.

Nevertheless, natatisticallysignificant effects could be observed at the third critical

word. In sum, the descriptive analysis and the line charts showed that the NSs became

sensitive to the sentencpicture mismatch at the thirdriticalword for SRCs and

ORCA, and the withirgroup effect size (compaug the differences between matched

and mismathed residual RTs) was reliable for $Rtthe third critical word. Thus,

there was some tentative evidence of a tendencyS&Cs especially SR be easier

than ORCs faXSs in thé&SPRest, though it did not have statistically significant effect.
For L2 learnerssimilar to the NSghe models that compared the four types of

relativeclauses at the third criticalord were more meaningful teexplainthe difficulty
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differencesbetweenthe different types of relative clausaglative to the models fo
other regions. It ibecausehe descriptive analysis and the line chats showed that the
RT differences (RTs for mismatched minus matchedhbtablyincrease at the third
critical word for all the structures. At the third critical region, the effezésiof the two
SRCs were reliable, though no statistically significant effect could be found. However,
the statistically significargdvantages of the SRCs over OR€re found at thefirst
two criticalregions but it might just happen by chance. It waschuse the effect size
results showed that the residual RT differences between mismatched and matched
items were negligible for all the structures at the first and the second critical words.
Thus, it could be inferred thahere was some tentative evidendleat L2 learners
tended to show some increased sensitititythe sentencepicture anomaly for SRCs
relative to ORCs, though no statistically significant effects could be found.
4.1.3 Which type of relative clause (SRC vs. ®RCnore difficult inonline
comprehension measured bgye-tracking?
The visual world ey&racking tests were used to measure tligeningonline
comprehensionln each itemof the eyetracking test the participant listened to a
sentence and sawa target picture, a distractpand a verton the screenin the
eyetracking test, the SRCs were predicted to be easier than the ORCs for b@hdNSs
L2 learners. To be specific, the participants were expected to fixate on the target
picture earlier in SRCs compared to OR@s.dataof the NSs and the L2 learners were
analysedseparately

The fixation proportios of looking at the targets and distractoas the critical
regionsfor each type of relative clause wepeesentedthroughline chartsand
analysed bynferential statistics Each lineehartincluded a line for looking at the target
and a line for looking at the distractatescribing the changes of the fixation
proportion of a type ofrelative clause from 200ms prior to the onset of the first critical
word and lasting for 3000ms. The offsets of the first, second and the third critical
words were marked by vertical lines.

In addition, mixeeeffects growth curve analysis was used to test whether
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fixations towards the targets over the duration of the three critical wdydaveen
structures were statisticaly significan or not. The time window was defined from the
onset of the first critical word to the offset of thhird critical word.Frst, the models
that had he fixed effectof the interaction between the relative clause type and the
time vectorand the bysubjectandby-item random intercepts were runn order to
find the appropriate time vector, thérst-, second, and thirdorder time vectos were
added step by step, and the models were compausithg AIC and LRFor NSs, the AIC
and LRT suggested the fumider time vectoffitted the data best. &r L2 learners, the
results of the AIC and LRT were conflicted. The AIC showed ¢hatdtiel with the
first-time order vector was the best, while the LRT indicated the model with the
combination of the first secondand third-order time vectors was the besitting
model. Looking at the plots, the curves for the looking at the targetseofour
structureshad more than one bend, so theombination of thefirst-, second, and the
third-order time vector might be better than the firstrder time vector in fitting the
data of the L2 learnerg.hen, the random slopes were added to the seddanodels
(the AIC and LRe&sultsfor selecting time vector and random effects for both NSs and
L2 learners see Appendix 19)

The model for NSsplfowing the suggestion of maximal random effects structures,
included the bysubject and bytem randomintercepts and the slopes of the
first-order time vector and the relative clause type. To avoid over fitting of the model,
the random slopes were trimmed down step by step until the model only had random
intercepts, and the models were examined by AIC laRd.

For L2 learners, the model that had the maximal randeffiectswas too complex
to converge The maximal random effects model that could be converged included the
by-subject and byitem random interceptsand the slopes of one time vector and the
relative clauses type. The models that included each possible option of the slopes were
run separately and tested by AIC and LRT. The AIC and LRT suggested that the model
with the by-subject and byobject random intercepts was the beftting model.

Howeverthe R of the models for NSs and L2 learners were extremely low
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(Marginal Bnodel nss=.00; ConditionaRmodel nse .01; Marginal Riodel 25=.00;
ConditionalRmoegel L= .03, thusthe datamight not be explained very well by the
independent andandom variables included in the model

For the NSsjdure4.1.3 presents the fixation proportions of looking at the targets
and the distractor®f the four types of the relative clauses. The plots indicated fivat
the SRCghe NSs could fixate on tharget pictures before theffset of the first critical
word. For SR@, although the participants had higher proportiohlooking at the
targets compared to looking at the distractors before the onset of the first critical word,
a steady increase in tHae of the looking at the target could be observed at around
400ms.Compared to SRCs, tdevergent point of looking at the target and looking at
the distractor was later in ORCG=r ORE\, the point that the proportion of looking at
the target exceededb0 wasaround the end of the second critical word (around 600ms
after the onset of the first critical wordlror ORE, the line of looking at the target
diverged from looking at thdistracior around800ms,and this point was within the
third critical word. In sum, the plots indicated thale time that the NSs became
sensitive to the target structures wasrlierin SRCs relative to ORCs. Hosvethe
inferential statisticatesultsdid not show any statistically significant difference
between structures in the examination of the differences in looking at the tafgets
table 4.1.16.

For L2 learnershe fixation proportions of looking at the targeind the
distractors were shown infigure4.1.4 Forthe SRCs, the L2 learners could fixate at the
target pictures before the end of the firstiticalword (around 450ms after the onset
of the firstcriticalword) for SREA, but the divergent poinbccurredlater in SR,
which showel at the third critical word (around 800ms after the first critical woFedr
ORCs, e plots showed that the L2 learnarsuld only become sensitive to the
language cuesf ORCs at the third critical word (around 800ms after the first critical
word) regardlessof animacy of the first nourNeverthelessthe inferential statistical
results indicated that thelifferencesin the proportion of looking at the targets in the

critical words werenot significant éee table 4.1.1)
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Figure 4. 1.3 Fixation proportions of looking at the targets and distractors fomative English Speakers
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Figure 4. 14 Fixation proportions of looking at the targets and distractors for L2 learners
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Table 4. 1.16 The fixed effects of the model analysis ¢dfe empirical log odds of fixation proportion

for native English speakers in eydracking test

Fxed effects Estimate [CI] SE t-value  p-value
OR@ vs. OR& -.02 .08, .04] .04 -52 .605
OR@ vs. SRA& -.01 .07, .05] .03 -.30 761
OR@ vs. SRC -.01[-.06, .05] .04 -17 .862
Liner x ORCvs. OR@ A5 F.14, 43] A7 .86 .388
Liner x ORCvs. SRG@ A7 F.11, .45] A7 .99 322
Liner x ORCvs. SRC .21 }.08, .49] A7 1.20 229
ORCGA vs. SR& .01 }.05, .06] .03 23 .819
ORCGAVvs. SRC .01 .04, .07] .03 .36 .720
Liner x OR® vs. SR .02 }.25, .30] A7 13 .897
Liner x OR®@ vs. SRC .06 }.22, .34] A7 .36 723
SRd vs. SR@ .00 }.06, .05] .03 -.14 .893
Liner x SRCvs. SRA -.04 }.31, .24] A7 -.23 .820

Note: Model formula:gca_modell = Imer(e_log ~ (otl)*type +

+ (1 | subject) +

+ (tem),

+ control = ImerControl(optimizer="bobyga"),
+ data=eye_data)

Marginal B=.00, conditional

.01

Table 4. 117 The fixed effects of the model analysis @he empirical log odds of fixation proportion

for L2 learners in eyetracking test

Fixed effects Estimate [Cl] SE t-value p-value
OR@ vs.ORCGA -.01 }.04, .02] .02 -51 611
OR@ vs. SR@ -.02 }.05, .01] .02 -.92 .358
OR@ vs. SRC -.01 }.04, .02] .02 -.59 .555
Liner x ORCvs. OR& -.04 }.19, .11] .09 -42 .676
Liner x ORCvs. SRA@ -.07 F.22, .09] .09 -71 481
Liner x ORCvs. SRC -.04 }.19, .11] .09 -43 .669
Quadratic x ORCvs. OR@ 13 F.02, .28] .09 1.40 162
Quadratic x ORCvs. SRA& 11 F.04, .27] .09 1.25 211
Quadratic x ORCvs. SRC .02 .13, .17] .09 22 .830
Cubicx OR@ vs. OR®& -.08 }.23, .07] .09 -.90 .367
Cubic x ORCvs. SR@& -.10 }.25, .05] .09 -1.13 257
Cubic x ORCvs. SRC -.02 }.18, .13] .09 -.26 .795
ORCA vs. SR& -.01 .04, .02] .02 -42 677
ORCGA vs. SRC .00 E.03, .03] .02 -.09 .928
Liner x OR@ vs. SR& -03 F.17, .12] .09 -.30 767
Liner x OR@ vs. SRC .00 }.14, .15] .09 -.02 .987
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Quadratic x OR& vs. SRA -.01 .16, .13] .09 -.16 872

Quadratic x ORB vs. SRC -11 }.26, .04] .09 -1.19  .233
Cubic x OREB vs. SRA -02 .17, .13] .09 -24 .814
Cubic x OREB vs. SRC .06 F.09, .21] .09 .65 .518
SRdA vs. SRG -.01 }.04, .02] .02 -32 750
Liner x SRCvs. SRA -03 F.17, .12] .09 -.28 .780
Quadratic x SRO/s.SREA .09 E.05, .24] .09 1.04 .300
Cubic x SRO/s. SR@ -.08 }.23, .07] .09 -.88 .380
Note: Model formula:gca_model3 = Imer(e_log ~ (otl+ot2+o0t3)*type +
+ (1 | subject) +
+ (Itgm),
+ control = ImerControl(optimizer="bobyqga"),
+ data=eye_data)

Marginal B=.00, conditional &.01

In summary, for both NSs and L2 learners, the inferential statistics showed that
the proportion of looking at the targetsver the three critical words did not have
statisticallysignificantdifference between the types o€lative clause. However,
differences between structures could be observed inplas. Theline chartsshowed
that the NSs loadd at the target picturesarlier in SRCs relative to ORCs, and the L2
learners fixated on the targets earlier in the SR€ompared to theéhree other
conditions:SRd, OREA,and ORG. To sum up, the OREsemed to bemore difficult
to process relative to SRCs for N&&scripively but not statisticallyFor the L2 learners,
the SREA was easieto interpret than the other three types afelative clauses, and
those three types of relative clauses had similar degree of diffiagitprding tahe

eyetrackingdata

4.1.4 Whichtype of relative clause (SRC vs. QROmnore difficult inoral productior?

In the oral production test, the participants were asked to describe a picture based on
the given informationandthe accuracyscores were used in the analysis. The NSs and
L2 learners were expected to have higher accuracy scores for SRCs compared to the
ORCs.

4.1.4.1Descriptive analysis

Table 4.1.8 presents the mean3[¥) accuracy scores for the NSs and L2 learners in the

four types of relative clauses. It could be observed that for both NSs and L2 learners,
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the accuracy scores of the ORCs were lower thase ofthe SRCShe NSs scored at
ceiling for SRCs, but they could only correctly produce around half of the ORCss For NS
the ORCs with inanimate heads had higher accuracy scores compared to those with
animate heads. For L2 learners, the animacy of the head noun did not influence the

difficulty in producing ORCs.

Table 4. 1.18 Mean (SD$ accuacy scores inoral production of native English Speakers and L2
learners

Structure Natives L2 learners

SREA (k=4 069 .94 (.23) .51 (.50)
SR (k=4 06%) .98 (.31) .53 (.50)
ORGA (k=5) 44 (50) .33 (.47)
OR@ (k=) 55(50) .33 (.47)

Note: *Numbers of items differed between version 1 and version 2, version 3 and
version 4 of the tests, respectively; versions weoenterbalancedicross pre post,

and delayed postest, within groups.

4.1.4.2 Plots

The violin plots with inserteBoxplotspresented in the figure 4.1.5 show the
comparisons of mean accuracy scores offthe types of relative clauses for NSs and
L2 learners respectivelyooking at the plots, the N&&ad much larger proportion of
participants who scored at ceiling ihe SRCs compared to the OR&s.L2 learners,

the proportions of the participants who scored at ceiling were similar across the four
types of relative clauses, but the more participants scored at bottom for ORCs

compared to the SRCs.

169



Figure 4.1. 5 comparisons of mean accuracy scores of each type @lative clauses for native
English speakers and L2 learners in oral production
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4.1.4.3Examination of effect sizes

Table 4.1.9 presents the withirgroup effects, reflecting differences between each pair
of relativeclauses for NSs and L2 learners respecti#elyNSs, the higher scores for
SRCs over ORCs had small effects, and difference betweeA &RICORCwas

reliable, be&eause the 95% CI did not pass through zero (though did not reach
benchmark of small effects). For L2 learners, the differences in the comparisons

between SRCs and ORCs were reliable (95% CI did not pass through zelid)nbut
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reachPlonsky andh & & Is @@®4)benchmark of small effects.

Table 4. 119 Within -group effect sizes fo # 1 E & [96%C] for oral production

NSs L2 learners

SR vs. SRC .13 }.07, .32 -.04 .14, .06]
SRA vs. OR@ .97 [74,1.20]  .25[.15, .36]
SRAAvs. ORC  .80[58,1.02]  .26[.16, .36]
SRdvs. OR@  .90[67,1.13]  .30[.20, .40]
SRdvs. ORC  .61[.40, .82] 311[.21, .41]
ORGAvs. ORC  -23[.43,-04] .00 |10, .10]

Note: Bold typefacandicatesCk thatdid not pass through zero

4.1.4.4Inferential statistical analysis
The inferential statistical analysis was conduatsthgmixed-effects logistic regression
models.The AIC and LRT results for model selection see Appendix 20.

For NS¢see table 4.20), the primarymodel that included the bgubject and
by-item random intercepts was selected as the b#tsing model. The results indicated
that every comparison between the two typesrefative clauses was statistically
significant.The odds ratio of tt modelsuggestedhat the NSs were significantly more
likely to produce correct SRECcompared to OR{(168.27 times greater likelihoodp
ORCA (470.87 times greatdikelihood andto SR@ (5.27 times greater likelihoodn
addition, the odds ratigredicted the NSs to be 31.93 and 89.35 mideelyto
correctly produce SRIGompared to ORCand OR@ respectivelyMoreover, it could
be found that the NSs were 2.80 times more likely to correcitglpce ORT
compared to OR®. However, the highdikelihood of producing SR relative to
SR@A might not have practical meaning, because the mean accuracy scores of the two

structureswere at ceiling.
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Table 4. 1.20 The fixed effects of the model analysis of accuracy scores foative English Speakers
in oral production

Fixed effects Estimate [Cl] SE zvalue p-value OR[CI]

ORG vs. SR@& 5.13[3.62, 6.63] .91 5.61 <.001*** 168.27 [37.45, 756.04]
ORG vs. SRC 3.46 [2.34, 4.59] .69 5.05 <.001** 31.93 [10.34, 98.59]
ORGAvs. ORC 1.03[.21,1.85] .50 2.07 .038* 2.80[1.24, 6.33]
ORCGAvs. SR8 6.15[4.53,7.78] .99 6.24 <.001*** 470.87 [93.01, 2383.83]
ORGAvs. SRC 4.49[3.25,5.73] .75 5.96 <.001*** 89.35 [25.86, 308.77]
SRAvs. SR 1.66[.35,2.98] .80 2.08 .038* 5.27 [1.42, 19.62]

Note: Model formula:model4=glmer(score ~ type + (1|subject) + (1]item),
data=oral_production, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=.35, Conditional R-.82;
*significantly differently from zero wheh .05; *** significantly differently from zero
whenh<.001

Table 4.121 presents the inferential stadtical results for L2 learners. The model
that included the bysubject random slope of the type célativeclauses and the
by-items random intercept was suggested as the Hashg model. The results
indicated that the L2 learners had significantlyit@gprobabilityin correctly producing
SRCs relative to ORCs. The odds ratio predicted the L2 learners to be 8.%times
21.14 more likely to correctly produce SRCompared to ORCand OR&
respectively; to be 9.13 times and 22.21 more likely toexity produce SRC
compared to ORCand OR@.

Table 4. 1.21 The fixed effects of the model analysis of accuracy scores for L2 learners in oral

production
Fixed effects Estimate [CI] SE zvalue p-value ORI[CI]
ORGE vs.ORGA  -0.89F1.90, .12] 0.61 -1.45 146 A411[.15,1.13]

ORG vs. SR@ 2.16 [1.10, 3.22] 0.64 3.36 <.001**  8.69 [3.02, 25.04]
ORG vs. SRC 2.21[1.17,3.25] 0.63 3.49 <.001**  9.13[3.22, 25.91]
ORGAvs. SREB  3.05[1.53,4.58] 0.927 3.291 <.001** 21.14[4.60, 97.13]
ORGAvs. SRC 3.10[1.61,4.60] 0.91 3.41 <.001***  22.21[4.98, 99.04]
SRd vs. SR@ -0.05 F.47,.37] 0.26 -0.19 .848 .95 [.62, 1.45]

Note: Model formula:model3=glmer(score ~ type + (type|subject) + (1|item),
data=oral_production, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)Marginal B=.09, Conditional B=.81;
*** gsignificantly differently from zero whemn<.001
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4.1.4.5Summaryof the results in the oral productionest
In summarythe descriptiveand inferential statistics showed that SRCs were
significantly easier than OR@sproducefor both NSs and L2 learners. In addition, for

NSsthe ORGE waseasier tharthe ORCA.

4.1.5 Which type of relative clause (SRG. ORCTis more difficult inthe metalinguistic
knowledgetest?

Themetalinguisticknowledgetest consisted of three sections: decide whether the
sentence matches the picture or not; if there was a mismatch, cothecsentence to
match thepicture by moving a woraf the sentenceexplain the reason why the
sentence did not match the picture. Teeoresof the three sections were analysed
separatelyThe NSs and L2 learners were expected to have higher accuracy scores in
SRCs relative to ORCs.

4.1.5.1 Analysis ofaccuracy scorem deciding whether the sentence match the

picture

The first task of thenetalinguisticknowledge test was to decide whether the sentence
matcheal the picture. The data of matched items and mismatched items were analysed
separately

a) Descriptive analysis

Table 4.1.2 presents the meansS(¥) of the NSs and L2 learners in matched and
mismatched items. For the matched itent®th natives and the L2 learners scored at
ceiling for all the four types of relative clauses. For the mismatched items, the NSs
scored at ceiling for SRCs and @R{d had slightly lower accurasgoresn ORGA
compared to the other three structures addition, the L2 learnerscored higher in

SREA and OR@ compared to the SRGnd ORAQ.
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Tabled4. 1.22 Mean (SD$ accuracy scores inmetalinguistic knowledge test (decide whether the
sentence matches the picturepf native English Speakers and L2 learners

Structure Matched items Mismatched items
Natives L2 learners  Natives L2 learners

SREA (k=2) 1.00 (.00) .96 (.19) .93 (.26) .84 (.37)

SRd (k=2) 1.00 (.00) .97 (.18) .98 (.15) .74 (.44)

ORCGA (k=2) .95 (.22) .95 (.22) .81 (.40) .80 (.40)

ORdA (k=2) .98 (.15) .96 (.21) .93 (.26) .61 (.49)

b) Plots

The mean accuracy scoresaafch type of relative clauses for NSs and L2 learners were
presented througtviolin plots with insertedBoxplots Theplots for matched items are
shown in the figure 4.1.6. Looking at the plots, both NSs and the L2 learners scored at
ceiling regardless of the relative clauses tygeg especially for the NSs who had

correctly responded all the SRE€ms.

Figure 4. 1.6 comparisons of mean accuracy scores of each type m@fative clauses for native
English speakers and L2 learners imatched items of themetalinguistic knowledge test (decide
whether the sentence matches the picture)
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Theplots in the figure 4.1.7 presetite mean accuracy score$the four types of
relative clauses in the mismatched items. For NSs, theanedithe mean accuracy
scoredfor all the four structures was 1.00, however, the proportion of the participants
who scored ateilingwas much lower in OR& compared to the other three structures.
For L2 learners, there were more participants who scored at ceiling feAS&@ative
to the other threestructures Moreover, the L2 learners had the lowest median (.50) of
the mean accuracy scores for OR&nong the four structuresand in ORCstructure,
more participants averagely scored .50 than the participants who averagely scored

1.00.
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Figure 4. 1.7 comparisons of mean accuracy scores of each type mfative clauses for native
English speakers and L2 learners in mismatched items of the metalinguistic knowledge test (decide
whether the sentence matches the picture)
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c) Examination of effect sizes

Table 4.1.3 presenst thewithin-group effect sizes, reflecting the differences between
structures.It could befoundthat all the effects in the comparisons between two types
of relativeclauses in the matched items were negligible, because the 95% CI passed
through zero. For the mismatched itentbe effects in the NSs and L2 learners could

be described as extremely sthtb negligible Reliableeffects (95% CI did not pass
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through zero) could be found with the NSs in the comparisetweenSRA and OR@.
In addition,in the group othe L2 learnersthe comparisons between OR@ndeach
of the other three structure$SREA, SR and OR@) were reliable, though none of

them reached the benchmark of small effect

Table 4. 1.23 Within-group effect sizes forj # 1 E #)9%% CI in metalinguistic knowledge test
(decide whether thesentence matches the picture or not)

Matched items Mismatched items
Native Speaker: L2 learners Native Speaker: L2 learners
SREA vs. SRC N/A -03 F.19, .13] -.15F.46, .15] .19].04, .35]

SR vs. OR@ .22}.09, 53] .04F11,.20] .26F.05,.58] .07 .09, .22]
SR vs. ORC .15[.15,.46] .03[.13,.18] .00F.31,.31] .41[.25, .58]
SRdvs. OR@ .22}.09, 53] .07F09,.22] .38[.07,.70] -.13[.28,.03]
SRdvs. ORC .15[.15,.46] .06[.10,.21] .15F.15,.46] .24[.08,.40]
ORGAvs. ORC -.09[.40,.22] -02F[.18,.14] -24}55,.07] .36[.20, .52]

Note: Bold typefacendicatesthat the Ckdid not pass through zerdN/A refers to the
effect of the comparison could not be estimated, becauseSbef one or both of the
groups was zero

d) Inferential statistical analysis

The mixeeeffects logistic regression models were use@xamine whether the scores
of correctly deciding the match or mismatch of the sentence and the picture were
different between the four types of relative claus@dC and LRT results for model
selection see Appendix 21.

For the matched itemsjone of the malels could be converged in the NSs group,
because the variance of thedependentvariable, the scores, was extremely small (see
table 4.1.2). Under this circumstance, it wasryunlikely to have the statistical
differencebetweendifferent types ofrelative clause thus, the statistical results would
not be providedlIn addition, for the L2 learnersnly the base model which included
the by-subject and byitem randam intercepts could be convergetlo statistically

significant effect could be found (s¢able 4.1.2).
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Table 4. 1.24 The fixed dfects of the model analysisaccuracy scoresof the matched itemsfor L2
learners in metalinguistic knowledge test (decidewhether the sentence matches the picture or not)

Fixed effects Estimate [CI] SE zvalue p-value OR[CI]

ORG vs. OR@ -21[155,1.12] .81  -.26 792 .81 [.21, 3.07]
ORG vs. SRE .20[1.20,1.59] .85 .23 817 1.22 [.30, 4.91]
ORG vs. SRC .38[1.04,1.81] .87 .44 657 1.47 [.35, 6.11]
ORGA vsSREA 41[}.96,1.78] .83 .49 622 1.51[.38, 5.92]
ORGAvs. SRC .60F.80,2.00] .85 .70 482 1.82 [.45, 7.37]
SRdvs. SR@& -19[1.64,127] .88 -21 832 .83 [.19, 3.55]

Note: Model formula:model4=glmer(match_score ~ typg}subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)Warginal R=.01, Conditional R-.48

For mismatched itemshe basic models thahcluded the bysubject and byitem
random intercepts were selected at the bditing model for the data of both the NSs
and L2 learners. For N$® statisticallysignificant effect could be foun@ee table
4.2.2%5). However, the comparison between OR@nd 8CI was found to be reliable
(the 95% CI of the estimatedid not pass through zeroYhe odds ratio predicted the
NSs to be 13.11 more likely to correctly deardeetherthe sentence matches the
picture inthe SRA@ compared tahe ORCA. For L2 learnes, thestatisticallysignificant
effects could be observed in the comparisons between-ORTORCA and between
ORG@ and SRC(see table 4.2.8). The odds ratio of the model suggested that the L2
learners were significantly more likely to correctly decideetherthe sentence
matches the picture in ORE(4.61 times greater likelihood) and SR(6.37 times
greater likelihood) compared to ORGn addition, the difference between the scores
in ORA and SRCwas found to be reliable (the 95% CI of the estintatied not pass
through zero). The odds ratio predicted the L2 learners to be 2.93 times more likely to

respond correctly in SR@omparel to the ORG.
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Table 4. 1.25 The fixed effects of the model analysis accuracy scores of the mismatched items for
native English speakersn metalinguistic knowledge test (decidewhether the sentence matches the
picture or not)

Fixed effects Estimate [CI] SE  zvalue p-value OR[CI]

ORG vs. OR@ -1.40}3.34, .54] 1.18 -1.19 .235 25[.04, 1.71]
ORGvs. SR@ -02[2.10,2.06] 1.26 -01  .989 98 [.12, 7.87]
ORGvs. SRC 1.17[1.31,3.66] 1.51 .78 437 3.23[.27, 38.80]

ORGAvs. SR8 1.38F.55,3.32] 1.18 1.18 .240 3.98 [.57, 27.62]
ORGAvs. SRC 2.57[.19,4.95] 145 1.78 .075 13.11 [1.21, 141.70
SRAvs. SR -1.19F3.67,1.29] 1.51 -79 430 .30 [.03, 3.64]

Note: Model formula:model4=glmenfismatch_score ~ type + (1|subject) + (1]item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Narginal B=.13, Conditional R-.49; bold
typefaceindicates a reliable effect

Table4. 1.26 The fixed effects of the model analysis accuracy scores of the mismatched items for L2
learners in metalinguistic knowledge test (decidewhether the sentence matches the picture or not)

Fxed effects Estimate [CI] SE zvalue p-value OR[CI]

ORG vs. OR&A 1.53[.52,254] .61 2.49 .013* 4.61[1.68, 12.62]
ORG vs. SR@& 1.85[.82,2.88] .63 2.96 .003** 6.37 [2.28, 17.84]

ORGlvs. SRC 1.08[.08,2.077 .60 178  .075 2.93[1.08, 7.92]
ORGAvs. SRE .32[-72,1.37] .64 51 610 1.38 [.49, 3.94]
ORGAvs. SRC -45[1.47, 57] .62  -73 467 641[.23, 1.77]
SRAvs.SRG .78}.26,1.82] .63 123  .219 2.17 [.77, 6.15]

Note: Model formula:model4=glmenfismatch_score ~ type + (1|subject)ditem),
data=meta_score, family=binomial, control = gimerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=.05, Conditional &=.44; bold
typefaceindicates a reliable effect* significantly differently from zero when<.01;
*significantly differently from zero when<.05

4.1.5.2. Analysis ofaccuracy scores in correcting the sentence to match the picture
The secondaskof the metalinguisticknowledgetest was to move one worgithin a
mismatched sentence tmake the sentencenatch the picture. Thus, only the data of

the mismatched items were analysed in this section.

a) Descriptive analysis
The mean$D$ accuracy scorasf the NSs and L2 learners in the sentence correct task

are presented in the table 4.172The table showed that the NSsored higher in SRCs
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relativeto ORCs, regardless of the animacy of teadhnoun. For L2 learners, the mean
score for OR®@ was higher thathe other threestructuresandthe OR@ had the

lowest accuracy among the fourgs ofrelative clauses.

Table 4. 127 Mean (SD$ accuracy score®f native English Speakers and L2 learneiia the sentence
correct task of themetalinguistic knowledge test

Structure NSs L2 learners
SREA (k=2) 75 (.44) .64 (.48)
SR@ (k=2) .78 (.42) .59 (.49)
ORCA (k=2) .64 (.49) .72 (.45)
OR@A (k=2) .68 (.47) .54 (.50)

b) Plots

Figure 4.1.8 shows the plots of the accuracy scores of NSs and L2 learners of the
sentence correction task through the violin plots with the indstxplots For the NSs,
the plots indicated that more participants scored at ceiling in SRCs relative to ORCs
Moreover, the median of the mean accuracy scof®©RCA was the lowest (.75)

among the four types aklative clauses, while tht of the other three structureswas
1.00.1t indicated that for NSs, the ORCwas the most difficult structure.

For the L2 learnershey had more people scored at ceiling in @REmpared to
the SR&\, SRT and ORAQ. In addition, the median of the SR@nd ORC (.50) was
lower than that of the SR& and OR@® (1.00), which suggested that the SIR@d
OR@ were more difficult to L2 learners compared to the other two structures.
Moreover,compared to SR there wee more L2 learners who averagely scored at .50
andfewer individuals who scored at 1.00 in the ORSIructure. Thusthe plots
indicated that for the L2 learners, the OR®as themost difficultstructureand the

ORCA was the easiest ormmong the foutypes of relative clauses
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Figure 4. 1.8 comparisons of mean accuracy scores of each type @lative clauses for native
English speakers and L2 learners in sentena®rrection task of themetalinguistic knowledge test
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c) Examination of effect size

The table 4.1.26hows the withirgroup effect sizes, reflecting the scatéferences
between different structuresExcept one comparison]l the effects weraegligible,
because the 95% CI passbidughzera Reliableeffects were with the L2 learners in
the comparisors betweenthe SREA and ORGE and betweerORCGA and OR( but

they did not reachPlonsky and Oswa®l(2014penchmark of small effect.
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Table 4. 1.28 Within-group effect sizes foj # | E &) [95% CJ in the sentence correction task of
metalinguistic knowledge test

NSs L2 learners
SREA vs. SRC -.07 }.38, .24] .08 .08, .24]
SRCEA vs. ORA A5 F.17, .47] -.13 .29, .04]
SREA vs. ORC .09 F.22, .41] A7 [.01, .34]
SRdA vs. ORA .22 }.10, .55] -.21 [.38,-.05]
SRA vs. ORC 20 .11, .51] .09 |.07, .25]
ORCGA vs. ORC - 13 }.45, .19] .28 [.12, .45]

Note: Bold typefacandicates95% Cithat did not pass through zero

d) Inferential statistical analysis

The inferential statistical analysisas conducted with the generalised mixetfects
model.AIC and LRT results for model selection see Appendix 21.

For NSs, the beditting modelincluded the bysubject and bytem random
intercepts.No statisticallysignificanteffect that wasobserved.

For L2 learners, the beditting model included the byubject random slope of
relative clausetype and the bysubject and bytem random intercets. The comparison
between theOR@ and OR@ was found to be statistically significant. The odds ratio
predicted the L2 learners to be 3.97 times more likely to successfully correct the
sentence to match the picture in the ORRGtemsrelativeto that in the OR& items.In
addition, the comparison between the OR@&nd SR® was found to beeliable
because the 95% CI of the estimatéo= 2.91 [.14, 5.68]) did not pass through zero.
The odds ratio suggested that the L2 learners were more likely to provide a correct

response in SREcomparedio ORA (with a18.33 times greatelikelihood).
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Table 4. 1.29 The fixed effects of the model analysis the accuracy scores of the correctentence
task for native English Speakersn metalinguistic knowledge test

Fixed effects Estimate [CI] SE zvalue p-value OR[CI]

ORG vs. OR@ -29[1.75,1.18] .89  -.32 748 .75 [17, 3.25]
ORG vs. SRE .64[.87,2.14] .91 .69 488 1.89 [.42, 8.50]
OR@vs.SRC .95[58,248] .93  1.02  .307 2.58 [.56, 11.91]
ORGAvs. SRE .92[.61,2.45] .93 .99 323 2.51 [.54, 11.61]
ORGAvs. SRC 1.23}.32,2.79] .95 131  .192 3.44 .73, 16.27]
SRAvs. SR@& -31[1.88,1.25] .95  -.33 741 73 [.15, 3.49]

Note: Model formula:model4=glmer(circle ~ type + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)Warginal R=.02, Conditional R-.66

Table 4. 1.30 The fixed effects of the model analysis the accuracy scores of the correctentence
task for L2 learners inmetalinguistic knowledge test

Fxed effects Estimate [CI] SE zvalue p-value ORI[CI]

ORGA vs. OR@ 1.38[.41,2.34] .59 235 019+ 3.97[1.51, 10.43]
ORG vs. SR@ 2.91[.14,5.68] 1.68 1.73 .084 18.33 [1.15, 292.14
ORGA vs. SRC .49F.46,1.44] .58 0.85 .395 1.63 [0.63, 4.21]
ORGAvs. SRB 1.53[-1.26,4.31] 1.69 0.90 .367 4.61[.28, 74.77]
ORGAvs. SRC -89[.1.94,.16] .64 -1.39 .165  .41[.14,1.18]
SRAvs. SR@ 2.42F.19,5.02] 1.58 1.53 127 11.22[.83, 152.14]

Note: Model formula:model3=glmer(circle ~ type(type|subject) + (1|item),
data=meta_score, family=binomial, control = gimerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=.03, Conditional &.92; bold
typefaceindicates a reliable effect

4.1.5.3 Analysis ofproviding metalinguisticknowledgein the YeasonexplanationQ

task

The third task of thenetalinguisticknowledgetest was to explain the reason for why

the sentence does not match the picturemismatched itemsOnly the data for
mismatched items were analysed.

a) Descriptive analysis

The table 4.131 presents themean S¥)scores of providingnetalinguisticknowledge

The results indicated that both NSs and L2 learners were almost unable to provide the

metalinguisticknowledgefor all the structures.
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Table 4.1. 31 Mean (SD$ scores ofproviding metalinguistic knowledge of native English Speakers
and L2 learners inthe reason explanation task

Structure Natives L2 learners
SRAA (k=2) .07 (.26) .08 (.27)
SRd (k=2) .05(.22) .06(.24)
ORCA (k=2) .07 (.26) .08 (.27)
ORdA (k=2) .10 (.30) .06 (.24)

b) Plots

The figure 4.1.9resents the violin plots with inserte8loxplotsof the scoref
providing metalinguisticknowledge for NSs and L2 learners respectively. The plots
showed that for both NSs and L2 learners, thaority of participantsfailed to provide
the metalinguisticknowledgeacross all the foustructures, and ncsubstantial

difference could be observed in the different structures.

Figure 4. 1.9 comparisons of mean scores of each type oélative clauses for native English
speakers and L2 learners iproviding the metalinguistic knowledge

1.00- V

0.75-

explain
=
3

0.25-

0.00-

SRCanimate SRCinanimate ORCanimate ORCinanimate

type

Native English Speakers

184



1.00- v

0.75-

0.00-
SRCaHimata SRCinalnimata ORCa;ﬂmate ORCinalnimate
type
L2 learners
c) Examination of effect size
The withingroup effect sizes shown in the table 424 .&flect the score differences

betweendifferent types ofrelative clauses for NSs and L2 learners respectively. All the

effectswere negligible becausehe 95% CI passed through zero.

Table 4. 1.32 Within-group effect sizes forj # 1 E M) [65@ CJ| in providing metalinguistic

knowledge
Native Speakers L2 learners
SREA vs. SRC .15 }.15, .46] .06[-.09, .22]
SRCEA vs. OR@ N/A .00 F.16, .16]
SREA vs. ORC -.09 .40, .22] .05 F.11, .21]
SRdA vs. OR& -.15 }.46, .15] -.06 }.21, .10]
SR@A vs. ORC -.15 }.46, .15] .00 F.16, .16]
ORCGA vs. ORC -.09 .40, .22] .06 F.10, .21]

Note: N/A refers to the effect of the comparison could not be estimated
d) Inferential statistical analysis
For the sake of completenesetinferential statisticadnalysis was conducted with
generalised mixegffects modelsHowever, arguably this wa®hnecessaryiven the
exceptionally low scores across both groups of participants in all the relative clause
conditions AIC and LRT results for model selection see Appendix 21.

For NSs (see table 4.1)3&e bestfitting model included the bygubject and

by-item random interceptsThestatistically significant effect and the reliable effects
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(95% CI about the estimatedid not pass through zero) could be found with the
comparisons between the OR@ndeach of the other threetructures However, the
odds ratios of the significant and reliable effects were extremely large (e.g. 5.12e+08)
and had95% CI around them were alsnormous(e.g. 2.22e+16). Thebnormal
results might be attributed to tw@otential reasons. Firsthe variarces between the
scores of each type of relative clause were very sraatl the sample size of the NSs
data was rather smalln addition,numericallythe NSs scored higher in the GRC
(mean=.10)relativeto the SREA (mean=.07), SR@mear-.05) and OR@
(mean=.07). The mean score of the OR@as two times of the SRCwhich might lead
to the statistical comparison between the two groupsingsignificant.Therefore,
althoughthe conditional Rof the model was very high, the results might not be robust,
and might not be able to explain thedependentvariable The statistically significant
effects might not have practical meaning.

For L2 learnerghe random effects of the bedttting modelincluded the
by-subject and byitem intercepts (see table 4.1.34In this model, no statistically

significant effectvasobserved.

Table 4. 1.33 The fixed effects of the model analysis in providingnetalinguistic knowledge for
native English Speakers

Fixed effects Estimate [CI] SE zvalue p-value OR[CI]

ORCAvs. ORC 20.05[2.47,37.64] 10.69 1.88 .061 5.12e+08 [11.8, 2.22e+16]
ORGCAvs. SRE& 12.93[4.44,30.31] 10.56 1.22 221 4.133+05 [.01, 1.45e+13]
ORGAvs. SRC -1.13}25.82,23.57] 15.01 -.08 .940 .32 [6.11el12, 1.72e+10]
SRAvs. ORC 21.18[3.82,38.54] 10.55 2.01 045 1.58e+09 [45.81, 5.46e+16]
SRA vs. SR@A 14.06 [.04, 28.08] 8.52 1.65 .099 1.28e+06 [1.04, 1.56e+12]
SRGA vs. ORE 20.05[2.31,37.80] 10.79 1.86 .063 5.12e+08 [10.03, 2.62e+16]

Note: Model formula:model4=glmer(explain ~ type + (1|subject) + (1]item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"hobyga",optCtrl=list(maxfun=100000)NarginalR=.01, Conditional R=.99; bold
typefaceindicates a reliable effectsignificantly differently from zero when<.05
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Table 4. 1.34 The fixed effects of the model analysis in providingnetalinguistic knowledge for L2
learners

Fixed effects Estimate [CI] SE zvalue p-value OR[CI]

ORGl vs. OR@ .55}.76, 1.86] .80 .69 492 1.73[.47, 6.43]
ORGl vs. SR .55}.76, 1.86] .80 .69 489 1.74 [.47, 6.47]
ORGA vs. SRC .04 [F1.31,1.40] .82 .05 .961 1.04 [.27, 4.04]
ORGAvs. SR& .00 [F1.26,1.27] .77 .01 .995 1.00 [.28, 3.56]
ORCGA vs. SRC -.51}1.82, .80] .80 -.64 524 .60 [.16, 2.23]
SR@vs. SR@ .51F.80, 1.82] .80 .64 520 1.67 [.45, 6.20]

Note: model4d=glmeréxplain ~ type + (1|subject) + (1|item), data=meta_score,
family=binomial, control = gimerControl(optimizer =
"bobyga",optCtri=list(maxfun=100000)Warginal R=.00, Conditional R=.96

4.1.5.4. Summaryof the resultsin the metalinguisticknowledge test
In the first task of thenetalinguisticknowledgetest, deciding whether the sentence
matchedthe picture,the OREA was more difficult for NSs relative to the other three
structures (SR@, SR€ and ORQ), and for the L2 learners, OR@as more difficli
than the other structures (SR&E SR and OR@\). The evidence could be observed in
the descriptive, plots, effect sizes aimflerential statistical results for the mismatched
items.

In the second taslgorrect the mismatchedentenceto match the piture, the
NSs had higher accuracy in SREGgiveto ORCs, but the advantage of the SRCs over
ORCsvas notstatisticallysignificant For L2 learners, the score in the GR@&s
significanty lower than SR@ andORCA. Thus, ORCseemed to behe most difficult
structureamong the four types aklativeclauses for L2 learners.

In the third task, explain why the sentence mismatched the pgtoeither NSs
nor L2 learnerdadthe metalinguisticknowledgeabout the relative clauss Although
for NSs, the inferential statistics showed the score in-OR&Ss significantly higher than
the other structures, it wasnlikelyto have practical meanin@he statistically
significant effectsvere highly likely due tthe small number oparticipantswho took
part in the testand thealmost negligiblerariance between the scored each type of

relative clause and within the scores.
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4.2 To what extent can teaching parsing strategiegwith explicit
information and practicg, exposure alongeor no exposure(tests alone)

develop the learning of relative clauses?

CKAA ASOGA2Y gAff LINBaSyid GKS O2YLI Nhazy
measuredrom pre-, post, and delayed podtests.For each outcome measurexcept

the eyetracking test where oly plots and statistical analysis will peovided the

results will be reported in the following order:

a) Descriptive analysis including the mean score (M) and the standard deviations (SD)
b) Plots about the descriptive results

c) Examination of effectisil S ¢ H)2vith 5%« xranfidence interval (Cl) arouhd

d) Inferential statistical analysis (mixesffects regression models)

e) Summary

Sectiors4.2.1, 4.2.2, 4.2.3, 4.2.4, 4.2\l provide the results of offline

comprehension, sefpaced readingeyetracking, oral productiopand metalinguistic

knowledge respectively.

4.2.1 To what extent are effects observable in offline comprehensithe aural
sentencepicture matchingtest?

The aural sentencpicture matchingtest wasutilisedto measure theoffline
comprehension. The participants of parsing group were expected torave gains in
accuracycomparedto the input flood andhe test-only groups at the post- andthe
delayed postest, and the input flood group was expected to outperform tast-only
group.

4.2.1.1Descriptive analysis

For SRCshe descriptive statisticseeTable 42.1) indicated thatthe parsing group
scored higheat the post and delayed postest compare to the preest, and the input
flood group gained at the delayed pesist for SRE. However, the tesbnly group did

not showsubstantiaimprovementin SRCd-or ORCsll the threegroupsshowed
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gairsat the post and delayed postest.

Table 4. 21 Mean (SD3 accuracy scoredor offline aural sentencepicture matching test

Structure test phase parsing input flood test-only
SROA pre-test .84 (.36) .88 (.32) .85 (.36)
(k=4 or &) post-test .94 (.24) .87 (.34) .89 (.32)
- delayedposttest .96 (.19) .96 (.19) .90 (.30)
SRQ pre-test .87 (.34) .86 (.34) .87 (.34)
(k=4 or &) posttest .90 (.30) .87 (.35) .84 (.37)
- delayed postest .94 (.23) .89 (.32) .88 (.33)
ORCA pre-test .84 (.37) .86 (.35) .83(.37)
(k=4 or &) posttest .93 (.25) .94 (.25) .90 (.30)
- delayed postest .96 (.19) .93 (.26) .91 (.29)
ORG pre-test 77 (.42) .75 (.43) .78 (.41)
(k=4 or &) posttest .88 (.32) .83 (.37) .86 (.35)
- delayed postest .88 (.33) 84 (.37) .89 (.31)

Note: SREA = subject relative claugganimate head; SRIG- subject relative clause
inanimatehead; ORCA = object relative clausganimate head; OR& = object relative
clausec inanimate head® Numbers of items differed between version 1 and varsto
version 3 and version 4 of the tests, respectively; versions w@uaterbalancedcross
pre-, post, and delayed postest, within groups.

4.2.12 Plots

The violin plots withncludedboxplots(see Figure 2.1, 4.22, 42.3 and 42.4) were
created based on the mean scores of all the items of a target structure from each
participant.Looking at thescore distribution of the three groups, the parsing group
had more individualscoling at ceilingat the post and delayed postest phass
compared to theother two groupsfor SREA, SRE, and OR@, but not for OR@A. One
notable exception to this pattern is that for the input flood group, at delayed-pestt
for SREA only, there was a high proportion of individuals who scored at @r eiling,

with only a few who got lower scores
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Figure 4. 2.1 Comparison ofmeanaccuracy scores ofhree learner groups in different test phase for

SRCA structure in offline aural sentencepicture matching test
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Figure 4. 2.2 Comparison ofmeanaccuracy scores ofthree learner groups in different test phase for

SRGI structure in offline aural sentencepicture matching test

100~

score

1.00-
075-
e
g 050~
@
0.25-

parsing input_flood test_only
group

Pretest

parsing

input_fload test_only parsing input_flood test_only

Posttest

group group

Delayed est

190



Figure 4. 2.3 Comparison ofmeanaccuracy scores of three learner groups in different test phase for

ORCA structure in offline aural sentencepicture matching test
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Figure 4. 2.4 Comparison ofmeanaccuracy scores of three learner groups in different test phase for

ORGCI structure in offline aural sentencepicture matching test
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4.2.13 Examination of effect size

Forwithin-group contractsreflecting changover time,(see Table 4.2), all effect size

could be described asxtremelysmall tonegligible(i.e., with upper limits of thei®5%

Clsmallerthan the lowest point of the rangé0.60)F 2 dzy’ R

0oeé

tf2yale

field-general benchmarks, and maanf/the 95%Cls passed through zgrélowever, it

is clear (see the bold typeface in Table.2).2that only the parsing group made reliable,
thoughextremelysmall, gains (where thCls did not pass through zero) across all four

target structures, between preand delayedosttests.In addition, for theparsing

group, extremely smadiains were also observable in pte posttest in SR@, OREA

and ORGE. Two other noteworthyfeatures of these results areThe input flood group

madeextremely small, though reliablere- to posttest gains for OR& structure, pre

to delayed postest gains for SRE, OREA and ORCstructures post to delayed

posttest gains for SRA strudure, and these gains were extremely sméile testonly

groupmade reliable but extremely small gains in the two ORC structirtése

post-test.

Table 4. 2.2 Within-COT OB A ££A A Od) & &) fgr #filine Adrd €entencepicture

matching test

structure group pre-post pre-delayed post-delayed
SROA parsing .20[.05, .36] 28[.12, 44] .08[-.07, .24]
(k=4 or 8 input flood -04[-.20, .12] .21].05, .37] .24[.08, 40|
- test-only 10[-.06, 26]  .11[-.05, 27] .01[-.14, 17]
SR@ parsing .08[-.08, 23] .191[.04, .35] A12[-.04, 27]
(k=4 or 8) input flood .01[-.14, 17] .05[-.11, .21] .03[-.13, 19
- test-only -03[-.18,.13] .03 F.13,.19] .05[-.11, 21]
ORGA parsing .21[.06, .37 29[.13, 45 10[-.06, .25]
(k=4 or 8) input flood .20[.05, .36] 171[.01, 33 -.02[-.18, .14]
- test-only .16[.00, .32 A171[.01, 33 .02[-.14, .18]
ORG parsing .21[.06, .37] .20[.05, .36] 0 [-.16,.16]
(k=4 or 8) input flood A141[-.02,.31] .19][.03,.35] .01F.14,.17]
test-only A3[-.03, 29] .22[.06, .38 13[-.03, 29]

Note: Bold typefaceéndicates that the Glid not pass through zer6Numbers of items
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differed between version 1 and version 2, version 3 and version 4 of the tests,
respectively; versions wemmunterbalancedicross pre post, and delayed podtest,
within groups.

For betweengroup contrats, reflecting differences between groufsee Tale 42.3),
the very small but reliable effects (Cl did not pass through, zerd the upper limitef
the CI reach the benchmarld0, of small effegtwere found in the comparison
between the parsing and the input flood groapthe posttest for SREA structure and
between the parsing and the tesinly group at the delayed postest for SR
structure. However, the changes of Co@ahfrom the pre- to the posttest andfrom
the pre- to the delayed postest did not reach the benchmark of the smalleeff (.40)

across the structures.

Table 4. 2.3 BetweenC O1 OB AEEAAO ORI foj effiing durab sbntericepicture
matching test

parsing vs. parsing vs. input floodvs.
structure testphase )
input flood test-only test-only
pre-test -111[-.33,.11] -.01[-.23, 21] .10[-.12, .33]
SROA posttest .24[.02, .46] .18F.05,.40] -.07[-.29, .15]
(k=4 or 8 delayed postest 041[-.18,.5] .25[-.03, .47] .22][.00, .44]
pre-post d change  .35[N/A] 19[N/A] - 17[N/A]
pre-delayed d change¢ .15[N/A] 26[N/A] 12 [N/A]
pre-test .01[-.21, .23] OF[.22,.22] -.01[-.23, .21]
SRQ posttest JA0[-.12, 32] .19[-.02, .41] .10[-.12, .3?]
(k=4 or 8) delayed postest 20[-.02, .42] .24[.02, .46] .041[-.18, .27]
pre-postd change .09 [N/A] .19 [N/A] .11 [N/A]
pre-delayedd change .19 [N/A] .24 [N/A] .05 [N/A]
pre-test -06 }.28,.16] .01[-.21,.2] .06[-.16, 2§
ORCA posttest -01[-.23, 21] .12[-.10,.34] .13[-.09, .35]
(k=4 or 8) delayed postest A5[-.07, .38] .22][.00, .45] .07 E.15, .30]
pre-postd change .05 [N/A] 11 [N/A] .07 [N/A]
pre-delayedd change .21 [N/A] .21 [N/A] .01 [N/A]
pre-test .04[-.18, .27] -.03[-.25, 19] -.08[-.30, .15]
ORG posttest 14[-.08 36] .08[-.15, 30] -.06[-.28, 16]
(k=4 or 8) delayed postest 12[-.10, 33 -.05[-.27,.19] -.16[-.38,.09
pre-postd change .10 [N/A] 11 [N/A] .02 [N/A]

pre-delayedd change .08 [N/A] -.02 [N/A] -.08 [N/A]
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Note: Bold typefacéndicates thatthe Cldid not pass through zer6Numbers of items
differed between version 1 and version 2, version 3 and version 4 of the tests,
respectively; versions wei@unterbalancedcross pre post, and delayed posiest,
within groups.

4.2.14 Inferential statistical analysis

Model selection

The mked-effedslogistic regressiomodelswere run separately for different language
structures, SRB, SR, OREA, and ORC TheLRT and AIC indicated that themary
modelthat included the fixed effects for the interaction between group and test phase,
and the random intercepts for subjects and itefitted the data best for all four

relative clausestructures.Thus, he resuls of the primary model will be presente@he
AIC and LRT results see Appendix 22.

In order toinvestigate the relationship between eatlio groups, the testonly
group and the input flood group were used as theselinegroup respectivelyagain, it
should be acknowledged that other moefficient coding methods could have been
used however, in this thesigthe dummy coding method was adoptedhe models
with the baseline of the tesbnly group will be reporteéh detailin this ChapterAll the
fixed effects regardless of whether they westatisticallysignificant will be presented.
In addition, he models that used the input flood group as the baselineusex as
supplementarynodels and thefull resultsare given imPAppendix26. For the input
flood baseline modebnly the statistically significant effects that related to the
comparison between the input flood and tiparsing grougvill be reportedin this
Results Chapteas that comparison is arguably the more pertingrgoretically (and
for reasons of spaces).

Model analysis

Table 42.4to Table 42.7 present thefixed effectsfor SREA, SRE, OREA, and ORC
structuresrespectivelyFor SR@ and SRC the statistically significant effeatias
shownin the two-way interaction between tesphase (prevs.delayedposttest) and

group (parsing vaest-only group) It indicated that the parsing grouggnificantly
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outperformed the testonly group in the delayed pogest for SR&A and SRC In
addition, in the models with the baseline of the input flood group, it was found that
compared to the input flood group, the parsing group was 3.59 times more likely to
correctly respond to the SREitems at the postestrelative tothe pretest.

For ORGA and OR( statistically significant effects were foufat the interaction
betweenthe pre- and delayed postest. It could be interpréed as the three group3
scores increaseih the delayed postest overall, but no group significantly betterah
the other.No statistically significant effect could be observed in the model with the
baseline of the input flood groug\ccordingo the descriptive data, for ORA all the
three groups showed improvementhus,the parsing group and theest-only group
contributed to the significant improvement from the préo the delayed postest for

ORG@ structure

Table 4. 24 The fixed effects of the model analysigf accuracy scoregor SRGA in offline
comprehension: auralsentencepicture matching test

Fixed effects Estimate [l SE z p OR[C

Intercept 2.18[1.61,2.76] .35 6.25 <.00I*** 8.88[5.00,15.78]
testvs.parsing -.03[-.68,.62] 40 -08 .936 .97[.51, 1.86]
testvs.input .29[-.39,.97] 42 70  .487 1.34[.67, 2.65]
pre- vs.post A48[-.12,1.09] .37 1.32 .186 1.62[.89, 2.97]
pre- vs.delayed .b51[-.10,1.11] .37 1.37 .171 1.66[.90, 3.05]
testvs.parsingx pre- vs.post- .54[-.35,1.44] 55 1.00 .319 1.72[.70, 4.23]
testvs.input x pre- vs.post - 73[-1.58,.12] .52 -1.42 .157 0.48[.21, 1.13]
testvs.parsingx pre- vs.delayed  1.16[.16, 2.15] .60 1.91 .056 3.18[1.17, 8.59]
testvs.input x pre- vs.delayed .69[-.29,1.68] .60 1.15 .249 2.00[.74, 5.36]

Note: Model formula: modell<-glmer(score ~ group*phase+ (1|subject) + (1]item),
data=new, family=binomial, control = glmerControl(optimizer = "bobyqga")) Marginal
R2=0.07, Conditional R=0.35; pasing = parsing group; input = input flood group; test =
test-only group; bold typefaceindicates a reliable effect*** significantly differently from
zero wheny <.001
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Table 4. 2.5 The fixed effects of the model analysi®of accuracy scoresfor SRCI in offline

comprehension: aural sentencepicture matching test

Fixed effects Estimate[C]|] SE z p OR[d

Intercept 2.33[1.70,2.96] .38 6.10 <.00I1** 10.29 [5.49, 19.28]
testvs.parsing .01 }.65,.67] 40 .02 .982 1.01 [52, 1.94]
testvs.input -.03[-.69,.63] 40 -07 .948 .97 [50, 1.88]

pre- vs.post -.32[-.89,.26] 35 -91 .363 7341, 1.29]

pre- vs.delayed .21 [.41,.83] .38 .56 573 1.24 [.66, 2.30]
testvs.parsingx pre- vs.post 84 F01,1.70] .52 1.62 .105 2.32 [99, 5.45]
testvs.input x pre- vs.post A49F34,1.33] .51 .97 332 1.63[71, 3.76]
test vs. parsingx pre- vs.delayed 1.15[17,2.13] .60 1.93 .054 3.16 [1.19, 8.44]
testvs.input x pre- vs.delayed 21 F.68,1.09] .54 .39 .700 1.23[51, 2.98]

Note: Model formula: modell<-glmer(score ~ group*phase+ (1|subject) + (1]item),
data=new, family=binomial, control = glmerControl(optimizer = "bobyqga")) Marginal
R2=0.04, Conditional R=0.38; pasing = parsing group; input = input flood group; test =
test-only group; bold typefaceindicates a reliable effect *** significantly differently from

zero wheny < .001

Table 4. 2.6 The fixed effects of the model analysif accuracy scorefor ORGA in offline

comprehension: aural sentencepicture matching test

Fixed effects Estimate[C]|] SE z p OR[C

Intercept 1.95[1.42,2.48] .32 6.05 <001+  7.05[4.14, 11.98]
testvs.parsing -.01 }.64,.62] .38 -.02 .983 .99 [53, 1.86]
testvs.test 18 }.47,.82] 39 45 .652 1.19 [63, 2.28]
pre- vs.post- .61 [01, 1.21] .36 1.67 .095 1.84[1.01, 3.35]
pre- vs.delayed 741[11,1.37] .38 1.95 .052 2.10[1.12, 3.92]
testvs.parsingx pre- vs.post b50F39,1.39] .54 .92 .356 1.64 [68, 4.00]
testvs.test x pre- vs.post 35F57,1.26] .56 .62 .533 1.41[57, 3.53]
testvs.parsingx pre- vs.delayed .98 .03, 2.00] .62 1.60 110 2.68 [97, 7.37]
testvs.test x pre- vs.delayed A8 F.75,1.100 .56 .31 .755 1.19 [47, 3.01]

Note: Model formula: modell<-gimer(score ~ group*phase+ (1|subject) + (1]item),
data=new, family=binomial, control = glmerControl(optimizer = "bobyqga")) Marginal
R2=0.07, Conditional R=0.29; pasing = parsing group; input = input flood group; test =
test-only group; bold typefaceindicates a reliable effect*** significantly differently from

zero wheny < .001
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Table 4. 2.7 The fixed effects of the model analysisf accuracy scorefor OR@ in offline
comprehension: aural sentencepicture matching test

Fixed effects Estimate[C]|] SE z p OR[C

Intercept 1.70 [1.15, 2.26] .34 5.05 <.00¥**  5.48[3.15, 9.55]
testvs.parsing - 13 F.77,.52] 39 -33 742 .88 [46, 1.67]
testvs.input -.21[-.86,.43] 39 -54 .586 .81[.42,1.54]
pre- vs.post- 57[03,1.12] .33 1.74 .081 1.78 [1.03, 3.05]
pre- vs.delayed 95[36,1.53] .35 267 .008+* 2.58 [1.44, 4.61]
testvs.parsingx pre- vs.post 28 F.49,1.05] .47 .59 .556 1.32 [61, 2.85]
testvs.input x pre- vs.post .06 [.69,.81] 46 .14 .890 1.06 [50, 2.25]
testvs.parsingx pre- vs.delayed  -.14 [.94,.65] 48 -.30 .766 .87 [.39, 1.92]
testvs.input x pre- vs.delayed -35F1.14,.44] .48 -74 462 .70 [[32, 1.55]

Note: Model formula: modellsglmer(score ~ group*phase + (1|subject) + (1|item), data=new,
family=binomial, control = gimerControl(optimizer = "bobyqa¥grginal R=0.03, Conditional

R=034; pasing = parsing group; input = input flood group; test = tesbnly group; bold

typeface indicates a reliable effe¢t SA Ay A FA O yif & RAFFSNBWIt & FNR
AAAYAFAOLYyGte RATFSNBydGfte FNRY T SNB 6KSy h

4.2.15 Summaryof the results in the offline comprehension
In the offline comprehension test, all the three groups showed some gains at the post
and the delayed podtest. In addition, the parsing growgtatisticallygained more than

the input flood group and the testnly group for SRCs across the time.

4.2.2 To what extent are effects observable amline processing duringelf-paced
reading?
The seHpaced reading tegiSPRyvas used to measurhe onlinereading
comprehensionand the reaction timefRTspf each word were analyseBach itenmin
the testcontainsa picture and a sentence which may matchmesmatchthe picture.
Comparedo the inputflood and the testonly group, he parsing group was expected
to be more sensitivdo the sentencepicture anomalat the post and the delayed
post-test, whichwould result inthe slower R3in reading themismatched items than
the matched items

In this sectionthe RTs of the three critical words (eilg.a SRCestence,Whe cat

that chases the dog is ghe three critical words aréthase§Q4heCand HogQ
197



respectively; in an ORC sentendB)e cat that the dog chases is @iye three critical
words aretheQ¥ogtand WhaseSYespectively) and the average RT of eadiole
sentence are analysed.
4.2 2.1 Descriptive analysis
Table 42.8to 4.211show the descriptiveesultsof SREA, SRT, OREA and ORC
Each tablencludesthe mean RT&aw)with SDs for matched and misnchied items of
the first, second third words and the whole sentence, and mean RTs for the
mismatchedtems that had been subtracted from those of the matched items.
SREA
The parsing groupeemed to gain sensitivity to the senterpiture anomaly at the
posttest, but did not maintairthis at the delayed postest. At the pretest, theyhad
slower RTs for matched items compared to mismatched items at the third critical word
and the whole entence.At the posttest, slower RTs for the mismatched items than
the matched items could bebservedon allthe three critical words and the whole
sentence, and at the third critical word the RT difference was the biggetie
delayed postest, the parsing group showesgnsitivityto the mismatchonly at the
second critical wad, but the Rdifferencewas rather small (15.86 ms)

The input flood grouplid not have salienthangeacross the time. #the pretest,
they read mismatched items slower than the matched items at the first andhihd
critical words, and in the whole sentenaghich indicatedhat they started to be
sensitive to the mismatch at the first critical woldowever, at the postest, although
they had slower RTs for the mismatched items relative to the matched items across the
three critical words and the whole sentence, the RT difference was rather small, which
mightbe a chance findingAt the delayed postest, it seemed that they started to
showsensitivityto the mismatch at the second critical woh the time pointwas
later than that of the pretest.

The test only groupras sensitive to the sentence picture mismatch at the second
and the third critical words at the prest. However, they alwst did not show

sensitivity to the mismatch at the pesand the delayed postest.
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SRdA

For SR4, all the three groups did not have clear gains across the timethe parsing
group, the RT differences indicated that they wesensitiveto the senterte-picture
mismatch at the thirccriticalword (103.01 ms). At the pogest, they had slower RTs in
the mismatched items compared to the matched items at all the three critical words
and the whole sentence. However, the RT differences at the first (28s}4nd the
second (23.03 ms) critical words were rather small, sekitivityto the mismatch
seemshappenedat the third critical word (49.06 ms). At the delayed ptesit, it

seems that they were not sensitive the sentencepicture mismatch for all the three
criticalwords and the whole sentence.

For the input flood groupghey showedsensitivityto the sentencepicture
mismatch at the third critical wordscrosshe time, but the RT differences were rather
small. It seems that they did not gain in sensitivity aftaiming.

For the testonly group at the pretest, they had read mismatched items slower
than the matched items at the third critical word and théele sentence. At the
post-test, they were still sensitive to the mismatch at the third critical words and the
whole sentence, but the RT differences were smaller than those at th&epteln
addition, at the delayed pogest, they were insensitevto the mismatch at the critical
regions and the whole sentence.

ORCA

For OR@ structure, no gains could be observed for all the three groups. The parsing
group and the input flood group showedmesensitivityto the sentencepicture
mismatch at the third critical wordt the pretest. Howeverjt seems thathey wereno
longersensitive to the mismatch anymore at the poahd the delayed pogtest across
the three critical words.

ORG

The parsing grouphowed some gains at the delayed pdsst compared to the

pre-test at the second critical word and the whole senteridewever, even at the

delayed postest, the RT differences between mismatched amatcheditems were
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very small, which might be chantiading.

The input flood groughowed improvement ilsensitivityto the sentencepicture
mismatch at the postand the delayed postest compared to the prdest. At the
posttest, they showedensitivityat the third critical word and the whole sentence,
and they read theanismatchedtems slower than the matched items across the three
critical words and the whole sentence at the delayed gest.

The testonly groupdid notbeamme more sensitive to the mismatch at the pest
and the delayed podiest comparedto the pretest. At the pretest, they had slower
RTs in the mismatched items than the matched items at the third critical word and the
whole sentenceHoweversensitivityto mismatch could not be found at the petstst

and the delayed podest.
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Table 4. 28 Mears (SDs) of the reaction times fothe SRCA (k=10) structure for the whole sentence and the fist, second, third critical wordsin self-paced reading tests

Pretest Post-test Delayed postest
Word parsing inputflood test-only parsing inputflood test-only parsing input flood test-only
matched 422.87 383.76 461.35 361.37 284.64 343.39 340.83 297.29 319.37
Ist | (211.10)  (179.29) (331.30) (174.13) (166.59) (177.42) (144.46)  (137.36) (127.71)
critical mismatchel 411.51 418.04 481.23 370.78 309.90 341.60 330.63 292.88 329.27
(214.39) (222.18) (249.72) (181.72) (141.94) (168.28) (159.60)  (130.90) (144.63)
mismatchedmatched -11.36 34.28 19.88 9.42 25.26 -1.79 -10.20 -4.40 9.90
matched 411.19 397.71 380.53 356.90 315.93 348.59 339.02 314.25 321.57
ond (189.12) (264.82) (149.34) (145.68) (146.80) (135.35) (132.58)  (172.71) (135.71)
critical mismatchel 412.19 386.88 432.72 375.56 319.01 337.89 354.88 358.97 338.25
(189.64)  (139.98) (216.63) (158.77) (166.72) (125.97) (154.40)  (308.43) (139.61)
mismatchedmatched 1.00 -10.83 52.19 18.65  3.08 -10.71 15.86 44.72 16.69
matched 447.33 467.78 436.64 362.46 324.39 353.92 344.88 309.17 378.27
ard | (282.53) (282.34) (249.86) (177.29) (219.45) (183.38) (133.90)  (125.73) (309.95)
critical mismatchel 470.52 512.01 550.54 410.04 335.17 362.84 339.91 332.99 376.85
(303.93) (376.33) (394.74) (235.40) (195.39) (153.11) (139.53)  (183.20) (243.81)
mismatchedmatched 23.19 44.23 113.91 47.58 10.78 8.92 -4.96 23.82 -1.43
matched 452.98 432.27 468.97 397.24 331.07 367.75 378.68 349.00 349.19
(195.38)  (163.33) (213.89) (179.64) (136.11) (136.51) (141.85)  (137.41) (139.03)
whole mismatchel 481.44 479.66 545.45 420.73 343.19 392.70 363.38 375.46 373.58
(240.89)  (185.94) (243.36) (175.88) (121.14) (167.90) (154.12)  (207.43) (176.27)
mismatchedmatched 28.47 47.39 76.48 23.49 12.12 24.95 -15.30 26.46 24.40

Note: Example SR& The cat that chasd§irst critical)the (second critical) do@hird critical)is big the first word of thesentenes(the) wasexcluded in the whole
sentence analysis.
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Table 4. 29 Means (SDspf the reaction times for the SRC (k=10) structure for the whole sentence and the fist, second, third critical words in seHpaced reading tests

Pretest Post-test Delayed postest
Word parsing inputflood test-only parsing inputflood test-only parsing input flood test-only
matched 417.17 427.41 499.85 363.63 307.55 365.68 342.23 314.90 311.65
Lst | (212.04)  (252.92) (337.71) (165.02) (146.90) (240.43) (148.90)  (155.06) (128.26)
critical mismatchel 421.79 436.10 490.08 386.78 305.22 355.59 345.73 320.86 327.10
(209.62)  (221.71) (268.39) (211.66) (138.65) (182.10) (162.55)  (188.46) (157.03)
mismatchedmatched 4.62 8.68 -9.77 23.14 -2.32 -10.09 3.50 5.96 15.45
matched 412.74 419.12 422.11 373.69 332.67 334.64 338.52 342.52 314.30
ond (190.74)  (220.98) (212.42) (183.87) (198.87) (177.16) (151.92)  (191.93) (174.47)
critical mismatchel 403.07 424.02 445.65 396.72 298.71 350.82 352.05 336.72 323.19
(215.80)  (181.81) (210.48) (188.33) (174.18) (177.54) (150.15)  (212.06) (125.28)
mismatchedmatched -9.67 4.90 23.55 23.03 -33.96 16.19 13.53 -5.80 8.88
matched 418.91 459.08 471.91 369.67 324.45 344.86 356.70 344.68 362.97
ard | (209.77)  (255.49) (289.52) (190.94) (165.09) (226.89) (186.20)  (198.21) (246.61)
critical mismatchel 521.93 495.73 596.83 418.73 350.13 392.50 386.62 362.70 373.11
(482.59)  (350.00) (451.47) (260.88) (266.84) (248.77) (274.05)  (233.48) (243.97)
mismatchedmatched 103.01 36.66 124.91 49.06 25.68 47.64 29.92 18.02 10.14
matched 467.01 486.68 500.93 409.62 330.31 377.28 375.63 370.63 358.51
(215.50)  (221.95) (222.75) (184.62) (120.85) (174.29) (153.11)  (182.21) (129.17)
whole mismatchel 488.71 512.99 567.76 447.06 351.91 398.80 397.93 372.02 379.56
(239.69) (233.82) (276.00) (215.92) (159.78) (169.06) (173.21)  (166.54) (176.03)
mismatchedmatched 21.70 26.31 66.83 37.45 21.61 21.52 22.30 1.39 21.05

Note: Example SRICThe car that chasd§irst critical)the (second critical) bikéhird critical)is red; the first word of the sentences (the) was excluded in the whole

sentence analysis.
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Table 4. 210 Means(SDs) of the reaction times for the OR®& (k=10) structure for the whole sentence and the fist, second, third critical words in selfpaced reading tests

Pretest Post-test Delayed postest
Word parsing inputflood test-only parsing inputflood test-only parsing input flood test-only
matched 370.31 370.83 398.65 352.61 301.16 305.42 319.91 292.81 302.57
Lst | (176.18)  (186.44) (156.64) (144.57) (188.90) (103.57) (127.15)  (118.76) (120.17)
critical mismatchel 374.65 351.26 382.34 342.47 299.10 323.50 305.05 301.77 309.89
(131.99) (137.54) (197.81) (133.97) (148.57) (136.22) (91.26) (139.15) (146.97)
mismatchedmatched 4.34 -19.57 -16.31 -10.14  -2.06 18.08 -14.86 8.96 7.32
matched 411.27 420.00 459.45 337.28 303.37 347.43 324.03 313.25 312.27
ond (198.21) (207.13) (233.38) (138.29) (210.74) (155.44) (143.05)  (166.45) (126.18)
critical mismatchel 404.96 393.57 448.78 345.10 311.02 338.04 322.64 322.29 335.85
(170.99)  (192.52) (246.18) (141.25) (152.94) (141.91) (126.96)  (204.16) (170.27)
mismatchedmatched -6.31 -26.43 -10.67 7.82 7.65 -9.40 -1.39 9.04 23.58
matched 461.50 487.15 507.83 392.40 340.10 380.12 364.61 357.68 361.31
ard | (292.91)  (291.01) (349.90) (256.66) (197.89) (258.37) (190.05)  (273.11) (236.26)
critical mismatchel 515.24 528.77 527.97 406.49 353.53 394.14 355.75 332.76 379.64
(370.69) (368.77) (354.71) (229.30) (229.09) (275.88) (152.50)  (192.02) (308.10)
mismatchedmatched 53.74 41.62 20.14 14.08 13.43 14.01 -8.86 -24.92 18.34
matched 461.81 471.70 500.80 390.88 329.13 375.12 380.44 350.65 358.33
(217.52)  (179.71) (211.43) (155.45) (120.41) (150.99) (168.52)  (190.07) (168.23)
whole mismatchel 494.98 484.01 532.68 410.11 353.22 405.64 383.86 372.90 378.73
(215.17)  (213.50) (242.11) (171.63) (157.99) (189.71) (159.93)  (168.51) (182.60)
mismatchedmatched 33.17 12.31 31.88 19.23 24.09 30.53 3.43 22.24 20.40

Note: Example OR@: The cat that thdfirst critical)dog (second critical) chaséthird critical)is big the first word of the sentences (the) was excluded in the
whole sentence analysis.

203



Table 4. 211 Means (SDs) of the reaction times for the ORQk=10) structure for the whole sentence and the fist, second, third critical words in sepaced reading tests

Pretest Post-test Delayed postest

Word parsing inputflood test-only parsing inputflood test-only parsing input flood test-only
match 401.25 384.16 419.46 356.28 288.08 320.78 317.68 301.43 309.84
Lst | (188.51)  (154.26) (206.51) (167.43) (99.56) (130.68) (100.20)  (114.88) (116.39)

critical mismatch 382.72 371.90 377.62 338.28 288.79 317.12 326.97 323.81 327.35
(164.03)  (150.99) (133.96) (127.24) (125.09) (121.43) (125.82)  (162.69) (149.45)

mismatchmatch -18.53 -12.26 -41.84 -18.01 0.72 -3.66 9.29 22.39 17.51

match 439.70 434.67 515.14 381.67 309.52 342.05 322.99 332.84 359.29
ond (242.21) (219.08) (317.47) (164.20) (147.45) (151.43) (105.66)  (182.98) (243.80)

critical mismatch 408.45 406.22 433.80 357.02 318.11 342.14 341.36 369.78 344.89
(204.50)  (279.47) (223.87) (143.03) (198.85) (149.84) (131.64)  (281.23) (162.10)

mismatchmatch -31.25 -28.45 -81.34 -24.64  8.59 0.09 18.37 36.94 -14.40

match 481.84 500.77 527.26 413.41 312.18 403.49 376.90 354.29 366.30
ard | (312.41) (277.80) (353.86) (249.56) (136.26) (268.31) (213.16)  (205.85) (271.89)

critical mismatch 485.91 487.58 564.56 400.68 349.29 380.50 382.51 402.04 394.75
(308.21) (313.76) (390.16) (230.53) (216.14) (279.44) (269.03)  (345.98) (291.19)

mismatchmatch 4.07 -13.19 37.30 -12.73 37.11 -22.99 5.61 47.75 28.46

match 490.38 491.07 517.51 403.77 342.76 399.11 378.42 376.94 373.42
(244.44)  (187.80) (248.12) (171.08) (127.97) (169.75) (141.08)  (171.46) (172.71)

Whole mismatch 495.59 489.36 535.52 42594 372.69 398.38 412.59 395.42 393.90
(253.54) (207.72) (259.02) (185.60) (170.70) (186.12) (177.23)  (216.78) (204.60)

mismatchmatch 521 -1.71 18.01 22.17 29.93 -0.73 34.17 18.49 20.49

Note: Example ORC The car that thdfirst critical) bike (second critical) chaséthird critical)is red; the first word of the sentences (the) was excluded in the
whole sentence analysis.
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4.22.2 Plots

Figures4.2.5 to 4.2.&rethe line chartof residual RT differencd®tween matched
and mismatched itemef SREA, SRT, OREA and ORCstructures respectively. Each
line of a charpresentsthe residual RT differena# a group, calculatettom the mean
residual RTs of the mismatched items minus that of the matched items.

For SR@, at the pretest, overall,the input flood group and the tesinly group
hadbigge residual RT differences than the parsing groAithe first critical word
Ehasefthe input flood and the tesbnly groups showed sensitivity to the mismatch of
sentence and the picturét the third critical word, the tesbnly group had much
bigger residual Rdifferencesthan the other two groupsAt the posttest, the input
flood groupstarted to be sensitivéo the sentencepicture mismatch at the first critical
word, which wasearlierthan the other two groups. At the third critical woklogQthe
parsing group had bigger residual RT differences than the other two groups. At the
delayed postest, theRT differences of the three groups were similar across the three
critical regions, and all the three groups were sensitive to the sentpiatare
mismatch at thesecondcritical word4heQ

For SR, at the pretest, in generalthe testonly group were more sensitive to
the sentencepicture mismatch than the parsirand the input floodgroup.Although
all the three groups showed some sensiivid sentencepicture mismatch at the third
critical word#ikeQthe residual Rdifferencefor the testonly group was much bigger
than the other two groups. At the poseést, the parsing group and the tesinly group
had similar sensitivity to the mismatch across the sentence, while the input flood group
did not. At the delayed podest, the three groups performedimilar and sensitivity to
the mismatch could be observed &gt word after the third critical word.

For ORGA, at the pretest, the three groups had similar residual RT differences
across the sentence. They showed smaasitivityto the sentencepicture mismatch
at the third critical word, and the word after it. fte posttest, the parsing group had
slower residual RTs in reading mismatched items than the matched items at the third

critical word.The input flood and the tesbnly group seemed showed sensitivitythe
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mismatch at the word after thénird critical word. At the delayed posest, the three
groupsshowed similar reading patterns at the critical regions, and sensitivity to the
mismatch wasegligible(or not sensitive at all). The teshly group seemed to be
sensitive to the mismatch at theord after the thirdcriticalword.

For ORd@, at the pretest, the parsing@andthe testonly group showed had slightly
slower residual RTs in mismatched items than the matched items at the third critical
word. At the posttest, only the input flood grougvas sensitive to the sentengacture
mismatch athe third critical word.The parsing and the tesinly group showed
sensitivity to the mismatch at the word after the third critical wofd.the delayed
post-test, all the three groups had slower residé&als in mismatched items than the
matched items across the three critical worégwever, the changes of the residual RT
differences across the critical regions were very small. Sensitivity to the mismatch

could be observed at the word after the criticagren for the parsing and the tesinly

group.
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Figure 4. 25 Comparison ofresidual RT differences (residual mean mismatchegresidual mean matched RTs) of three grouper SRCA structure in self-paced reading
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Figure 4. 2.6 Comparison of residual RT differences (residual mean mismatchgdesidual mean matched RTs) of three groups for SRIGstructure in self-paced reading
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Figure 4. 2.7 Comparison of residual RT differences (residual mean mismatchedesidual mean matched RTs) of three groups for OREstructure in selfpaced reading
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4.2.2.3Examination of effect sizes
Table 4.2.1resents the withirgroup effect sizesreflectingdifferences between
mismatched and matched itenfer the first, second, third critical words and the whole
sentenceat the pre, post, and delayed posést of each group

Overall, most of the effects were negligible, because the 95% CI passed through
zero.The reliable sensitivity to anomaly detectifire., following Avery & Marsden,
2019;d = .19 [.09, .29]at the posttest or the delayed postest couldmainlybe
observedwith the parsinggroup.

For the parsing group, the reliable sensitivity couldobservedn the SR (at
the third critical word) and the SRat thethird critical word and the whole sentence)
items at the postest phase. In addition, for ORGtructure,sensitivityat the delayed
posttest at the second critical word and the whole semte were regarded as reliable.

For the input fled and the testonly group, reliable sensitivity only could be found
at the pretest phase for SRCs. This indicated that these two groups were unlikely to
gain sensitivity across the tinfer these structues Neverthelessthe input flood
group had reliable sensitivity to the mismatch for the @R@ucture based on the
whole sentenceeading timeat the delayed postest. It indicated that the input flood
group might have some gains from the training, bansitivity could not be observed

at the critical words.
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Table 4. 2.12 Within-group effectsizesj # 1 E AT[@®% CIilgtween mismatched and matched itemsfor

residual reaction times in the selfpaced reading test

parsing input flood test-only
- pre-test -06 F.24, .12] .17 }.02,.36] .17 }.02, .36]
1stcritical
word posttest .06 F.12, .24] .19F.01,.39] .00FE.19, .18]
delayed postest  -.04 }.22, .15] -.03 }.23,.16] .02 }.17,.20]
. pre-test -01F.19,.16] .03 F.15,.21] .20[.01, .38]
2 I
”izrr'gca posttest 11[07,.29] -03[.22,.17] -05F.23, .13]
SRAA delayed postest .10 }.09, .28] .12 }.07,.32] .11 }.08, .30]
(k=10) 3rd critical pre-test .06 F.11, .24] .08 F.11,.26] .29[.10, .48]
word posttest A191[.01,.38] .13 F.06,.33] .07 F.11, .26]
delayed postest  -.01}.19,.18] .09 [.11,.28] .04 [.15, .22]
Whole pre-test .08 F.10, .26] .25[.06, .44] .36[.17, .55]
sentence post-test A5 F.03,.33] .12 [F.07,.32] .12 F.07,.30]
delayed postest  -.09 }.28,.10] .11 F.08,.30] .16 [.03, .34]
" pre-test .02 F.16,.19] .08F.11,.26] -.04F.22,.15]
1stcritical
word post-test A1 F.07,.30] -.02F.22,.18] .03F.16,.22]
delayed postest .00 }.19, .19] .00 F.20,.19] .12 F.07,.13]
" pre-test -14 }.31,.04] .05F.13,.23] .13 F.06, .32]
ijvzrr'gcal posttest 15F.03, .33] -19.39,.00] .09 [.10, .28]
SRA delayed postest .10 [.09, .29] -.02[}.22,.17] .10F.09, .29]
(k=10) 3rd critical pre-test .06 F.12,.24] .02 F.18,.21] .23[.04,.42]
word post-test 21[.03,.39] .06 F.14,.25] .16 }.03, .35]
delayed postest .09 }.10, .28] .01 F.19,.20] .00 .19, .19]
Whole pre-test .04 F.13,.21] .12 F.07,.30] .24].05, .43]
sentence posttest 23[.04, .41] .19][.00,.39] .17 F.01, .35]
delayed postest .15 F.03,.34] .00F.19,.19] .14 .05, .32]
. pre-test .08 .09, .26] -.09 }.27,.10] -.19F.37,.00]
1stcritical
word post-test -03 .20, .15] .04 F.16,.24] .10FE.08, .29]
delayed postest  -.07 }.26, .11] .04 }.16, 24] .04 [}.15, .22]
ORCGA
(k=10) ond critical pre-test -02 .20, .15] -.10F.29,.08] -.05F.23,.14]
word post-test .04 F.13,.22] .08F.12,.27] -.02F.21, .18]
delayed postest .09 }.09, .28] -.04 }.24, .15] .07 }.12, .26]
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3rd critical pre-test .08 .10, .27] .06 }F.13,.24] .04 }.15, .23]
word posttest A1 F.07,.30] .07 F.14,.27] .04 |16, .23]
delayed postest .06 F.13, .25] -.11F.31,.09] .01F.18, .20]
Whole pre-test .20[.03,.38] -.02F.20,.17] .03 F.16, .21]
sentence post-test 13 F.05,.31] .15F.05,.35] .14 }E.05, .33]
delayed postest .09 }.10, .28] .16 }.03, .35] .16 [}.03, .35]
" pre-test -12 }.30, .06] -.11F.30,.07] -.14 .33, .05]
1stcritical
word posttest -07 F.25, .11] -.01F.20,.19] -.01F.20,.17]
delayed postest .09 [.09, .28] .13 }.06, .33] .06 .13, .25]
" pre-test -16 }.34,.02] -.13}F.32,.05] -.13F.32,.06]
Znsvzrr'gca' posttest -15[.33,.03] .03}.16,.23] -.01F.20,.17]
ORG delayed postest 22 [.03,.42] .12 F.07,.32] .00F.19, .19]
(k=10) ard critical pre-test .09 F.10, .27] -.08 }F.27,.11] .07 }.12, .26]
word posttest .00 F.17,.18] .12F}.08,.32] -.08F.27,.11]
delayed postest .05F.14, .24] .12 }.07,.32] .07[-.12,.26]
Whole pre-test .02 .16, .19] -.01F.19,.18] .06 [.13, .24]
sentence post-test A4 F.04,.32] .22[.02,.42] .00F.18, .18]
delayed postest 20[.02,.39] .07F.12,.26] .12F.07,.31]

Note: Bold typeface refers to the effectadicating the reliable sensitivity to the sentenpeture

anomaly

213



4.2.2 4Inferential statistical analysis

The mixed effects models were usedconduct the inferential statistical analysistbe
residualRTs in selpaced reading tesis stated in the Methodology and Methods
Chapter, the analyses of the online measures were moréy ltkebeexploratory than
confirmatory. Thusthe random effects only included the {sybject and the bytem
intercepts (formulamodell=Imerfesid~ group*stage*match_mismatch + (1|subject)
+ (1)item), data=SPR, control = ImerControl(optimizer = "bobyoptCtrl = list
(maxfun=100000)))

Theresidual RTef the first, second, thiraritical wordsand the whole sentence of
eachtype ofrelative clausewere analysedseparatelyThe models with the baseline of
the testonly group and the input flood group will be reportedparatelyFor he full
model results se@ppendix27 (baseline of the tesbnly group) and Appendix&
(baseline of the input flood group).

SREA

At the first critical word (verbmarginal R=.01, conditional R=.01), the statistically
significant effectsvere found with the comparison between match and mismatzf((]
=9.02[2.07, 15.97, SE=4.23 t =2.14, p =.033), which indicated that in general, all
the group as a whole had slower residual RTs in mismatched items than the matched
items regardless of the test phase. In additiarthreeway interaction between gnap
(test-only vs. parsing), test phase (gest vs. postest) and match or not (match vs.
mismatcl) were foundto bereliable because the 95% CI of the estimhbtdid not pass
through zeroIf [Cl] =13.59 [.04, 27.17], SEB.24,t =1.65,p =.099), though the

value was more than .05. In the model with the baseline of the input flood group, no
meaningfulstatisticallysignificant effect could be found.

At the secondcritical word the) (marginal R=.01, conditional R=.01), the
participants as a whole had statisticadignificantslower residual RTs in reading
mismatched items than the matched items, regardless of the test phaj€al}(=8.07
[1.55, 14.58], SE3.96,t =2.04,p =.042). Compared to the tesinly group, the

parsing group had significantly slower residual RTs in the mismatched items than
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matched items at th posttest relative to the preest (b [Cl] =14.64 [2.06, 27.23], SE
7.65,t =1.91,p =.056).No gatistically significant effectould be observed in the
model which had the input floodroupas the baseline.

At the third critical word rfoun) (marginal R=.02 conditional R=.04), the
statisticallysignificant effects were found with the comparison between matched and
mismatched items, regardless group and test ph&d€(] =11.15 [2.06, 27.23], SE
4.59,t =2.43,p <.001). In additioncompared to the tesbnly group,overall,the
parsing grop (b [Cl] =14.40 [24.90,-3.90], SE6.38,t =-2.26,p =.024) and the
input flood group 6 [Cl] =-13.72 [24.44,-2.99], SE6.52,t =-2.10,p =.035) had
significantlyfasterresidualRTs in mismatched items than the matched items.
Compared to tk pretest, theparticipantsas a whole had significantlgster residual
RTs irmismatchedtems in matched items at the posgst (b [Cl] =-15.17 [25.97,
-4.38], SE6.56,t =-2.31,p =.021) and thalelayed postest (b [Cl] =-15.46 [26.27,
-4.65], SE6.57,t =-2.35,p =.019).Moreover, a threeway interaction between the
group (testonly vs. parsing), test phase (pkes. post) and match or mismatch (match
vs. mismatch)([Cl] =20.43 [5.50, 35.36], S89.08,t =2.25,p =.025)had statistically
significant effectNo statistically significant effects could be found in the model with
the input flood group as the baseline.

In the whole sentencémarginal R=.02 conditional R=.03), the comparison
between matched and mismatchegms were found statistically significart [CI] =
15.79[9.82, 21.77], SE3.63,t =4.35,p <.001). The statistically significant tweay
interactions were: tesbnly vs. parsingmatch vs. mismatctb(CI] =11.93 [20.00,
-3.87], SE4.90,t =-2.44,p =.015), pre vs. post. match vs. mismatctb(Cl] =-11.52
[-19.75,-3.28], SE5.01,t =-2.30,p =.022), and prevs. delayed post match vs.
mismatch b [CI] =10.03 [18.22,-1.84], SE-4.98,t =-2.21,p =.044). In addition,
compared to the tesbnly groupthe parsing group had significantly slower residual
RTs in mismatched items relative to matched items at the-pesttthan the pretest [
[CI] =13.92 [2.47, 25.37], SE6.96,t =2.00,p =.046).In the model of the input flood

group as the baseline, no statistically significant effetdted to the comparisons
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between the input flood and the parsirggoupcould be observed.

SRa@

At the first critical worderb) (marginal &=.01 conditional B=.04), no interaction
that related tosensitivityto sentencepicture mismatch had statisticalsrgnificant
effect in both testonly and the input flood baselines models.

At the second critical wordHe) (marginal R=.01 conditional R=.03), atwo-way
interaction between group and match or mismatch was fostatisticaly significant
(test-only vs. parsing: match vs. mismatbHCl] =-10.78 [19.69 -1.86], SE=5.42,t =
-1.99,p =.047). The model which adopted input flood group as the baseline showed
that compared tahe input floodgroup, the parsing group read significantly slower in
mismatched itemselativeto matcheditems at the postest than the pretest (0 [Cl] =
20.17 [7.39, 326], SE=7.77,t =2.60,p =.009).

At the third critical word foun), (marginal R=.01 conditional &=.06), the
statistically significant effeatas found with the comparison between match and
mismatch b [CI] =13.71[5.45 21.97], SE=5.02 t =2.73, p =.007). Inaddition, all the
groups as a whole had significantly shorter residual RTs in mismatched &iatnge to
matched items at the delayed pettst compared to the praest (b [Cl] =-12.77
[-23.50 -2.04], SE=6.52,t =-1.96, p =.050). In the model with the input flood group as
the baseling no statistically significant effect could be observed.

In the whole sentencémarginal R=.02 conditional R=.08), the comparison
between matched and mismatched items wdoeind significantlysignificant b [CI] =
10.60[4.06 17.14, SE=3.98 t =2.67, p =.008). In addition atwo-way interaction
between the group and match onismatchwasfound to be statistically significant
test-only vs. parsing: match vs. mismattt{Cl] =-9.14[0.03, 21.63], SE4.72 t =
-1.94, p =.054). In the modelwith the baseline of the input flood groughere was no
statistically significant effe¢hat could be found.

ORCA
At the first critical wordthe) (marginal R=.01 conditional B=.02, there were two

two-way interactionghat were found statistically significantest-only vs. parsing:
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match vs. mismatch(Cl] =9.94 [1.69, 18.18], SE5.01,t =1.98,p =.048) and
pre-test vs. posttest: match vs. mismatchb(Cl] =10.82 [2.39, 19.25SE=1.53,t =
2.11,p=.035). In additionathree-way interaction between the group (tesinly vs.
parsing), test phase (pitest vs. posttest) and match or mismatch (match vs.
mismatch) had statistically significant effebfClI] =14.90 [26.57,-3.22], SE7.10,t
=-2.10,p =.036). No statistically significant effect could be observed in the model
which had the input floogjroupas the baseline.

At the second critical worchpun) (marginal R=.01 conditional R=.02), no
statisticallysignificant effect could be found with the model that either had the
test-only or the input flood group as the baseline.

At the third critical word\erb) (marginal R=.01 conditional R=.02), neither the
modelthat had the testonly group as the basek nor had the input flood group as
the baseline had the statistically significant effect.

In the whole sentence (marginaf R 01 conditional R=.03), ro statistically
significant effects could be observed with the model that had the-tegy groupas
the baseline and the model that that had the input flood group as the baseline.
OR@

At the first critical wordthe) (marginal R=.01 conditional R=.04), there was no
statisticallysignificanteffect that could be found with the model that hadethestonly
group as the baseline and with the model whose baseline was the input flood group.

At the second critical worchpun) (marginal R=.01 conditional R=.02), the
three groups as a whole had reliable faster residual RTs in reading mismétahed
compared to the matched item$ (Cl] =-8.18[-15.31,-1.04], SE=4.34,t =-1.89 p
=.060). In the model with the baseline of the input flood grounm statistically
significant effect related to the comparison between the input flood group adipg
group could beobserved

At the third critical worderb) (marginal &=.01 conditional &=.05), one
three-way interactionbetween group (tesbnly vs. input flood), test phase (ptest vs.

posttest) and match or mismatchm@tchvs. mismatch) watund significant b [CI] =
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19.20 [2.91, 35.49], S89.90,t =1.94,p =.053). No statistically significant effects
could be found in the model with the baseline of the input flood group.

In the whole sentencémarginal R=.01 conditonal B=.07), no statistical effect
could befound in the model with the baseline of the teshly or the input flood group.
4.2.2.5Summaryof the results in the selpaced reading test
In summary, éaching parsing strategisgemed tofacilitate sensitivityto the
sentencepicture mismatchn SRCsvhichwas seen irthe within-group effect sizes
and theinferential statistical resultsret, the teaching effects couthly be observed at
the posttest anddid not last througto the dehyedpost. The withirgroup effect
sizes, reflecting differences betweére residual RTs of mismatched and matched p
group per testphase, showed thahe parsinggroupwasnot sensitive to the
sentencepicture mismatch at any critical word or the whatentence at the preaest.
However, they showed the reliable sensitivity to the mismatch at the-pesdtat the
third critical word for SR@ and SRC and in the whole sentence for SRTheother
two groups mighhave beersensitive to the sentencpicture mismatch at the préest,
but sensitivitywas notobserved at the postand delayed postest. In addition, the
inferential statisticsindicated thatfor SREA, the parsing group had more gains in
sensitivityto the mismatch than the tesbnly group in thecomparisorbetween the
pre- and the posttest at all the three criticalegions and the whole sentence. However,
it must be acknowledged thahese significant effects might not oriye becausehe
parsing goup changed over time, but might alstue to the testonly groupbeing
sensitive to the mismatcht pretest but did notshowsensitivity at the postest (see
4.2.12). For SRICthe statistical results indicatean advantage of the parsing group
over theinput flood group irnterms ofsensitivity to the mismatch at the second critical
word at the posttest.

For ORCs, the descriptive results and the effect sizes between the mismatched
and matched items showetthat the parsing group did n@ain at the postand
delayed postest. In addition, the effect sizes showed that the input flood group

showedreliable sensitivityo the mismatch at the postest for OR& based on the
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average residual RTs of the whole sentence, which indicated that the input floog gr
might have gained from the traininghe inferential statistics also suggested that the
input flood groupread mismatched items significantly slower than the matched items
relative to the testonly group at the third critical word, in the comparisorntween the
pre- and the posttest. However, this statistically significant effect might dué¢he

input flood readthe matched itemsslower than the mismatched items at the piest,
and the withingroup effect size of the input flood group at thrd critical word was

negligible. Thus, the significant effect might be a chance finding.
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4.2.3To what extent, and at what point in the sentence, are effects observable in
online comprehension as measured by eye movemsht

The visual world ey&racking tests were used to test the online comprehension. Each
critical item in the test contained three critical words, a verbaaticle theQand a
noun(in a different order for SRCs and ORTs¢ fixationproportions of lookimg at the
targetsfrom the onset of the first critical word to the offset of the third critical word
were analysed.

Sectiors4.2.3.1 t0 4.2.3.4 present thesultsof SREA, SRT, OREA and ORC
structuresrespectively. In each sectiolme plots of pre, post and delayed postest
including the fixation proportiosiof looking at the targets and distractors from 200ms
beforethe onset of the first critical word and lasting for 3000mprisvided and
analysed initiallyln each plot, the offsets of therét, second and the third words are
indicatedwith vertical lines.

Then, the mixeeeffects growth curve analysis was used to conduct the inferential
statistical analysid-or each target structure, theesultsfor each criticalvord starting
from the word onset and lasting until the onset of the next critical word are presented
separatelyThe models with the baseline of the testly group and the input flood
group are reported separately. As illustrated in Section 3.4.1.2l@ttng the time
vector, the primarymodel only includd the first-order time vector, and the second
third-time vectorswere added step by step. However, for the critical witha:Q)
because the length of this word waess than 150 mghe maximumof the
secondtime order vector could be addedheformulasfor the models with different
time vectors are shown below.

Linear time vector modefjca_modell = Imer(e_log ~ (otl)*phase*group + (1 | subject)
+ (1 | trial), control =
ImerContol(optimizer="bobyga"),data=eye_data)

Quadratic time vector modegica_mode? = Imer(e_log ~ (ottot2)*phase*group + (1

| subject) + (1 | trial), control =

ImerControl(optimizer="bobyqga"),data=eye data)
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Cubic time vector modegica_modé3 = Imer(e_log ~ (ottot2+ot3d*phase*group + (1

| subject) + (1 | trial), control =
ImerControl(optimizer="bobyqga"),data=eye_data)

The AIC and LRT results for selecting time vectors are shown in Appendixt@a. For
details for the model results se&ppendix29 (baseline of the tesbnly group) and
Appendix30 (baseline of the input flood group).

4.2.3.1eyetracking results for SR structure

Analysis of fixationproportion

Figure 42.9indicatedthat for SREA, thetwo training groups (i.e., the parsing and the
input floodgroup) did not havesubstantialgainsacross the three test phases, in terms
of the moment at whictihe proportion of looking at the targets diverged from looking
at the distractorsFor the parsing group, they fixat®n the target picture before the
end of the first critical word across the prepost and delayed postest, and the
proportion of lookng at the targets and distractors diveryat around 500 ms after the
onset of the first critical word. For the input flood grodbey even fixated on the
target pictures later at the posaind delayed postest comparel to the pretest.
However, the tesbnly group indeedixated on the targets earlier at the pesst
compared to the preest. At the pretest, they started to continuously looking at the
targets at the third critical wordat around 700 ms after the onset of the first critical
word). Thedivergent point moved forward to the first critical word (at arou@0 ms
after onset of the first critical wordgt the posttest, but moved back to the third
critical word at the delayed pogest.

Model analysis

For the first critical wordthe AIC idicated that the model with the linear time vector
fitted the data bes, but the LRT suggested that the model with the combination of
linear, quadratic and cubic time vector was the best fitting ez (Appendix 20
However, as the line cins shown, thefixation proportion of looking at the targets had
more than one bend, so the model with the cubic time vector might fit the data better

than the linear one. Thus, the cubic model was adoptedrgjinal B=.00 conditional
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RP=.01). Neither the model with thaseine of the testonly group nor with the
baseline of the input flood group hadatisticallysignificant effecs.

For the second critical word, thmodel with thelinear time vector was the best
fitting (marginal R=.01 conditional R=.01). A two-wayinteraction betweertest
phase (prevs. delayed postest) and grouptést-only vs.input flood group wasfound
to be statistically significarfb =.35[.13,.56], SE=.13,t =2.66,p =.008).In additionin
the model with the baseline of the input flood groupe interaction between test
phase (prevs.delayedposttest) and group (input flood vs. parsing group) heliable
effects p =-.23[-.44,-.02], SE=.13,t =-1.83 p=.067), as the 95% @foundthe
estimateb did not pass through zero.

For the third critical wordthe AIC and LRT results confliciede Appendix 20)
The AIC indicated that the model with linear time vector fits the model best, while the
LRT suggested that both the modellwihe quadratic and with the cubic fitted the
data better than the one with lineaBased on the plots, the lines of the third critical
words had more than one bendhis,the model with cubic time vector was adopted
(marginal R=.00 conditional R=.01). No statistically significant effects could be
observed in the model with tesinly groupbaselineor with the input flood group

baseline.
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Figure 4. 2.9 The fixation proportion of looking atthe target and distractor for SREA

Example sentence (SR 07
The cat that chases (verf '
the dog (noun) is big.

0.6-

group

—*— target_parsing

-+ distractor_parsing
- target_input_flood
-+- distractor_input_flood

fixation_proportion
&

“E- target test_only
- distractor_test_only

0.3-

DH—)THﬁﬁﬁ} 2000 3000

verb the noun time_window

Pretest
087 group 0.6- group
c ) c
:% —=— target_parsing :E —*— target_parsing
gl - distractor_parsing =1 . % distractor_parsing
2 = 3
QI -® target_input_flood D'I -® target_input_flood
5 ~+- distractor_input_flood 5 i ~+- distractor_input_flood
= = 1 - -
;.g 0.4- B target_test_only ;.g 04- ES “B- target_test_only
- distractor_test_only : - distractor_test_only
1
1 ;
! '
! 1
| *3& 8
' i TR AT
: i ny TEE
02- 02- : : faart
1 1 1 H 1 " l 1
2000 3000 2000 3000
verb the noun Ume_window verb the noun time_window
Posttest Delayestpost

Note:red vertical line: offset of the first critical word; blue vertical line: offset of the second critical word; puaniealline: offset of the third critical word
223



4.2.3.2 eyetracking results for SRCstructure

Analysis offixation proportion

Hgure 42.10presents the fixation proportiosiof looking at the targetand distractos
for SR@ structure. The line charts indicated that the three groups fixdtn the target
pictures earlier at the postand/or at thedelayedpost-test comparel to the pretest.
At the pretest, dl the three groupslid notfixate on the target picture until the third
critical word. At the postest, it could be observed that the parsing group and the
input flood group started to fixate on the target pictupbefore the end of the first
criticalword. On theother hand, the testonly groupcould only starto continuously
look at the targets during th#hird criticalword. At the delayed postest, the
eye-movement pattern was similar for the three groups. They started to fixate on the
target picture during the second critical word.

Model analysis

For the first critical wordthe AlCsuggestedhat the linear model fitted the data best,
while the LRT indicated the model with cubic time vector was the-titisig one.
Considering the lines of the firstiticalword has more than onbend, the model with
cubic time vector was selectethérginal R=.00 conditional R=.00).In the model of
the testonly group as the baselinehe results indicated thaas a whole, the input
flood group had smaller proportion of looking at the targets compared to thedabt
group (test only vs. input floodr=-.10[-.18, -.02], SE=.05,t =-2.00, p =.046). In
addition, two two-way interactions between test phasa@group (prevs. posttest:
test-only vs. input flood grou =.13[.02, .24], SE =07,t =1.93 p = 0.(b3; pre- vs.
delayedposttest: testonly vs. input flood grouo = .12[.01, .23], SE =07,t = 174,p
=.084) and a threawvay interactionbetween the first time vector, test phase and group
(linear time vector: prevs. posttest: testonly vs. parsing group:=-.43[-.81, -.04], SE
=.23,t =-1.84, p =.067) were found to be reliable. However, the threey reliable
effects found with tle parsing and the tesinly group might not have practical
meaning. Théower fixationproportion of looking at the targets of the parsing group

relative tothe testonly group in the comparison between the pend the posttest
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might reflect theproportionsbetween100 ms to 300 ms after the onset of the first
critical word. iring that time period, the two groups had the fixation proportions to
the targets lower thani0 at both the pre and the posttest phaseln the model with
baseline of the input dlod group, a comparison between the input flood and the
parsing groupl{= 09[.01, 17], SE =05,t = 190, p =.058) and a threavay interaction
between the linear time vector, test phase and grolipe@ar time vector: prevs.
post-test: input floodgroupvs. parsing grou =-.39[-0.81,-.04], SE 23,t =-1,70,p
=.089)were found to have reliable effects.

For the second critical word, the linear time vector model was the best fitting
model(marginal R=.01 conditional B=.01). The interaction between the firsirder
time vector and preto posttest (regardless of the groupyassignificant(b =-.37[-.64,
-.10],SE=.16,t =-2.24, p =.025).In the model with the input flood group as the
baseline, no statistically signiict effect could be found.

For the third critical wordthe model with linear time vector was selected
(marginal R=.00 conditional R=.00). No statisticdy significanteffect was foundn

the model with the testonly groupbaselineor with the input flood group baseline
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Figure 4. 2.10 The fixation proportion of looking at the target and distractor for SRC

Example sentence (SRC
The car that hits (verb) the
bike (noun) is white.
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4.2.3.3 eyetracking results for OR@ structure
Analysis of fixationproportion
The fixation proportions of looking #te targets and distractos of OREA are shown in
figure 42.11 In general, the three groups fixat®n the targets slightly earlier at the
post anddelayedposttest comparedto the pretest. At the pretest, all the three
groupsstarted to fixate on the target pictusafter heaingthe third critical word and
the input flood groupfixated on the targets earlier than the other two groups the
posttest, the input flood group and the tesinly group fixate on the targets at end of
the seconccriticalword. In addition, the divergent point of looking at the targeind
distractors stilloccurredat the third criticalword, butit showed around 300 msarlier
thanat the pretest. At the delayed podest, all three groups started to fixate on the
targets at the end bthe second critical word.
Model analysis
For the first critical wordthe AIC indicated that the model with the linear time vector
fitted the model better, but the LRT suggested that the model with quadratic time
vector was better tharthe linear one. As shown in the plots, during the first critical
word, more thanone bend could be observadthe lines. Tius, the modelvith the
quadratic time vector was adoptech@rginal R=.01 conditional B=.01). No
statistically significant effects could be observed in both models (i.e., the model with
the baseline of the tesbnly or the input flood group).

For the second critical worthe results of the AIC and LRT were conflicted. The
AIC suggested that the model with linear time vector was the-biistg one, while
the model included cubic time vectaras selected by the LRT. Looking at the plots,
more than one bend could be observed in the lines, sadseltsof the cubic one
would be reported tharginal R=.00 conditional R=.01).However, both the tesonly
group baseline model and the inpub@id group baseline modelid not have
statisticallysignificant effecs.

For the third critical word, still, the models suggested by the AIC (the linear time

vector) and the LRT (the cubic time vector) were different. Consiglihre plots, the
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model withthe cubic time vector was selecteahérginal R=.00 conditional R=.00).
The negative significant effect wamind in the interaction betweethe lineartime
vector and thegroup(Linear time vector: tesbnly vs. input flood groug =-0.31
[-0.56,-0.07], SE=0.15,t =-2.08,p = 0.038).The model with the input flood baseline

did not have statistically significant effects.
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Figure 4. 211 The fixation proportion of looking at thetarget and distractor for ORCA

Example sentence (ORQ: 07~
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4.2.3.4 eyetracking results for ORCstructure

Analysis of fixationproportion

Figure 42.12 presents the fixation proportions of looking at target alistractor for

the OR@ structure.Compared to the praest, the three groups fixatkon the targets
earlier at the postand the delayed podest, and there was no saliedifference
between groups at each test phase. At themst, the three groups started to fixate
on the target picture at the third critical word. At the pestnd the delayed postest,
they fixated on the target picture at around the end of the second critical word, which
was about 200 ms earlier that the pre-test.

Model analysis

For the first critcal word, the linear time vector model was the best fitting one
(marginal R=.01 conditional B=.01). A reliable effectvas foundwith the interaction
betweenthe lineartime vectorand thegroup (test-only group vs. parsing grou(® =
-.31[-.59,-.03], SE=.17,t =-1.81, p = 070). In the model with the baseline of the input
flood group, a tweway interaction (linear time vector: input flood vs. parsing grdup:
=-57[-.86,-.28], SE= .18,t =-3.19 p=.001) and two threeway interactionsl{near

time vector:pre- vs. posttest: input flood vs. parsing group:=.54[.12, .95], SE= 25,

t =2.17,p=.030;linear time vector: prevs.delayedposttest: input flood vs. parsing
group:b=.31.08, .91], SE= .25t =1.97, p =.049) were found to be statistically
significant. However, significant effects indicated the higher proportion of looking at
the targets of the parsing group over the input floggup might not be meaningful
Looking at the line charts, it could bbservedthat across the three tegbhases, the
proportions of looking at the targets of the input flood weakvaysunder .50 at the

first criticalword. For the parsing group, at the pedstst, although thgoroportion was
higher than .50 during the first crititaord, there was a sharp decline $bghtlyless
than .50 at the second critical word. This indicated that the fixation on the targets at
the first critical word might jushave beerby chanceAt the delayed postest, at the
first critical word, theproportions of looking at the targets were below .50 for both the

parsing and the input flood group.
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For the second critical word, the linear time vector model was selgatedginal
Rf'=.00 conditional R=.01). No statisticdy significant effect could be found in the
model with the testonly group baseline or with the input flood group baseline.

For the third critical wordthe AIC suggested the linear model fitted the data best,
while the LRT suggested the model with the quaidraime vector was the beditting
one. Considering the bends of lines in the plots, the quadratic model was selected
(marginal R=.00 conditional R=.01).A two-way interaction was found to be
statisticallysignificant(linear time vector: tesbnlyvs. input flood groupb =-0.36
[-0.63,-0.09], SE0.16,t =-2.23,p = 0.026) In the model with the baseline of the
input flood group, a tweway interaction (linear time vector: input flood vs. parsing
group:b =.39[-.85,-.10], SE=0.16,t =2.41, p = 0.AL6) and a threeway interaction
(linear time vectorpre-test vs. postest: input flood vs. parsing group:=-.48

[.12, .66], SE 023,t =-2.08 p = 0.(7) hadstatisticallysignificant effects.
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Figure 4. 2.12 The fixation proportion of looking at the target and distractor forORCI
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4.2.35 Summary ofthe results in theeye-trackingtests

Descriptive aalysisfrom visual inspectiongroportion and timing of fixations on
target)

In summarythe line charts of the four structures indicated that the changes of
eye-movement pattern towards the targets across the time were similar forttinee
groups. Excepor the SREA structure where theparticipantsalready fixatel on the
targets at the first critical word at the p#est, for the other threestructures all the

three groups showed somemprovementin the time of looking at the taegs at the

post- and delayed postest. The effects of teaching parsing strategies or the input
flood training were nosubstantialin the eyetrackingdata.

Model analysis

In summary, for all the structurealthoughafew statistically significant effects were
observed, most of thenwere not meaningfulThe onlyseemedmeaningfulsignificant
effectwasthe interaction between the time vector, the test phasad the group for

the ORA@ structure, which indicatethat at the third critical word, the compared to the
pre-test, the input flood group had higher proportion of fixation to the targets than the
parsing group at the pogest. Howeverlooking at the line chartsn fact,the input

flood groupdid notfixate on tte targets earlier than the parsing groapboth pre and
the posttest. Thus, this significant effect might not be robust enough to demonstrate

the input group had more gains than the parsing group.
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4.2.4To what extent are effects observable the oral productiorn?

Thepicture description tests were used to examine oral productenmdthe accuracy
scores were calculatedh this test, the parsing group was expected to have higher
accuracy scores than theput flood and testonly groups at postand delayed
posttest, and theinput flood graup was expected to outperform the tesinly group.
4.2 4.1 Descriptive analysis

Overall, or all the structures, all the three groups showed samprovementfrom
pre- to posttest, with the parsing group scamg much higher than the other two
groupsat the post and the delayed podiest.

For SRCs, thparsinggroupshowedsubstantialgains in the accuracy at the
posttest and thedelayedpost-test, though a slightleclinein accuracy could be
observed at the delayed postst compared tolie posttest for the SRCstructure. In
addition, the input flood group and the tesinly group had some garacross the time,
but the gains were rather small.

For ORCshe accuracy oftte three groups steadily increased across the tinme T
post-test scores of the parsing grogwubled comparedo the pretest, and at the
delayed postest, the scores showetthe continuous improvementelativeto the
posttest. For the testonly groupthe improvement from preto post and delayed

post-test also very salient, but the accuracy was still rather low at around .50.
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Table 4. 213 Mean (SDs)kcoresfor oral sentence description tests

structure test phase parsing input flood test-only
SROA pre-test .54 (.50) .48 (.50) .52 (.50)
(k=4 or 6) post-test .72 (.45) .59 (.49) .56 (.50)

- delayed postest .80 (.40) .64 (.48) 62 (.49)
SR@ pre-test .55 (.50) .53 (.50) .50 (.50)
(k=4 or 6) post-test .80 (.40) .58 (.49) .54 (.50)

- delayed postest .75 (.43) .65 (.48) 61 (.49)
ORGA pre-test .37 (.48) .41 (.49) 21 (.41)
(k=5) post-test .76 (.43) .52 (.50) 41 (.49)

- delayed postest .81 (.39) .71 (.46) .48 (.50)
ORG pre-test .36 (.48) .43 (.50) .20 (.40)
(k=5) posttest .78 (.\42) .58 (.50) .39 (.49)

delayed postest .81 (.40) .71 (.46) .51 (.50)

Note: *Numbers of items differed between version 1 and version 2, version 3 and
version 4 of the tests, respectively; versions weoenterbalancedicross pre post,
and delayed postest, within groups.

4.2.42 Plots

Figure 42.13to 4.2.16show the violin plots includg boxplotsabout the mea scores
of all the items of a target structure from each participafdr SRCs, the distributia
the mean scores at the posind delayed postest indicated that the parsing group
had more partighants scoing at ceilirg than the other two groups, while the input

flood and the testonly groupathe similar distribution.

Figure 4. 2.13 Comparison of accuracy scores of three learner groups in different test phase for
SRCA structure in oral sentence description test
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Figure 4. 2.14 Comparison of accuracy scores of three learner groups in different test phafs
SRCI structure in oral sentence description test
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For ORCs, the improvementthe accuracy of the parsing groapross time was
obvious.At the pretest, the mean scoresf the parsing group were almost equally
distributed from 0 to 1 pointwith slightlymore individualsscored lower than50.
However, at the postand delayed postest, most participants in the parsing giou
scored over75 or even higher. For the testly group, the majority of the participants
had very low scores at the ptest, but at the postand delayed postests, the

distribution of scores in the tesinly group was similao that of the input flood

group.
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Figure 4. 2.15 Comparison of accuracy scores of three learner groups in different test phase for
ORCA structure in oral sentence description test
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Figure 4. 2 16 Comparison of accuracy scores of three learner groups in different test phase for
ORCA structure in oral sentence description test

1.00-
0.7
e
Q050
g
0.2!
0.00- uE
paréwng mpm_‘ﬂtmd ‘EE‘_‘DHH
group
Pretest
1.00 TT T 1.00 TT
0. I 0.7
o 4
S050- S 050
§ :
0. 0.2
0.00- o T 0.00- N
par‘;mg mpuL‘ﬂDD\} te;t:mn\y paréwng \npt\tiﬂ-md teSL“)nly
group group
Posttest Delayed postest

237



4.2.43 Examination of effect size

For within-group contrass, reflecting changsover time, (see Table 2.14), the effect

sizes for SRCs wesgtremelysmall or negligible (all theeliableeffect sizesare marked

in bold typeface)and small effect sizes wefeund with ORC structures

For the SRCH)e¢ gains made by the parsing group were reliable, though

extremelysmall (the CI did not pass through zdvat the upper limits of Cdlid not

exceed thdield-general benchmarkf®r asmall effect)In addition,the input flood

groupshowedextremelysmall but reliablemprovemensin the SR&\ at the post and

the delayed postestand in the SRCat the delayed postest. Moreover, the tesbnly

group also had reliable gains in the SR@t the delayed posgest.

For the ORCsnost of the gains of the three groups were reliabtetHe parsing

group,small effecé were observed in the prdo the post andthe pre- to the delayed

posttest comparisos. Moreover, the small effects were also found witte input

flood group for theORGA structure andvith the test-only groups in ORCstructure

for the comparison between the prand the delayed postest.

Table 4. 214 Within-C OT OB A £/&A A 0) [95% Ol Aor gra# pictard dledctiption test

structure  group pre-post pre-delayed post-delayed
SROA parsing 27[.10, 45] .38[.20, 5] 15[-.02, 32]
(k=4 or 6] input flood  .21[.03, .39 26[.08, 43 12[-.06, 29]
- testonly  .10[-.07, 27] .19[.01, .36] 12[-.05, .30]
SRQ parsing A41[.23, 59 37[.19, 54] -.09[-.26, 08]
(k=4 or 6] input flood  .12[-.05, .30] .18[.01, .36] .10[-.07, 28]
- test-only 04[-.13, 22] 19[-.02, 37] 14 }.03, .31]
ORGA parsing .66 [.48, .85] .80[.60, 1.00] 23[.06, 41]
(k=5) input flood  .27[.10, .45] .63 [44, .8 46 [.28, .65]
- test-only 44 (.26, .62] .56 [.38, .75] A171[-.01, .34]
ORG parsing .801[.60, .99 .87[.67, 107] 10[-.07, 27]
(k=5) input flood .35[.17, .53] .58[.40, .77] 31[.14, 49
- test-only .39[.21, 57] 61[.42, 80] .26 [.09, .44]

Note: Bold typefacéndicates that theCl did not pass through zeftlumbers of items differed

between version 1 and version 2, version 3 and version 4 of the tests, respectively; versions

were counterbalancedicross pre post, and delayed podgiest, within groups.
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For betweengroup contrats (see Table 2.15), for SRCsmall or very small
effectswere found at the postand the delayed podiest for SRE\ in the comparison
between the parsing and the input flogfoup, and the parsing and the tesnly
group.In addition,for SR@, the changes of Coh@&d from the pre to the posttest
showed small effects in the comparisons between the parsing and the input flood as
well asbetween the parsing anthe test only group.

For ORCsmall to medium effect sizes were observed iosttontrasts At the
pre-test, the advantages for the parsing and the input flood groups over theaelst
group were reliable, and the atrasts between input flood and tesinly group the
effects reached the smadiffect benchmark At the posttest, small effectsvere
observed in the contrasts between the parsing and the input flood groughe
parsing and tesbnly group contrasts, the effect sizagre medium In terms ofthe
effect size changes from the ptest to the posttest, the small effect sizes could also
be observed between the parsing and the other two grousishe delayed postest,
both the parsing and the input flood group outperformed the tesiy group, and had
small to medium effectslhe score differences between the parsing and the input
flood group (for ORA) were negligible, as the CI pass through the zBraddition, the
scores changed from the ptest to the delayed postest did not reach the small

effectsin anycomparison
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Table 4. 215 BetweenC O1 OB A £AA A @) [95% Olkor gratdictard dedcption test

parsing vs. input parsing vs.

input flood vs.

structure  testphase
flood test-only test-only
pre-test A3[-.11, .37] .04 }.20, .28] -.08 [.33, .15]
SRAA posttest .28 [.03, .52] .32[.08, .57] .05[-.20, .29]
(k=4 or 6 delayed postest 35[.11, 59 40 [.15, .6l .04 }.20, .29]
pre-postd change A5 [N/A] .28[N/A] A3[N/A]
pre-delayedd change  .22[N/A] .36[N/A] A2[N/A]
pre-test .04 }.20, .2 .09[-.15, .33] .05[-.20, .29
SR@ post-test A9 [. 24, 73] 58 [.4, .83] .09 [-.15, .33]
(k=4 or 6 delayed postest .23 [-.01, .47] 31[.07, .55] .08 F.16, .32]
pre-postd change A5[N/A] A49[N/A] .04 [N/A]
pre-delayedd change  .19[N/A] .22 [N/A] .03 [N/A]
pre-test -08 |F.32,.16] .36[.12, .4] 45[.20, .69]
ORCA posttest .53[.29, .78] J7[.52,1.2] .22 }.03, .46
(k=5) delayed postest 25[.01, .49] .75[.50,1.00 .48][.23,.73]
pre-postd change .61[N/A] A1 [N/A] -.23 [N/A]
pre-delayedd change .33 [N/A] .39 [N/A] .03 [N/A]
pre-test -14 }.38,.10] .35][.10, .59 A49[.24, .74]
ORG posttest 43 1[.19, .6] .85[.60,1.0] .38[14, .63]
(k=5) delayed postest 22 [-.02, .47] .66[.41, .91] 421[.18, .67]
pre-postd change S57[N/A] S50[N/A] -.11 [N/A]
pre-delayedd change .36 [N/A] 31[N/A] -.07 [N/A]

Note: Bold typefacendicates that theCl did not pass through zeftiNumbers of items
differed between version 1 and version 2, version 3 and version 4 of the tests,
respectively; versions wemmunterbalancedcross pre post, and delayed posdtest,
within groups.

4.2.44 Inferential statistical analysis

Mixed effects logistic regressions were carried outS&CA, SRT, OREA and ORC

separatelyEach modelvas run with the baseline of the tesinly group and the input

flood groupseparately Theresultsreported in this section are mainly based on the

model with the baseline of the teginly group. For the model with the baseline of the

input flood group, only the statistically significant or reliable effects related to the

comparisors between the parsing and the input floagoupare reported in this

sectim (for the full results for models with input flood baseliseeAppendix 3L AIC
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and LRT results for model selection see Appendix 24.

SREA

The table 4.216 presentsthe model analysis of accurasgores of SR structure. The
resultshowed no statistich significant effect in the model, artie only reliable
interaction was between grougnd test phasas the95% CI for the estimatedid not
pass through zerdrhe parsing group was predicted to be 4.33 times more likely to
correcly produce the target structure at the poestst than at the pretests relative to
the test-only group.In the model with the baseline of the input flood group, no

statistically significant effect could be found.

Table 4. 2.16 The fixed effects of the model analysis of accuracy scores for SR@ oral sentence
description test

Fixed effects Estimate [CI] SE z p OR[CI]

Intercept .14 }.69,.97] .50 .28 779  1.15[50, 2.64]
testvs.parsing 11 [F1.03,1.25] .69 .16 .872 1.12[36, 3.51]
testvs.input -39F156,78 .71 -55 582 .68[21,2.18]
pre- vs.post .09F.91,1.10] .61 15 .878 1.10 [40, 2.99]
pre- vs.delayed 97 F.19,2.12) .70 1.38 .169 2.63[83, 8.37]
test vs. parsingx pre- vs. post- 1.47[08,2.85] .84 1.74 .083 4.33[1.08, 17.34]
testvs.input x pre- vs.post 1.00 [.43, 2.44] .87 1.15 .250 2.73[65, 11.43]

testvs.parsingx pre- vs.delayed 1.48 }.12, 3.07] .97 152 .128 4.38[89, 21.61]
testvs.input x pre- vs.delayed 1.13F.54,2.80] 1.01 1.11 .266 3.09[58, 16.41]

Note: Model formula:modeld=glmer(score ~ group*stage + (1+stage|subject) + (1+stage|item),
data=oral_production, family=binomial, control = glmerControl(optimizer = "bobyqga¥ing

= parsing group; input = input flood group; test = teaty group:Marginal R=.06, conditional
R=.78; bold typeface indicates eeliableeffect

SRd

Table 4.217 shows the modetesultsfor SR& structure. Te statistically significant
effects were foundn a comparisometweenpre-test and delayed podest (regardless
of the group)andin aninteraction between group (tesbnly group vs. parsing group)
and test phase (préest vs. postest). That is the parsing group was predicted to be
16.64 times more likely to correctly produce an $Réntence than the tesbnly group
at the posttest relativeto the pretest. In addition, in the model with baseline of the

input flood group, it was found thatoenpared to the input flood group, the parsing
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group was 12.52 morkkelyto produce SRCat the posttest relative to the preest [
[Cl]=2.53][.59, 446], SE=1.18,z=2.15,p=.032, OR=12.52[1.81, 86.59).

Table 4. 2.17 The fixed effects of the model analysis of accuracy scores for SR@ oral sentence
description test

Fixed effects Estimate [CI] SE z p OR[CI]

Intercept -.16 [F1.24, .92] .66 -24 807 .85[.29, 2.52]
testvs.parsing 39 F1.11,1.90] .92 43 .667 1.48].33, 6.70]
testvs.input .36 F1.20,1.92] .95 .38 706  1.43[.30, 6.83]

pre- vs.post .54 .74, 1.83] .78 .70 486  1.72[.48, 6.23]

pre- vs.delayed 1.83[.32,3.33] .91 2.00 .046* 6.20[1.38, 27.91]
testvs.parsingx pre- vs.post 2.81[.84,4.78] 120 2.35 .019* 16.64[2.32,119.57]
testvs.input x pre- vs.post- 28 F1.59,2.15] 1.14 .25 .803 1.33[.20, 8.61]

testvs.parsingx pre- vs.delayed 1.04 f1.01, 3.10] 1.25 .83 404  2.84[.36, 22.20]
testvs.input x pre- vs.delayed 23 F1.94,2.40] 132 .17 .863 1.25[.14, 10.99]

Note: model5=glmer(score ~ group*stage + (1+stage|subject) + (1+group|item),
data=oral_production, family=binomial, control = gimerControl(optimizer = "bobyga"))
Marginal B=.08, conditional R=.87; parsing = parsing group; input = input flood group; test =
test-only group;* significantly differently from zero wheh < 05

ORCA

The model results of ORE strucure were shown in the table 4.28. The statistically
significant effects were found with the interactions between-est and posttest
andbetween pretest and delayed podest, regardless of the groujpn addition,the
three two-way interactions between group and test phase wstaisticaly significant.
Compared to the preest, the parsing group was predicted to 861 times and 27.16
times more likely to produce ORCcorrectly than the tesonly group at the preest
and the posttest respectivelyThe results also indicatatiat compared to the input
flood group, the tesbnly group had more gains at the pdsst compared to the
pre-test. In the model with the baseline of the input flood group, the parsing group had
more gains at the postind the delayed posgtest relativeto the pretest in the
comparison between the input flood group (input flood vs. parsing: yseposttest: b
[CI] =3.97 [2.33, 5.62]SE=1.00,z=3.97, p < .001, OR [{+53.21 [10.26, 275.91]
input flood vs. parsing: prevs.delayedpost-test: b [Cl] =2.79 [.57, 5.01]SE= 135, z=

2.06, p=.039,0R [(I=16.28 [1.76, 150.33]
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Table 4. 2.18 The fixed effects of the model analysis of accuracy scores for GR@ oral sentence
description test

Fixed effects Estimate [CI] SE 2z p ORICI]

Intercept -5.13 [7.44,-2.83] 1.40 -3.66 <.00®* .01[.00, .06]
testvs.parsing 2.83 }.18, 5.85] 1.83 155 .122 17.02 [.84, 346.24]
testvs.input 3.52 [.44, 6.60] 1.87 1.88 .060 33.81 [1.55, 736.06]
pre- vs.post 3.38[2.24, 4.52] .69 4.87 <.00F* 29.43[9.39, 92.24]
pre- vs.delayed 4.37[3.15,5.58] .74 591 <.00¥* 78.69[23.36,265.11
testvs.parsingx pre- vs.post 2.26 [.48, 4.04] 1.08 2.09 .037* 9.61 [1.62, 56.98]
testvs.input x pre- vs.post -1.71[-3.15,-.28] .87 -1.96 .049* .18 [.04, .76]
testvs.parsingx pre- vs.delayed  3.30[1.08,5.52] 1.35 2.44 .015* 27.16 [2.94, 250.75]
testvs.input x pre- vs.delayed 51 F1.19, 2.22] 1.04 49  .639 1.67 [.30, 9.19]

Note: modell=glmer(score group*stage + (1|subject) + (1|item), data=oral_production,
family=binomial, control = gimerControl(optimizer = "bobyga¥arginal R=.22, Conditional
RF=.93; parsing = parsing group; input = input flood group; test =tesy group;bold
typeface indicates eeliableeffect;* significantlydifferently from zero whert = .05; ***
significantly differently from zero wheh< .001

OR@

Table 4.219 presents the inferential statisticaésultsof OR@ structure.The results
indicated that theparticipantsas a wholesignificantly gained at thpost- and delayed
post-test (relative to the pretest). In addition, two threeway interactions between the
test phase (prevs. posttest and pre vs. delayed postest) ard the group (tesonly vs.
parsing group) were found to be statistically significant. Compared to théegtethe
parsing group was predicted to be 1067.04 times and 56.96 times likehgto
produce correct ORCsentences than the teginly group at he post and thedelayed
post-test respectively. In terms of the model with tivgut flood group as the baseline,
it was found that the compared to the pttest, the parsing group was 97.51 times
more likely to correctlproduce ORE sentences than theaput flood group at the
posttest (b [Cl] =4.58[.80, 8.36] SE=2.30,z=1.99 p=.046, OR [GI=97.51 [2.23,
4269.33).
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Table 4. 2.19 The fixed effects of the model analysis of accuracy scores for GRiD oral sentence

description test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept -3.935.90,-1.95] 1.20 -3.27 .00 .02 [.00,.14]
testvs.parsing 1.98 }.49, 4.46] 150 1.32 .188 7.26 [.61, 86.20]
testvs.input 2.80[.26, 5.34] 155 1.81 .070 16.44 [1.29, 209.10]
pre- vs.post- .91 }1.85, 3.68] 1.68 .54 .587 2.49 [.16, 39.54]

pre- vs.delayed 3.83[1.73, 5.92] 1.27 3.00 .003* 45.84[5.64, 372.70]
testvs.parsingx pre- vs.post 6.97 [2.35,11.60] 2.81 2.48 .013* 1067.04 [10.48, 108605.50
testvs.input x pre- vs.post- 2.39F1.52,6.31] 2.38 1.01 .314 10.94 [.22, 547.51]
testvs.parsingx pre- vs.delayed 4.04 [.69, 7.39] 2.04 198 .047* 56.96[2.00, 1624.67]
testvs.input x pre- vs.delayed 1.26 [1.75,4.27] 1.83 .69 490 3.54 [.17, 71.64]

Note: Model formula:model5=gimer(score ~ group*stage + (1+stage|subject) +
(1+group|item), data=oral_production, family=binomial, control = glmerControl(optimizer =
"bobyga")) Marginal R=.20, Conditional R=.95; parsing = parsing group; input = input flood
group; test = tesbnly group;bold typeface indicates eliableeffect; * significantlydifferently
from zero wherl ~ .05;** significantly differentfrom zero wherh < .01

4.2.4.5Summaryof the resultsin the oral productiontest

Overall, all the participants gained post- and delayeeposttests (relative to prdest)

in the accuracy of thewral production test The gains of the parsing groupeve more

than the othertwo groups in all thestructures and especiallysofor ORCslin SR&€ and

both types ofORCsstatisticallysignificant effects between the parsing group and the

other two groups could be foundhe betweengroup effect sizes aldadicatedan

advantagdor the parsing group over the other two groups at the pastd the

delayed postest. However, the input floodrainingdid not seem tdacilitate accuracy

of oral production becausehere was no positiveignificanteffect that could befound

between thetest-only andthe input floodcomparisons

4.2.5 To what extent are effects observable the metalinguisticknowledgetest?

Metalinguistic knowledge was measured by sentepegture matching testsach item

of the testcontaired a picture and a sentence, and the sentence might match or

mismatch the picture. The scores were collected from three takdecide whether

the sentence matched the pictur) correct the mismatched sentenc@smatch the
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picture, and 3) explain the reason for mismatchhe scores of eadaskwere analysed

separately. The parsing group was expectedutperformthe input flood and the test

only groupat the post and delayed postest, on all three measures from this test.

4.25.1 Aralysis of accuracy scored deciding match or mismatch

a) Descriptive analysis

Table 4.20presents themean ED3 of accuracy scores of deciding matchnoismatch

in metdinguisic knowledge test. For matched items, all the three groups scored at

ceiling for all the structures from the préo the delayed postest.

For mismatched itemshe improvementof accuracy scorescross the time could

be observed in all the grougsr all thestructures Comparedto the input flood and

the testonly group, the scores of the parsing group were highest and were at

ceilingat the post and the delayed postest. For ORC structure, the scores of the

pre-test were lower than the othestructures, yetat the post and the delayed

post-test, the scores did not have salient differescempared with thescores for

other structuresin each group.

Table 4. 2.20 Mean (SD$ scoresof deciding match or mismatch inmetalinguistic knowledge

test
type test parsing input flood test-only
phase
match mismatch match mismatch match mismatch
pre-test 1.00 (.00) .83 (.38) .94 (.24) .83 (.38) .94 (.24) .85 (.36)
SREA posttest 1.00 (.00) .94 (.23) .96 (.19) .88 (.32) 1.00 (.00) .87 (.34)
(k=2) delayed .98 (.14) .96 (.19) .92 (.27) .88 (.32) .98 (.14) .87 (.34)
posttest
pre-test .96 (.19) .81 (.39) 96 (\19) .79 (.41) 98 (.14) .62 (.49)
SR@ posttest .96 (.19) .98 (.14) .94 (.24) .85 (.36) 98 (\14) .87 (.34)
(k=2) delayed 1.00 (.00) .91(.29) .92 (.27) .85 (.36) 96 ((19) .81 (.40)
posttest
pre-test .93 (.26) .85(.36) .94 (.24) .75 (.44) .98 (.14) .81 (.40)
ORGA posttest .98 (.14) .94 (.23) .94 (.24) .81 (.39) 1.00 (.00) .90 (.30)
(k=2) delayed .94 (.8) .96 (19) .98 (.14) .83 (.38) 96 ((19) .94 (.24)
posttest
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pretest .98 (.14) .63 (.49) 94 (24) .71 (.46) 94 (21) .48 (.50)

ORG@ posttest .94 (.23) .83 (.38) 96 (.14) .73 (.45) 98 (.19) .76 (.43)
(k=2) delayed .98 (.14) .89(32) 94 (14) .75 (.44) 98 (.18) .87 (.34)
posttest

Note: The type refers to the structure of the sentence presented to the participants. For
mismatched items, the SRCs were required to correct to the ORCs and the ORCs were required
to correct to SRCs.

b) Plots

Matched items

Figures4.2.17to 4.2.20presentthe accuracy scoresf each target structuréor the
matched itemgbased on the mean scores of each participant in each type of relative
clauselusing the violin plots witBoxplots For all the structures, the plots indicated
that overall,the majority of the participantscored at ceiling across time, thougfth

slightfluctuation. Ateachtime phase, the group differences were very small.

Figure 4. 2.17 Comparison of accuracy scores (for matched items) of three learner groups in
different test phase for SR\ structure in the deciding match or mismatch task ofmetalinguistic
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Figure 4. 2.18 Comparison of accuracy scores (for matched items) of three learner groups in
different test phase for SR@ structure in the deciding match or mismatch task ofmetalinguistic

knowledge test
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Figure 4. 2.19 Comparison of accuracy scores (for matched items) of three learner groups in
different test phase for OREA structure in the deciding match or mismatch task ofmetalinguistic
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Figure 4. 2.20 Comparison of accuracy scores (for matched items) of three learner groups in
different test phase for OR@ structure in the deciding match or mismatch task ofmetalinguistic
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Mismatched items
Theaccuracy scores of mismatched items in deciding match or mismatch task are
shownin figures4.2.21to 4.2.24. For SRCs, advantages of the parsing group over the
input flood andtest-only groups were shown at pesind delayed postest. In addition,
for the input flood and the tesonly group, the distributions of the scores wesienilar
at the post and thedelayedpost-test.

For ORE\, the parsing group had more participants wdomred at ceiling than the
input flood and the tesbnly groups at thehree test phasesFor ORE, at the
posttest and the delayed postest, the three groups had the sitar distributions of

the scores, anthe parsing grouglightlyoutperformed the other two groups.

248



Figure 4. 2.21 Comparison of accuracy scores (for mismatched items) of three learner groups in
different test phase for SREA structure in the deciding match or mismatch task ofmetalinguistic
knowledge test
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Figure 4. 2.22 Comparison of accuracy scores (for mismatched items) of three learner groups in
different test phase for SR@ structure in the deciding match or mismatch task ofmetalinguistic
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Figure 4. 2.23 Comparison of accuracy scores (for mismatched items) of three learner groups in
different test phase for OREA structure in the deciding match or mismatch task ofmetalinguistic
knowledge test
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Figure 4. 2.24 Comparison of accuracy scores (for mismatched items) of three learner groups in
different test phase for OR@ structure in the deciding match or mismatch task ofetalinguistic
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c) Examination of effect sizes

Matched items

Table 4.21showed the effect sizes of the withgroup contracts, reflecting chaag

over time. All the effecsizes were negligible, and all the 95% CI passed through 0.

Table 4. 221 Within-C OT OB A E£A A @) [95% Olfor inatchel Aend iDdeciding match or
mismatch task ofmetalinguistic knowledge test

structure  group pre-post pre-delayed post-delayed
SRGA parsing N/A -14 F.41, .13] -14 F.41, .13]
k=2) input flood .14 [.14, .42] -14 F.42, .14  -.20[.48, .08]
test-only 20 [.08, 48] 14 [.14, .42] -14 F.42, .14]

SRa parsing .00 }.27, .27] 19 F.08, 47] .19 }.08, .47]
k=) input flood  -.08 [.35, .19] -14 }.42, .14] -.08 .35, .19]
test-only .00 }.27, .27] -.08 }.35, 19| -.08 .35, .19]

ORGA parsing .18 F.09, 46] .05 F.22, 32 -14 F.41, 13
(k=2) input flood .00 E.27, .27] 14 F.14, 42] .20 .08, 48]
B test-only 14 F.14, 42] -08F.35 19  -14F.42 14
ORG parsing -14 .41, 13 .00 F.27, .27] A4 F.A3, A1
(k=2) input flood .06 .21, .34] .00 F.27, .27] -.06 .34, 21]
test-only .08 [.20, .36] 14 .14, A2] .00 [.28, .28]

Note: N/A refers toone or both ofthe SDsf the two test phases within a contrasias

0

For the betweergroup contrasts (see table 422), only the difference between

the parsing and the input flood group for SR&ructure at delayed podest (and at

the changes from the prao the delayed postest) had small effects. The differences

in other contrasts were negligible, because the 3GHgassed through O.
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Table 4. 222 BetweenC O OB A A££A A @) [B% Gfor matdhdel Admé i@ deciding match
or mismatch task ofmetalinguistic knowledge test

parsing vs. parsing vs. input flood vs.
structure test phase .
input flood test-only test-only
pre-test .35F.03,.73] .35F.03,.73] .00 E.38,.38]
SR post-test .28 .10, .66] N/A -.28 }.67, .11]
(k=2) delayed postest 28 F.11, .66] .01F.38,.39] -.27 .66, .12]
pre-postd change -.07[N/A] N/A -.28[N/A]
pre-delayedd change -.07[N/A] -.34[N/A] -.27[N/A]
pre-test .01[-.37,.39] -11F.49,.27] -11E.50,.27]
SR@ post-test 10 F.28, .48] -11F.49,.27] -.20E.58, .19]
(k=2) delayed postest 411[.02,.79] .28 F.10,.66] -.16 [.55, .22]
pre-postd change .09[N/A] .00 [N/A] -.09[N/A]
pre-delayedd change .40 [N/A] 39[N/A] -.05[N/A]
pre-test -.07 F.45, .32] -.26 }.64,.12] -.20[.58, .19]
ORCGA post-test 20 F.18, .59] -19F.57,.19] -34F.73,.05]
(k=2) delayed postest -19 }.57,.19] -.08 }F.46,.30] .11 .27, .50]
pre-postd change 27[N/A] .07[N/A] - 14[N/A]
pre-delayedd change -.12[N/A] 18[N/A] 31[N/A]
pre-test 20 F.18, .59] .20F.18,.59] .00 F.38, .38]
ORGQ post-test -.08 }.46, .30] -.19}.57,.20] -.11 .50, .28]
(k=2) delayed postest .20[-.18, .59] .01F.38,.39] -.20F.58,.19]
pre-postd change -.28[N/A] -.39[N/A] - 11[N/A]
pre-delayedd change .00 [N/A] -.19[N/A] -.20 [N/A]

Note: N/A refers toone or both ofthe SDsof the two groups within a contrastas0;
Bold typeface refers to the CI did not pass through zero.

Mismatched items

The effect sizes of withigroup contrasts (see table 428), reflecting changover

time, indicated that almost all the changes were very small (95% CI did not pass

through zero, and the upper limits reaathor were near the benchmark of small

effects) to negligible.

For the parsing and the tesinly group,small or very small eftés could be

observed with all the structureis the comparison between the prand the posttest
andin the comparison between the prand the delayed podtest. Asmall effect was

found withthe testonly group in the preand theposttest comparson(d [C] =.73
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[.42, 1.04])or the OR@, but this might have beebecause the mean score of the
pre-test was rather lowrfean[SO = .48 [.50).

No reliableeffect could be found with the input flood group, because all the Cls
passed through zero.

Table4. 2.23Within-C 0T O0b A ££A A @) [95% Olfor migimatéhdd iténe3 in deciding match
or mismatch task ofmetalinguistic knowledge test

structure group pre-post pre-delayed post-delayed
SRGA parsing .24 }.03,.51] .33][.06,.61] .06 F.21, .33]
(k=2) input flood .13 .15, .40] .14 .14, .42] .00 [.27, .27]

- test-only .04 }F.23,.32] .05F.22,.33] .00F.27,.27]
SRa parsing .39[.12,.68] .19F.08,.46] -.23F.50,.05]
(k=2) input flood .14[-.14, .42] .13 }.15, .40] .00 F.27,.27]

- test-only 40[.12,.69] .32[.04,.61] -.14F.42,14]
ORGA parsing .21 }.06, 48] .30[.02,.58] .06 F.21, .33]
(k=2) input flood .14 F.14, .42] .20 [.08, .48] .05F.23,.32]

- testonly  .19[-.08,.47] .30[.02,.59] .10[.18,.37]
ORG parsing .33[.05,.60] .50[.21,.79] .11F.16, .38]
(k=2) input flood .04 [.24,.31] .08 }.19,.35] .04 F.23, .32]

testonly  .48[.19,.78] .73[.42,1.04] .20 }.08, .48]

Note: Bold typefacendicates thatthe CI did not pass through zero.

Table 4.24 presents the effect sizes of the betwegnoup contrats, reflecting
differences between groupsoFSREA structure, all the differences between groups
were negligible, because the Cls passed through zero. Fer 8RGe pretest, the
test-only group hadhlower score than the other groups, and the score differences
comparedwith the parsing group &d small effectSmall effects were also founak the
posttest between the parsing and the input flood group, and in the comparison
betweenthe parsing and the tesdnly group. The changing of the scordsom the
pre-test to the posttest indicated that he gainamade bythe parsing group over the
input flood group had small effect, but the parsing group did not nrakee gains than
the testonly group.Moreover, the small effect of changinigrom the pre to the

posttest was also found in with the inpfibod vs. testonly group comparison, which
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means that the tesbnly group made more gains than the input flood group.

For OREA structure, the scores that the parsing group over the input flood group

had small effects at the posainddelayed postests For OR{, the small effect were

found at the pretest in thecomparisorbetween the input flood and the tesinly

group. In addition, thed changesindicated that the parsing and tesinly groups made

more gains than the input floogroupat the post and delayed postest compared to

the pretest, and small to medium effectsere observedmedium effect were

observedin the comparison betweerhe input flood and testonly group changing

from the pretest to the delayed postest).

Table 4. 2.24 BetweenC O1 OB A E£A A &) [@5%UCA forj misindichdd Gtédns in deciding
match or mismatch task ofmetalinguistic knowledge test

parsing vs. parsing vs. input floodvs.
structure test phase .
input flood test-only test-only
pre-test .02 }.36, .40] -.03F.42,.35] -.05F.44, .33]
SR post-test 21 F.17,.60] .27 F.11, .65] .06 [.33, .44]
(k=2) delayed postest .30 }.09, .68] .35F.03,.74] .06 [.33, .44]
pre-postd change 19[N/A] .30 [N/A] A1[N/A]
pre-delayedd change .28[N/A] .38[N/A] A1[N/A]
pre-test .07 .32, .45] .45].06, .83] .38F.01,.77]
SR@ posttest .501[.11, .88] .45][.06, .83] -.05F.44, .33]
(k=2) delayed postest 19 E.20, .57] .29 }.10, .67] .10[-.28, .49]
pre-postd change A3[N/A] .00 [N/A] - 43[N/A]
pre-delayedd change .12[N/A] -.16[N/A] -.28[N/A]
pre-test .26 .13, .64] .12 }.26, .50] -.14 }.52, .25]
ORCA post-test 42[.04,.81] .15F.23,.53] -.27 }.66, .11]
(k=2) delayed postest 45[.07,.84] .10F.28, .48] -.36 |.75, .02]
pre-postd change 16[N/A] .03[N/A] -.13[N/A]
pre-delayedd change  .19[N/A] -.02[N/A] -.22[N/A]
pre-test -17 F.55, .21] .30 F.08, .68] .48 [.09, .87]
ORGQ post-test 25 F.13, .63] .17 F.21, .55] -.08 }.46, .31]
(k=2) delayed postest .36 F.02, .75] .07 }.31, .45] -.29 }.68, .09]
pre-postd change A2[N/A] - 13[N/A] -.56 [N/A]
pre-delayedd change .53[N/A] -.23[N/A] - 77[N/A]

Note: Bold typeface refers to th85%CI did not pass through zero.
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d) Inferential statistic analysis
The mixed effect logistic regression models were used to conduct the inferential

statistical analysi The models with the baseline of the testly and theinput flood
group were run separatelyoFthe model with the input flood group baseline, only the
statisticaly significanteffects related to the comparis@between the input flood and
the parsing goup werereported in the chapte(full results see Apggndix32). The AIC
and LRT results for model selection see Appendix 25.

Matched items

The inferential statistical results for SR@nd SRCstructures are not provided
becauseall the models did not converge. The means and the plots of the/SB

SRd showed that the score difference across the time and between groups was very
small,and very unlikely to have arsygnificant difference

ORCA

Table 42.25presents the results of the mixed effects model analysis for-@RC
structure. No statisticly significant effectsvere found in this analysisither with the

baselineof the testonly group or the input flood group

Table 4. 2.25 The fixed effects of the model analysis 0ORCGA structure (matched items) for
deciding match or mismatch taskn metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORICI]

intercept 4.03 [2.33,5.72] 1.03 3.92 <.001*** 56.02[10.33, 303.90]
test vs. parsing -1.42 [3.28, 0.44] 1.13 -1.26 .209 .24 [.04, 1.55]

test vs.input -1.15 [3.07, 0.76] 1.16 -.99 .323 .32 [.05, 2.15]

pre-vs. post 16.48 [125.36, 158.33] 86.24 .19 .848 144E+7 [.00, 5.80E+6
pre-vs. delayed - 70 F2.73, 1.33] 1.23 -57 571 .50[.07, 3.77]

test vs. parsing x pre&s. post -15.02 }156.88,126.83] 86.24 -.17 .862 .00 [.00, 1.20E+55]
test vs. input x prevs. post -16.47 [158.32, 125.38] 86.24 -.19 .849 .00 [.00, 2.83E+54]
test vs. parsing x prevs. delayed 1.02 [1.38, 3.43] 146 .70 484 2.78 [.25, 30.83]

test vs. input x prevs.delayed 1.86 }.93, 4.65] 1.70 110 .272 6.44 [.40, 104.83]

Note: Model formula: modell=glmenfatch_score ~ group*stage + (1|subject) + (1]item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)) (only this model was converdéaliginal R=0.51,
conditional B=0.51; parsing = parsing group; input = input flood group; test =te8y group;
*** ggnificantly differently from zerowheh § ®nnwm

ORdA
The modelesultsfor OR@A structure are shown in table 226. Neither themodel
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with the testonly groupbaselinenor the model with the input flood baselinead

statisticallysignificanteffects.

Table 4. 226 The fixed effects of the model analysis of ORGtructure (matched items) for deciding
match or mismatch task inmetalinguistic knowledge test

Fxed effects Estimate [CI] SE z p ORICI]

Intercept 3.55[2.01,5.09] .94 3.78 <001*** 34.83([7.44,163.02]
testvs.parsing 1.30[-.72,3.31] 1.22 1.06 .289 3.66 [0.49, 27.40]
testvs.input .04 F1.45,153] 91 0.05 .963 1.04 [0.234.63]

pre- vs.post 1.38F61,3.37] 1.21 114 .254 3.98 [0.54, 29.22]
pre- vs.delayed 1.21F79,3.20] 1.21 099 .321 3.34 [0.45, 24.62]
testvs.parsingx pre- vs.post -2.56 [5.38,.25] 1.71 -150 .135 0.08 [0.00, 1.29]
testvs.input x pre- vs.post -91F3.47,1.64] 155 -0.59 .557 0.40[0.03, 5.17]

testvs.parsingx pre- vs.delayed -1.26 [4.38,1.87] 1.90 -0.66 .508 0.28 [0.01, 6.47]
testvs.input x pre- vs.delayed -1.26 }3.74,1.22] 151 -0.84 .402 0.28 [0.02, 3.37]

Note: Model formula: modell=glmer(match_score ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000\arginal B=0.01, conditional £0.08 parsing =
parsing group; input = input flood group; test = testly group;*** significantly differently
fromzerowheh f ®dnnawm

Mismatched items

SRCA

For SR@, the model results are shown in table 4.2.2No statistically significant
comparison or interaction could be found in the model with the baseline of the

test-only groupor with the baseline of the input flood group.

Table 4. 2.27 The fixed effects of the model analysis of SRCstructure (mismatched items) for
deciding match or mismatch task irmetalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept 2.47[1.29, 3.66] .72 3.43 .00 11.87[3.62, 38.90]
testvs.parsing -09 [F1.33,1.14] .75 -12  .902 91[.27, 3.13]
testvs.input -.09 [F1.34,1.16] .76 -12  .907 .91 [.26, 3.20]

pre- vs.post 25F1.22,1.72] .89 .28 Ja77 1.29 [.30, 5.59]
pre- vs.delayed 22 F1.20,1.65] .87 .26 .795 1.25[.30, 5.20]
testvs.parsingx pre- vs.post 1.29 }.42,3.00] 1.04 124 .216 3.62 [.66, 20.04]
testvs.input x pre- vs.post 36 F1.23,1.95] .97 .37 .710 1.43[.29, 7.03]

testvs.parsingx pre- vs.delayed  1.73}.14,3.59] 1.13 152 .128 5.61[.87, 36.15]
testvs.input x pre- vs.delayed 49 F1.13,2.10] .98 .50 .621 1.63 [.32, 8.20]

Note: Model formula:model6=gimer(mismatch_score ~ group*stage + (1|subject) +
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(stagelitem), data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=007, conditional R=050; parsing =
parsing group; input = input flood group; test = testly group;** significantly differently from

zero whem < .01

SRd

Table 42.28shows the referential statistical results for SREructure Thestatistical

signiicant effects could be found with th@ntrastsbetween the testonly and the

parsing groupbetween the testonly and the input flood groughetweenthe pre-test

andthe posttest, and between prelest and delayed podiest. This indicated that

overallthe parsing and theput floodgroup outperformed thdest-only group, and

the participantsas a whole were more likely to corréctespond to SRCitems at the

post- and the delayed podest compared to the préest. In addition, one reliable

effectcould be observed in the interaction between group (testy vs. input flood)

and test phase (préest vs. postest), which suggested that thitest-only group had

more chance to correctly respond to the SRtems relative to the input flood group in

the comparison between the prand the posttest. Inaddition, in the model with the

baseline of the input flood group, the parsiggoupwas predicted to be 10.90 times

more likelyto providea correct response for SR@ems than the input floogroupat

the posttest compared to the praest (b [Cl = 2.3[.08, 4.70], SE = 80,z=1.70,p

= .89, OR [GI=10.90[1.08, 109.53).

Table 4. 2.28 The fixed effects of the model analysis of SRGCstructure (mismatched items) for

deciding match or mismatch task irmetalinguistic knowledge test

Fixed effects Estimate [CI] SE 2z p ORICI]

Intercept .95 }.40, 2.31] .83 1.16 .248 2.60[.67,10.11]
testvs.parsing 2.04[58,3.50] .89 230 .022 7.70[1.78, 33.20]
testvs.input 1.69[.28,3.10] .86 1.97 .049 5.41[1.32,22.19]
pre- vs.post 2.04 [.49, 3.60] 94 216 .031* 7.71[1.63, 36.43]
pre- vs.delayed 2.32[.49.4.16] 1.12 2.08 .037 10.21[1.63, 63.96]
testvs.parsingx pre- vs.post .65 [F1.60,2.90] 1.37 .48 .634 1.92].20, 18.22]
testvs.input x pre- vs. post- -1.74 F3.31,-.16] .96 -1.81 .070 .18][.04, .85]
testvs.parsingx pre- vs.delayed -.68 [2.43,1.08] 1.07 -64 525 .51].09, 2.93]
testvs.input x pre- vs.delayed -.85 [2.58, .87] 1.05 -81 417 .43][.08,2.40]

Note: Model formula:model6=gimer(mismatch_score ~ group*stage + (1|subject) +
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(stagelitem), data=meta_score, family=binomial, contr@lmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=0.14, conditional B=072; parsing =
parsing group; input = input flood group; test = testly group bold typefaceindicates that
the CI of estimaté did not pass through zeré significantly differently from zero wheh
<.05

ORCA

The model analysis results are shown in tab®28 Satisticaly significanteffects
were found in the contrast between prand delayed postest, which means that in
general, the participants improveat the delayed postest relative to the pretest.
However, thedifferences in the interactionaere negligibleln the model with the

input flood group baseline, no statistically significant effect could be found.

Table 4. 2.29 The fixed effects of the model analysis of ORE structure (mismatched items) for
deciding match or mismatch task irmetalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept 2.06 [1.10, 3.02] .58 3.53 <.001*** 7.83[3.01, 20.43]
testvs.parsing 49 [F0.78,1.771 .77 .64 524 1.64 [0.46, 5.85]
testvs.input -.33 }1.57,.91] 75  -44 661 0.72[0.21, 2.48]
pre- vs.post 1.04 }.06, 2.13] .67 1.56 .118 2.83[0.95, 8.45]
pre- vs.delayed 1.71[0.44,2.98] .77 2.21 .027* 5.52 [1.55, 19.67]
testvs.parsingx pre- vs.post 26 F1.41,1.94] 102 .26 .796 1.30[0.24, 6.95]
testvs.input x pre- vs.post -51[F1.99,0.97] .90 -57 571 0.60[0.14, 2.63]
testvs.parsingx pre- vs.delayed .08 F1.84,2.01] 1.17 .07 .944 1.09 [0.16, 7.46]
testvs.input x pre- vs.delayed -.95 [2.57,0.68] .99 -96 .339 0.39[0.08, 1.98]

Note: Model formula:modell=gimer(mismatch_score ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)Narginal =011, conditional B=0.52 parsing =
parsing group; input = inputdod group; test = tesbnly group ** * significantly differently

from zero wherh < .1, * significantly differently from zero wheih < .(6

ORaG

The results for ORIGstructure (see tabld.2.30) indicatedthat overall, the participants
as a wholescored significantly higher at the pesind delayed postest compared to
the pre-test, and theinput flood group significantly scored higher than the testy
groupas a whole. Howevetwo two-way interactions betweegroup (test-only vs.

input flood)and the test phase (preest vs. postest; pretest vs. delayed pogest)
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were statisticallysignificant. The results indicated that the input flood group was less
likely to correctly respond to OR@ems compared to the tesinly group at the post
and the delayed postest compared to the préest. Referring to the mean scores of
the testonly and the inpuflood group at the pre post, and delayed podtest, the
mean score of the tesbnly group at the prdest was much lower that the input flood
group (mean[SDestony=.48[.50], mean[SO input flood= - 7 1[.46]), which might lead to
the seeminglysignificantly more gains of the tesnly group than the input flood
group.In addition, in the model with the baseline of the input flood groupya-way
interaction was statistically significant. The parsing group was predicted to be 5.63
more likely to respond to the OR@ems than the input flood at the delayed pestst
relative to the pretest o [C| = 1.753[.35,3.1(), SE = 84, z= 207,p= .89, OR [GI=
5.63[1.42,22.29)

Table 4. 2.30 The fixed effects of the model analysis of ORGstructure (mismatched items) for
deciding match or mismatch task irmetalinguistic knowledge test

Fixed effects Estimate[Cl] SE z p ORICI]

Intercept -.05 .96, .86] 55 -09 931 .95 [.38, 2.36]
testvs.parsing 91 F.21, 2.03] .68 1.34 .180 2.49 .81, 7.63]
testvs.input 1.46 [.29, 2.62] .71 2.06 .039% 4.29 [1.34, 13.69]
pre- vs.post 1.92 [.99, 2.85] 57 3.39 <001  6.82[2.69, 17.29]
pre- vs.delayed 2.98 [1.87, 4.08] .67 4.42 <00F*  19.62[6.49, 59.32]
testvs.parsingx pre- vs.post -.38 [1.67, .92] 79 -48 634 .69 [.19, 2.51]
testvs.input x pre- vs.post -1.66 [2.97,-.35] .80 -2.09 .037% .19 [.05, .70]
testvs.parsingx pre- vs.delayed  -.91 [2.38, .56] .89 -1.02 .310 401.09, 1.75]

testvs.input x pre- vs.delayed -2.64 F4.07,-1.21] .87 -3.03 .002* .07 [.02, .30]

Note: Model formula:modell=gimer(mismatch_score ~ group*stag€lfsubject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)Narginal B=0.11, conditional B=0.55; parsing =
parsing group; input = input flood group; test = testly group ** * significantly differently
from zero whert <.@1;** significantly differently from zero wheh < .0%, * significantly
differently from zero whett < .(b

e) Summary
In summaryjn deciding math or mismatch task for the metiaguisticknowledgetest,

for the matched items, netatisticaly significant effects could be observed in all the
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structures. The mean scores and the plots showed that all the three groups scored at
ceiling from the preto the delayed postest.

For mismatched itemsll the three groups scored higher at the peahd the
delayed postest, relative to pretest for all the structures. The betweegroup effect
sizes and the inferentiatatisticsindicated thatfor the SR@ and OR&structures the
parsing and the tesbnly group hadsignificantlymore gains than the input flood group
across time.
4.2.5.2 Analysis of accuracy scoressaintencecorrection task in the metalinguistic
test
a) Descriptive analysis
The table £.31presents the means and tH&» of each group at each test phaséne
gains at the postand delayed pdstests could beobservedwith all the groups for all
the structures, and the parsing group scored higher thath the inputflood and the

test-only groupat the post and delayed pdstests.

Table 4. 231 Mean (SD3 scoresof sentence correction taskn metalinguistic knowledge test

Structure test phase parsing input flood test-only
SRGA pre-test .73 (.45) .69 (.47) .50 (.51)
(k=2) post-test .94 (.23) .75 (.44) .73 (.45)
- delayed postest .94 (.24) .80 (.40) 79 (.41)
SR@ pre-test .67 (.48) .67 (.47) 43 (.50)
(k=2) post-test .94 (.23) .81 (.40) .80 (.40)
- delayed postest .89 (.32) .79 (.41) .75 (.44)
ORGA pre-test .78 (.42) .71 (.46) .66 (.48)
(k=2) posttest .94 (.23) .79(.41) .88(.33)
- delayed postest .96 (.19) .73 (.45) 92 (.27)
ORA pre-test .58 (.50) .65 (.48) .39 (.49)
(k=2) post-test .83 (.38) .73 (.45) .76 (.43)
B delayed postest .89 (.32) .67(.47) .86 (.35)

Note: The structure refers to the structure of the sentence presented to the
participants. For mismatched items, the SRCs were required to correct to the ORCs and
the ORCs were required to correct to SRCs.
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b) Plots
Hgures4.2.25t0 4.228 presentthe violin plots with boyplots ofmean scores for each
participant in sentence correction task of theetalinguisticknowledge testForthe
SRCs and ORCthe advantages of the parsing grooyer the input flood and the
test-only groupcouldbe observedAt the post and delayed postest, the parsing
group had more participants sangat ceiling than the other two group# addition,
in the two types of ORCs, the temtly group showed improvements, as more people
scored at ceiling at thegst- and the delayed podest compared to the préest.

In sum, the plots indicated that the parsing strategies training facilitated the
performance in the sentence correah task ofmetalinguisticknowledgefor all the
structures andthe testonly graip also had improvements in ORCs.

SREA

Figure 4. 2.25 Comparison of accuracy scores of three learner groups in different test phase for
SRCA structure in the sentence correction task ofnetalinguistic knowledge test
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SRd

Figure 4. 2.26 Comparison of accuracy scores of three learner groups in different test phase for
SRCI structure in the sentence correction task ofmetalinguistic knowledge test
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ORCGA

Figure 4. 2.27 Comparison of accuracy scores of three learner groups in different test phase for
ORCA structure in the sentence correction task ometalinguistic knowledge test
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ORaGl

Figure 4. 2.28 Comparison of accuracy scores of three learner groups in different test phase for
ORGCI structure in the sentence correction task ofmetalinguistic knowledge test
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c) Examination of effect sizes
Table 42.32presents the effect sizes wfithin-group contrasts, reflecting chaagover
time. The results showed that fadl the structuresthe parsing and the tesbnly group
had reliable gaingthe 95% CI did not pass through zewagr time, and the changes of
scores for the input flood group were negligibifar the parsing group, the small
effects were observed in the SRé&tructure, forthe pre- to posttest comparison; for
the testonly group, the improvemertetween pre and post, delayed postest had

small effects.
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Table 4. 2.32 Within-COT Ob A A£Z£A A Od) ®EN & fgr #antEndd diection task of
metalinguistic knowledge test

structure group pre-post pre-delayed post-delayed
SRGA parsing .38 [.09, .67] 45 [.15, .75] .00 F.27, .27]
k=2) input flood .11 [.17, .38] A7 F11, .45] .09 [.19, .36]
test-only .37 [.08, .67] .54 [.24,.86] .09 E.20, .38]

SR@ parsing .751[.35, 1.14] 40 [.11, .69] -15 }.43, .12]
k=) input flood .28 [.00, .56] 21 }.07, .49] -.05 }.33, .22]
test-only .58 [.28, .89] A45[.15,.75]  -.14 [.42, .14]

ORGA parsing .48 [.09,.87] .37 [.08, .66] .06 [.21, .34]
k=) input flood .18 }.10, .45] .04 .23, .32] -12 }.39, .16]
test-only .34 [.05, .64] 42112, .72] .09 .19, .37]

ORG parsing .58 [.19, .97] .59 [.30, .90] 11 F.16, .38]
(k=2 input flood .15 }.13,.43] .03 }.24, .31] -.13 }.40, .15]
- test-only .60 [.30, .91] .88[.56,1.22] .20 .08, .48]

Note: Bold typefacendicates thathe CI did not pass through zero.

Theeffect sizes obetweengroup contrastsare presented in table £2.33 The
results indicated that the tesbnly group performed worse than the other two groups
at the pretest, and the differences had small effects for the SRCs structures (compared
to the parsing and the input flood groups) and the @Rtucture (comparedto the
input flood group) At the posttest, the advantages of the parsing grooner the input
flood and the testonly grouphad small effectin SRCs structurgandin the OREA,
the small effectalsocould be observed in the comparisbetweenthe pasing and
the input flood groupAt the delayed postest, except SR the gains for the parsing
group over the input floodjrouphad small effects, and the score differences between
the parsing and the testnly group had small effects for SRGtructure.

Howevertaking account of the influence of the ptest (see thed changes from
the pretest to the post and delayed postest), at the posttest, the gains of the paring
group over the input flood group had small effects for 2RERT and ORCstructure.

At the delayed postest, the small effect was found with ORGtructure,and the

medium effect could be observed in OR€ructure.Moreover, the testonly group
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made more gains at the posind delayed postest compared with the input flood

group, and some of the gains had small to medium effects.

Table 4. 2.33 Between-group effect size ¢ | E Ad) §96% CJ| for sentence correction task of

metalinguistic knowledge test

structure test phase parsing VS. parsing vs. input flood vs.
input flood test-only test-only
pre-test .09 .30, .48] .491[.09,.90] .40][.00, .79]
SROA posttest 56 [.17,.95] .62[.22,1.01] .06 [.33, .44]
(k=2) delayed postest .46 [.07, .85] 47 [.07,.87] .00 E.39, .40]
pre-postd change ATIN/A] A3[N/A] -.34[N/A]
pre-delayedd change .37[N/A] -.02[N/A] -.40 [N/A]
pre-test -.01[-.40,.37] .49][.09,.88] .50[.10, .90]
SR@ posttest 42 1[.04,.81] .43[.04,.82] .01EF.38, .40]
(k=2) delayed postest 27 F.11, .66] .36 F.02,.75] .09 [.29, .47]
pre-postd change A3[N/A] -.06[N/A] -.49[N/A]
pre-delayedd change .28[N/A] -.13[N/A] -41[N/A]
pre-test A7 F.22,.55] .28 F.12,.68] .11 .28, .51]
ORCA posttest A471.08,.85] .24 F.15,.62] -.24F.63,.15]
(k=2) delayed postest .67 [.27,1.06] .17 F.22,.56] -.51F.91,-.21]
pre-postd change .30 [N/A] -.04[N/A] -.35[N/A]
pre-delayedd change .50 [N/A] - 11[N/A] -.62[N/A]
pre-test -16 [.54, .23] .37 F.02,.76] .54[.14,.93]
ORG posttest 25F.13,.63] .18 }F.20,.57] -.07 |45, .32]
(k=2) delayed postest .54 [.15, .92] .09 .30, .47] -.45F}.84,-.05]
pre-postd change A1[N/A] -.19[N/A] -.61[N/A]
pre-delayedd change .70 [N/A] -.28[N/A] -.99[N/A]

Note: Bold typefacendicates thathe CI did not pass through zero.

d) Inferential statistical analysis

The inferential statisticanalyses wereonductedusing mixed logistic regression

models run separatelyfor SREA, SRE, OREA and ORCstructures. The results

reported below were based on model with the baseline of the-tasy group. The

statisticdly significant effects, related to the comparisiretween the input flood and
the parsing group, in the model with the baseline of the input flood group would be
reported in this sectiorffor full results see AppendB2). The AIC and LRT results for
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model selections see Appendix25.

SREA

Table 42.34presents thanferential statistical results of SRCstructure. The
statistically significangéffects were foundn four comparisons: the tesbnly and the
parsinggroup comparisoynthe pretest and the postest comparison, and the prest
and the delayed podest comparison. The results indicated thlaé parsing group
statistically scored higher than the teshly group in general, and the participants as a
whole statistically sored higher at the postinddelayedpost-test than the pretest. In
addition, a comparison between the teshly and the input floogjroup, and a

two-way interactionbetween group (tesbnly vs. input flood) and test phase (ptesst
vs. posttest) were bund to be reliablgClI of estimatd did not pass through zero)
This indicated as a whole, the input flood outperformed the sty group, but the
test-only group showed more gains than the input flood group at the pesit
compared to the preest. In the model with the baseline of the input flood group, the
interaction between group (input flood vs. parsing groapjitest phase (preest vs.
posttest) was found to betatisticallysignificant (b [Cl]=2.23[.54, 3.9]], SE=1.02 z
=2.18 p=.030, OR [CI¥F9.29[1.72,50.08). This suggested that compartmthe
pre-test, the parsing group was predicted to be 9.29 times more likely to correctly

respond to the question than the input floatoupat the posttest.

Table 4. 234 The fixed effects of the model analysis of SRE structure for sentence correction task
in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p OR[CI]

Intercept -0.19 [1.28, 0.91] .66 -28 .779 .83[0.28, 2.48]
testvs.parsing 2.06 [0.523.60] 94 220 .028 7.85[1.68, 36.60]
testvs.input 1.68[0.19, 3.17 91 185 .064 5.35[1.21, 23.71]
pre- vs.post 2.05[0.98, 3.12] .65 3.15 .002* 7.75[2.66, 22.63]
pre- vs.delayed 2.35[1.16, 3.55] 72 3.25 .001** 10.52[3.19, 34.65]
testvs.parsingx pre- vs.post .73 [F0.97, 2.42] 1.03 0.71 .479 2.07 [0.38, 11.27]
testvs.input x pre- vs. post- -1.50 f2.93,-0.07] .87 -1.73 .084 .22 [0.05, 0.93]

testvs.parsingx pre- vs.delayed .27 F1.50, 2.05] 1.08 .25 .800 1.31[0.22, 7.78]
testvs.input x pre- vs.delayed  -1.32 }2.88, 0.23] 94 -1.40 .161 .27 [0.06, 1.26]

Note: Model formula:modell=glmer(circle ~ group*stage + (1|subject) + (1]item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
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"bobyga",optCtrl=list(maxfun=100000)harginal B=0.18, conditional B=071; parsing =
parsing group; input = input flood group; test = testly group;bold typeface indicates a
reliable effect* significantly differently from zero wheh < .(; ** significantly differently
from zero wherh < .03%

SRd

Thestatisticalresultsare presented in table £.35 The results indicated that overall,
the parsing group and the input flood group scored significantly higher than the
test-only group, and the three groups as a whole had significant higher score at the
post- and delayed postest comparedo the pretest. In addition, the interaction
between the group (tesbnly vs. input flood group) and the test phase (st vs.
posttest) was statistically significgnivhich indicated that the tesbnly groupwas
more likely to correctly respond to the SRiems than the input flood group at the
posttest relative to the pretest. In the model with the baseline of the input flood
group, a tweway interaction was found to be statistically significanp(it flood group
VS. parsing grouppre-test vs. postest: b [Cl]=2.13[.35, 3.91] SE 4.08,z=1.97,p

= .9, OR [CI] 8.42 [1.42, 49.87] The parsing group wasedictedto be 8.42 times
more likely to provide correct answers than the input flood group at the jpesit

compared to the preest.

Table 4. 2.35 The fixed effects of the model analysis of SRGtructure for sentence correction task

in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept -72F1.92,0.47] .73 -1.00 .320 48 [0.15, 1.61]
testvs.parsing 2.09[59,3.59] .91 229 .02 8.10[1.81, 36.32]
testvs.input 2.15 [65, 3.65] 91 2.36 .018* 8.60 [1.92, 38.49]
pre- vs.post 3.17[1.72,4.63] .89 3,58 <001*** 23.87[5.56, 102.49]
pre-vs.delayed 3.23[1.52,4.94] 1.04 3.11 .002*  25.28[4.57, 139.82]
testvs.parsingx pre- vs.post .09[1.70,1.89] 1.09 .09 .931 1.10[0.18, 6.60]
testvs.input x pre- vs.post- -2.04 [3.61,-.46] .96 -2.13 .033 .13 [0.03, 0.63]
testvs.parsingx pre-vs.delayed -41[2.11,1.28] 1.03 -40 .688 .66 [0.12, 3.61]
testvs.input xpre-vs.delayed  -1.54 [3.21,.14] 1.02 -1.51 .132 .22 [0.04, 1.15]

Note: Model formula:model6=glmer(circle ~ group*stage + (1|subject) + (stagelitem),
data=meta_score, family=binomial, controykmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000))harginal B=0.18, conditional B=074; parsing =
parsing group; input = input flood group; test = testly group;* significantly differently from
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zero wherh < .05 ** significantly differently from zero wheh < .01;*** significantly
differently from zero whett < .001

ORCA

Table 42.36shows the model results of ORCstructure.The statistically significant
effects were found with the prest vs. postest conparison and the preest vs.
delayed postest comparison, which means that the participants as a whole scored
significantly higher than at the posind delayed postest thanat the pretest. In
addition, the testonly group had significant more gaitigan the input flood grougt
the delayed postest compared to the prdest. In the model with the input flood
groupbaseline, a tweway interaction between the group (input flood vs. parsing group)
and the test phasepfe-test vs. delayed pogest) was faind statistically significanb(
[Cl] = 22[.52, 3.9], SE = 18 z=2.15 p = .(82, OR [CI] 9.20[1.68, 50.39). The
odds ratio suggested that the parsing group was 9.20 times more likely to provide
correct answers than the input flood group at tbelayed postest compared to the

pre-test.

Table 4. 236 The fixed effects of the model analysis of ORECstructure for sentence correction task
in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept .95 [.09, 1.82] .52 1.83 .068 2.60[1.10, 6.14]
testvs.parsing .97 .26, 2.19] 74 1.30 .194 2.63[0.77, 8.95]
testvs.input 45 E.75, 1.66] 73 .62 .536 1.57 [0.47, 5.26]
pre- vs.post 1.78[73,2.83] .64 280 .005* 5.94[2.08, 16.95]
pre- vs.delayed 2.46 [1.27,3.64] .72 3.42 .00I* 11.65[3.57, 38.00]
testvs.parsingx pre- vs.post A5F1.47,1.77] .99 .16 .876 1.17[0.23, 5.90]
testvs.input x pre- vs.post -1.13 [2.54,.28] .86 -1.32 .187 0.32[0.08, 1.32]
testvs.parsingx pre- vs.delayed  -.08 F1.91,1.76] 1.12 -.07 .944 0.92 [0.15, 5.80]
testvs.input x pre- vs.delayed -2.30 F3.79,-.81] .91 -2.54 .01 0.10[0.02, 0.45]

Note: Model formula:modell=gimer(circle ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)Narginal B=0.16, conditional RB=056; parsing =
parsing group; input = input flood group; test = testly group;bold typeface indicates a
reliable effect * significantly differently from zero wheh < .05 ** significantly differently
from zero whert < .01;

OR@

The malel resultsfor OR@ (see table £.37) showed the statistically significant effects
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in comparisondetween thetest-only groupand theinput flood group betweenthe
pre-test and theposttest, betweenthe pre-testand thedelayed postest, andin an
interaction between group (tesbnlyvs. input flood) and test phase (ptest vs. post

& delayed postest). In addition, the comparison between the tesinly group and the
parsing group was also reliablEne results indicated that the participants as a whole
scored significantly higher at the pesind the delayed posiest compared tathe
pre-test. The input floodyroup had significantly highacore than the tesbnly group;
however, the input floodyrouphad smaller gainthan the testonly groupat the post
and delayed postest relative tothe testonly group.In the model with the baseline of
the input flood group, the interaction between the group (input flood vs. parsing group)
and the test phase (preest vs. delayed pogest) was statistically significanthe odds
ratio predicted that the the parsing grpwas 10.54 times more liketg correctly
respond to the item than the input flood group at the delayed pest compared to
the pretest (b [Cl] = 2.22.52, 3.9], SE = 1.0%= 2.15p = .032, OR [CI] = 9.pD68,
50.39).

Table 4. 2.37 The fixed effects of the model analysis of ORGtructure for sentence correction task
in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORI[CI]

Intercept -.65 F1.63, 0.32] 59 -1.11  .269 .52[0.20, 1.38]

test vs.parsing 1.26 [0.05, 2.48] 74 171 .088 3.54 [1.05, 11.98]
testvs.input 1.71 [0.46, 2.96] 76 226 .024 5.53[1.59, 19.24]
pre- vs.post 2.63[1.61, 3.65] .62 424 <001*** 13.84 [4.99, 38.40]
pre- vs.delayed 3.65 [2.43, 4.86] 74 495 <001+ 38.32[11.41, 128.72
testvs.parsingx pre- vs.post -.65 F2.03, 0.72] .83 -78 .433 .52 [0.13, 2.05]
testvs.input x pre- vs.post -1.90 F3.27,-0.52] .84 -2.27 .023 .15 [0.04, 0.59]
testvs.parsingx pre- vs.delayed -1.17 [2.73,0.38] .95 -1.24 .215 .31 [0.07, 1.47]

testvs.input x pre- vs.delayed -3.53 }5.04,-2.01] .92 -3.83 <001** .03]0.01, 0.13]

Note: Model formula:modell=glmer(circle ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, controgjkmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=0.15 conditional B=062; parsing =
parsing group; input = input flood group; test = testly group;bold typeface indicates a
reliable effect * significantly differently from zero wheth < .05 *** significantly differently
from zero whert < .00%1
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e) Summary

The statistical results indicated th#te participants as a whole gained at the paasnd
delayed postest. Referring to the descriptive results and the plots, this improvement
was mainly attributed tahe gains of the parsing and the testly groyp. The gains of

the input flood group across &étime were very small according to the means of the
group at each test phase, and there was no reliable effect that could be found with the
input flood groupwith the changes over time.

The model results indicated that in SROREA and ORCstructures, the input
flood group hadsmallergains than the other two groupt ORCs, the advantages of
the testonly group over the input flood groupere statistically significanHowever,
the greatergains of the tesbnly groupmight becausehe test-only goup had much
lower pretest scores than the other group¥et, &the post andthe delayed postest,
the testonly group did not havsignificanthigher score than the other groups.
Moreover, the parsing group scored at ceiling at the pasd delayed pst-test,
though the range of improvement might nbe statistically diférent than the testonly
group (asnhoted, this might be because the teshly group had lower préest scores
than the other groups).

In summary, teaching parsing strategissemed tdfacilitate sentence correction
in the metalinguistictest, butthere was no evidencef any sucltadvantages oinput
flood training. In additionit seemed thathe testonly group gained frondoingthe
tests, especially for the ORCand OR{Cdructures.

4.2.53 Analysis of accuracy scores i@&fasonexplanation of themetalinguistictest

a) Descriptive analysis

Table 42.38presents the mean3[¥) scores of each group at each test phase
results suggested that for all tretructures the three groups scored extremely low at
the pretest, especially the parsing and the testly group.The parsing group showed
the significant improvemenrdt the posttest for all the structuresthough theyhad
some decrease at the@elayedpost-test {hough these scores westill much higher

than the pretest scores). The range of improvement was larger for the SRCs than the
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ORCs. e input flood group almost hasimescoreacross the timeThe testonly
group showed small gains at the delayed pest for SREA and ORG, but not for the

SRA and OR@ structures.

Table 4. 238 Mean (SD$ scoresof reason explanation task immetalinguistic knowledge test

Structure test phase parsing input flood test-only
SRAA pre-test .07 (.26) 13 (.34) .02 (.14)
(k=2) posttest 41 (.50 13 (.34) .04 (.19)
- delayed postest .30 (.46) 13 (.34) .10 (.30)
SR@ pre-test .04 (.19) 12 (.32) .04 (.19)
(k=2) posttest 41 (.50) 12 (.32) .02 (.14)
- delayed postest .33 (.48) .15 (.36) .04 (.19)
ORCA pre-test .09 (.29) .10 (.30) .04 (.19)
(k=2) post-test .33(.48) 11 (.32) .04 (19
- delayed postest .31 (.47) 12(.32) .08(.27)
ORG pre-test .04 (.19) 12 (.32) .04 (.19)
(k=2) post-test .35 (.48) .08 (.27) .02 (.14)
- delayed postest .24 (.43) .10 (.30) 12 (.32)
b) Plots

Figures4.2.29t0 4.2.32presents theviolin plots with the boxplots for SR@, SR,
ORCGA and ORCseparatelyFor all the structures, igeneral,all the participants had
extremelylow score at the praest. For the parsing group, thgroportions of low
scores decreased and the proportion of the high scores increased at thegpaolst
delayed postest. The distribution of scores for the input floagloupdid not change
across timeThe testonly group showed somienprovementat delayed postest for
SREA and ORCstructures, though the increase thfe proportion of the participants

who had higlscorewas rather small.
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SREA

Figure 4. 2.29 Comparison of accuracy scores of three learner groups in different test phase for

SRCA structure in the reasonexplanation task of metalinguistic knowledge test

SRd

Figure 4. 2.30 Comparison of accuracy scores of three learner groups in different test phase for
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ORCA

Figure 4. 2.31 Comparison of accuracy scores of three learner groups in different test phase for

ORCA structure in the reasonexplanation task of metalinguistic knowledge test

OR@

Figure 4. 2.32 Comparison of accuracy scores of three learner groups in different test phase for
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c) Examination of effect sizes

The withingroup effect sizeggflecting chang over time are presented in table 4.2.39
Reliable gains were founith the parsing group at posand delayed postest for all the
structures All the pre to posttest comparisas of the parsingrouphad small effects,
and the comparison between the ptest and delayed podest for the SRCstructure
also had small effects. The score changes of the input flood and therigsgroup

were negligible, because the 95% Cls padsbsough zero.

Table 4. 2.39 Within-COT O0b A A££A A Od) (Pr% & for #ebhdbridx@abBation task of
metalinguistic knowledge test

structure group pre-post pre-delayed post-delayed
SRAA parsing .841[.44,1.23] .48[.20,.77] -.22F}.50, .05]
(k=2) input flood .00 [.27, .27] .00 F.27,.27] .00 .27, .27]

- testonly .08 [.19,.35]  .23}.05,.51] .25F[.03,.52]
SRa parsing 99 [.58,1.38] .64[.35,.94] -.17 }.45, .10]
(k=2) input flood .00 [.27,.27] A1F.16,.39] .14 [.14, .42]

- testonly  -.08[.35,.19] .00}.27,.27] .14 [.14, .42]
ORGA parsing .61[.22, .99] 48 [.20,.77] -.04 }.31, .23]
(k=2) input flood .05 [.22, .33] .06 .21, .34] .00 }.27, .27]

- test-only .00 [.27,.27] A1[.16,.39] .14 [.14, .42]
ORG parsing .86 [.46, 1.25]  .45[.17,.74] -.22}.50, .05]
(k=2) input flood -.11 }.39,.16] -.08 }.35,.19] .06 [.21, .34]

testonly  -.08[.36,.20] .20 [.08,.48] .33[04,.61]

Note: Bold typefacendicates thathe CI did not pass through zero.

The effect sizes of between group contrasts, reflecting the differences among
groups,were shown in table £.40. At the pretest, the higher scores of the input flood
group over the tesbnly group had the small effecter SREA structure

At the posttest, the reliable effect sizes were found with the parsiegsusinput
flood and testonly groups for all the structures, and most of them had small to
medium effects. In addition, for SRGhe scores comparison between the parsing and
the testonly group hadhe large effect.

At the delayed postest, the advantages of the parsing group over the input flood
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and the testonly group were reliable in SRC SRT and ORE structure, and had

small to medium effects. Moreover, another small effect was found with the input

flood and the testonly group comparison for the SR&tructure. The other differences

betweengroupswere negligible because the 95% CI paskealghzero.

The changes af from the pretest to the post and delayed postest indicated

that the parsing group made more gains than the input flood and thedaekt groups

across all thestructuresat the post and/or the delayed postest with small to large

effects.In additon, the all of the changes afdid not reach the small benchmark with

the comparison between the input flood and the testly group.

Table 4. 2.40 Within-COT OB A ££&A A Od) ®EW & for #chdbridx@abation task of
metalinguistic knowledge test

parsing vs. input parsing vs.

input flood vs.

structure test phase
flood test-only test-only
pre-test -20 }.58, .18] .26 .12, .64] .44 1.05, .83]
SRAA posttest .641[.24,1.03] .97[.57,1.37] .34F.04,.73]
(k=2) delayed postest 40 [.01, .78] 51 [.13, .09] 12 F.27, .50]
pre-postd change .84[N/A] JT1[N/A] -.10 [N/A]
pre-delayedd change .60 [N/A] 25[N/A] -.32[N/A]
pre-test -30}.68,.09] -.01F.39,.37] .29F.10,.67]
SR@ posttest .70[.30,1.09] 1.06][.65,1.46] .39].00,.77]
(k=2) delayed postest 42 [.04, .81] .81[.41,1.20] .40].01, .78]
pre-postd change 1.00 [N/A] 1.07[N/A] .10 [N/A]
pre-delayedd change .72[N/A] .82[N/A] A1 [N/A]
pre-test -01F.39,.37] .22F.17, .60] 23 F.16, .61]
ORGA posttest .53 [.15, .92] .81[.41,1.20] .29 F.10, .67]
(k=2) delayed postest 49 [.11, .88] .62 [.23,1.01] .13F.26, .51]
pre-postd change .54 [N/A] .59[N/A] .06[N/A]
pre-delayedd change .50 [N/A] 40 [N/A] -.10 [N/A]
pre-test -30([-68,.09] -.01F.39,.37] .29F.10,.67]
ORG posttest .70[.30,1.09] .92[.52,1.33] .27F.12,.65]
(k=2) delayed postest .39 [.00, .77] .33 [-06, .71] -.06 .45, .32]
pre-postd change 1.00 [N/A] .93 [N/A] -.02[N/A]
pre-delayedd change .69[N/A] 34[N/A] -.35[N/A]

Note: Bold typefacendicates thathe CI did not pass through zero.
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d) Inferential statisticalanalysis

The inferential statistical analgsof reasonexplanation task ofmetalinguisticask

were conducted using mixed effect logistic regression moaeld models for each
structure were run sparately. The models with the baseline of the testly group and
the baseline of the input flood group were calated separately. For the input flood
baseline model, only thsignificanteffects related to the comparison between the
input flood and the parsing group would be reported in this secffonfull results see
appendix32). The AIC and LRT results foodel selections see Appendix25.

SREA

The model results for SFCare shown in table £.41 The statistically significant effect
was found with thecomparison betweepre- anddelayed postest, which indicated
that the participants as a whole performed better at the delayed gest thanat the
pre-test. In addition, the interaction between the group (teshly vs. parsing group)
and test phase (preest vs. postiest) was faind to be reliable, as the Cl around the
estimateb did not pass through zer@he parsing group was predicted to be 2.94 times
more likely to providenetalinguisticknowledgethan the testonly groupat the

posttest compared tdhe pre-test. In the modelwith the input flood baseline, the
statistically significant effects could be found in the two interactions between group
and test phaselt was predicted that the parsing group was 51.51 and 17.41 times
more likely to providenetalinguisticknowledgethan the input flood grougat the post
and the delayed podest compared to the preest respectively (input flood vs. parsing:
pre-test vs. posttest: b [Cl] =3.94[1.78, 6.1(, SE = B1,z=3.00,p=.003 OR [CI] =
51.51 [5.93, 447.80]nput flood vs parsing: preest vs.delayedposttest: b [Cl] =2.86
[.73, 4.93, SE = 29,z=2.21 p= .®7, OR [CI] £7.41[2.08, 145.8}).
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Table 4. 241 The fixed effects of the model analysis of SRCstructure for reason explanation task
in metalinguistic knowledge test

Fxed effects Estimate [CI] SE z p ORICI]

Intercept -8.49 [11.79,-5.19] 2.01 -4.23 <001** .00 [00, 0.01]
testvs.parsing 2.69[F0.59,5.96] 199 135 .178 14.66 [14.66, 389.21]
testvs.input 2.65[-0.45,5.74] 1.88 1.41 .159 14.09 [0.64, 310.27]
pre- vs.post 1.21F1.27,3.69] 151 .81 421 3.37[0.28, 40.16]
pre- vs.delayed 2.82[0.43,5.22] 1.46 1.94 .053 16.80 [1.53, 184.45]
test vs. parsingx pre- vs. post- 2.941]0.06,5.83] 1.76 1.68 .094 18.99 [1.06, 340.68]
testvs.input x pre- vs.post -1.00F3.87,1.88] 1.75 -57 .568 .37 [0.02, 6.53]
testvs.parsingx pre- vs.delayed .18 [2.58,2.95] 1.68 .11 913 1.20 [0.08, 19.02]
testvs.input x pre- vs.delayed -2.67 [5.48,0.14] 1.71 -1.57 .117 .07 [0.00, 1.14]

Note: Model formula:modell=glmer(explain ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=0.16, conditional B=087; parisng =
parsing group; input = input floogroup; test = testonly group bold typefaceindicates a
reliable effect *** significantly differently from zero wheh < .001

SRa@

Table 42.42presents themodelresultsof SR& structure. The statisticaignificant
effects were found with one comparison and tweractions.The results indicated
that comparedto the pretest, the parsing group wasore likely to provide
metalinguisticknowledgethan the testonly growp at the post and delayed postest
with extremelyhigh odds ratioHowever, comparison between the teshly and the
parsing group suggested that the testly group significantly outperformed the
parsing group as a whole. This effect was conflicted thighdescriptive results and the
effect size. It is hard to explain why this effect occur, it might because the sample size
for each items was rather small (k = @) addition, in the model with the input flood
baseline, thanput flood was predicted todmore likely to providenetalinguistic
knowledge than the parsing group as a whatgq(t flood vs. parsind [CI] =-7.57
[-13.40,-1.74, SE 8.54,z=-2.14,p= .83, OR [CI] :00[.00, .1§). Compared to the
pre-test, the parsing group was predicted to be more likelprovide metalinguistic
knowledgethan the input flood group at the pos(input flood vs. parsing: prest vs.
posttest: b [Cl] =10.80[5.60, 16.0], SE 3.16 z= 342, p= .0, OR [CI] 4.91E+04
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[270.16, 8.93E+(QHand the delayed pogest (nput flood vs. parsing: preest vs.
delayed postest: b [Cl] =8.20[3.31, 13.1), SE 2.97,z=2.76,p= .06, OR [CI] =
3685.86[27.39 4.89E+0}.

Table 4. 242 The fixed effects of the model analysis of SRGtructure for reason explanation task
in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p OR[CI]
Intercept -10.21 [13.96,-6.46] 2.28 -4.48 <001** .00[0.00, 0.00]
testvs.parsing -7.50 [13.68,-1.32] 3.76 -2.00 .046 .00 [0.00, 0.27]
testvs.input 0.07 F4.17, 4.31] 2.58 .03 979 1.07 [0.02, 74.11]
pre- vs.post -.90 [3.47, 1.67] 156 -58 .564 0.41 [0.03, 5.30]
pre- vs.delayed 0.11 [2.12,2.34] 1.36 .08 .936 1.12[0.12, 10.42]
testvs.parsingx pre- vs.post 11.79[6.34, 17.25] 3.32 3,56 <001*** 1.32E65 [564.74,
3.10E07]
testvs.input x pre- vs.post .99 [2.23, 4.21] 1.96 .51 .612 2.70 [0.11, 6R7]

testvs.parsingx pre- vs.delayed 9.44 [4.34, 14.54] 3.10 3.05 .002* 1.26E04 [76.90,
2.06E06]
testvs.input x pre- vs.delayed 1.23 }1.68, 4.15] 1.77 .70 486 3.44 [19, 63.32]

Note: Model formula:modell=gimer(explain ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)Narginal B=.06, conditional B=.98; parisng = parsing
group; input = input floodjyroup; test = testonly group *** significantly differently from zero
whenh < .001 ** significantly differently from zero wheh < .0%, * significantly differently
from zero wherh ™ .05

ORCA

The model results of OREstructure (shown in table 2.43 had astatistically

significant effecin the interaction betweerthe group andthe test phase. The results
suggestedhat the parsing groupvas more likely to providemetalinguisticknowledge
thanthe testonly group at the postest comparedto pre-test with very high odds

ratio 53.23 Moreover, in the model with the baseline of the input flood groth®e

parsing group was predicted to be 28.06 times and 17.72 times more likely to provide
metalinguisticknowledgethan the input flood grougt the post andthe delayed

post-test respectively compared to the ptest (input flood vs. parsing: preest vs.

posttest: b [CI] = 333[.85, 5.82, SE 4.51,z=2.21, p = .®7, OR [CI] 28.06[2.34,
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335.7; input flood vs. parsing: preest vs. delayed pogest: b [Cl] = 2.8 [.49, 5.26,
SE = 45,z=1.99 p=.047, OR [CI] = 172[1.64 191.89).

Table 4. 243 The fixed effects of the model analysis of ORECstructure for reason explanation task
in metalinguistic knowledge test

Fixed effects Estimate [CI] SE z p ORICI]

Intercept -8.23 }11.69,-4.77] 2.10 -3.91 <o001*** .00 [0.00, 0.01]
testvs.parsing A7 F3.48, 4.41] 240 .20 .846 1.59 [0.03, 82.40]
testvs.input 45 [2.55, 3.45] 1.82 .25 .804 1.57 [0.08, 31.57]
pre- vs.post -.24 }2.33, 1.84] 1.27 -19 .847 0.78[0.10, 6.32]
pre- vs.delayed 1.04 }F0.85, 2.92] 1.15 0.91 .365 2.82[0.43, 18.58]
testvs.parsingx pre- vs.post 3.97 [1.21, 6.74] 1.68 236 .018 53.23 [3.35, 846.09]
testvs.input x pre- vs.post .64 [2.07, 3.35] 1.65 .39 .698 1.90[0.13, 28.60]
testvs.parsingx pre- vs.delayed 2.38 }0.12, 4.88] 152 157 .117 10.83[0.89, 131.88]
testvs.input x pre- vs.delayed -.49 [3.04, 2.06] 155 -32 751 .61 [0.05, 7.82]

Note: Model formula: modell=gimer(explain ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyqa",optCtrl=list(maxfun=100000)Ntarginal B=.06, conditional &.92;parisng = parsing
group; input = input floodjroup; test = testonly group *** significantly differently from zero
whenh  § ;dsignifieantly differently from zero whem>xp5

OR@

Thestatisticalresults for ORC structure are shown in table 244 An interaction
between the group and test phase was foundoe statistically significantt suggested
that the parsing group hadignificantlyhigher probability oproviding metalinguistic
knowledgethan the testonly group at the postest relativeto the pre-test. In addition,
acomparisorbetweenthe pretest and the delayed pogest was found to be reliable,
whichindicated that theparticipantsas whole were more likely to provide
metalinguistic knowledge at the delayed passt compared to there-test. In the
model with the baseline of the input flood grougyo two-way interactionswvere found
to be statisticallysignificant(input flood vs. parsing: preest vs. postest: b [CI] =5.80
[3.14, 8.4%, SE = 1,z=3.59 p< .001 OR [CI] 829.37[23.17,4682.74; input flood
vs. parsing: préest vs. delayed podest: b [Cl] =4.08[1.61, 6.5%, SE 4.50 z=2.72
p= .07, OR [CI] 59.00[4.99 697.11).
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Table 4. 244 The fixed effects of the model angbis of OR@ structure for reason explanation task
in metalinguistic knowledge test

Fxed effects Estimate [CI] SE z p ORI[CI]

Intercept -7.55}10.48,-4.62] 1.78 -4.23 <001*** .00 [.00,.01]

test vs.parsing -02[3.24,3.20] 196 -01 .992 .98 [04,24.50]

test vs.input 1.71F1.03,4.44] 166 1.03 .304 5.52 [0.36, 84.98]
pre- vs.post -93F3.24,1.39] 141 -66 511 .40 [0.04, 4.01]

pre- vs.delayed 2.00[0.15,3.85] 1.13 1.78 .076 7.39[1.16, 47.00]
test vs.parsingx pre- vs.post 5.85[2.77, 8.93] 1.87 3.12 .002* 347.52 [15.95, 7571.61]
test vs.input x pre- vs.post -14 }3.04,2.77] 1.77 -08 .937 .87 [0.05, 15.89]

test vs.parsingx pre- vs.delayed  1.72 }.90, 4.34] 159 1.08 .281 5.57 [41, 76.50]

test vs.input x pre- vs.delayed -2.49 F4.97,.00] 151 -1.65 .099 .08 [.01, 1.00]

Note: Model formula:modell=glmer(explain ~ group*stage + (1|subject) + (1|item),
data=meta_score, family=binomial, control = glmerControl(optimizer =
"bobyga",optCtrl=list(maxfun=100000)Marginal B=.12, conditional &.87;parisng = parsing
group; input = input floodyroup; test = testonly group bold typeface indicates a reliable effect
*** ggnificantly differently from zero wheh < .00% ** significantly differently from zero
whenh < .01

e) Summary

In summary, for the reason explanatitask the beneits of teaching parsing strategies
reveakd by both descriptive andtatisticalresults, were vergubstantial The
participants of the parsing group showsijnificantimprovement at the postand
delayed postest for every structure. laddition, the input flood group almost kept the
same scores across the time, which means that the input flood training did not
facilitate thelearning of metalinguistic knowledg&he nean scores of the tesginly
group showed some gains at the delayed pest for the SR@ and ORCstructures,

but the effect sizesesultsindicated that the gains weneegligible

4.2.54 Summary of the three taskef the metalinguistic test

In the frst task, deciding whether the sentence matched the picture or footthe
matched items, alihe three groups performed at ceilirfigr all the structures across
the time. For the mismatched items, the parsing group and thede$t groyp showed
signifcantly more gains than the input flood group for SR@d ORE at the post and
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at the delayed postest compared to the praest.

Inthe second task, correct the mismatchedntenceto make itmatch the picture,
the parsing and the tesbnly group had more gains than the input flogebupat the
post and/or the delayedposttest compared to the préest.

In thethird task, explain the reason fevhy the sentence mismatched the picture
only the parsing group shed statisticallysignificanimprovementsat the post and
the delayed postest. The other two groups could not provide metalinguistic

knowledge across the time.
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Chapter 5 Discussion

In this chapter, the findings of the current study will be discussele light of
previous studies. Thaiscussion will be structured around tihesults of the two
research questions.

Section 5.1 will discu$3Q 1: Which type of relative clause (SRC vs. ORC) is more
difficult in online and offline comprehension, orabpluction andmetalinguistic
knowledge tests?

Section 5.2 will discu$3Q 2:To what extentan teaching parsing strategi@sith
explicit information and practigeexposure alone, amo exposure (tests along)

develop the learning of relative clauses?

5.1 Which type of relative clause (SRC vs. ORC) is more difficult in online,
offline comprehension, production metalinguistic knowledge, and the

role of animacyof main clause noufd

5.1.1 Summary of findings

5.1.1.1 SRCs vs. ORCs

To answer this question, wexamined the data from the native speakers and from the

L2 learner§pre-test data only (i.e., before they had undertaken the trainifigye
expectation that the ORCs would be more difficult compared to SRCs fonainth
speakersaand L2 learners was pally supported. Thaative speakersonsistently
performed better in SRCs compared to ORCs across all the online and offline measures
exceptin the metalinguistic knowledge test. It was found thlaé native speakers

could not provide metinguistic knovledge for either type of relative clause (j.&

the taskwhere they had to provide eeasonfor their answe}). However, in the other

two tasks of the metalinguistic knowledge test (igecide whether the sentence

matches the picture or not; correct éhmismatched sentences to match the picture),

they were able to respond correctly, and, moreover, they had higher accuracy scores in
SRCs than ORCs.

The L2 learners generally scored higher in SRC items than ORC items in the offline
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comprehension test, th&PR test, and the oral production test. In the-&yeking test,
only the SRCs with animate heads were easier than the OR&lss, he L2 learners
fixated on the target pictures earlier in SRCompared to SRICOREA and ORC
items. In the metaliguistic knowledge test, the L2 learners were not able to provide
metalinguistic knowledge for either structure, similar to th&tive speakersFor the
other two tasks of the metalinguistic knowledge tédecide about a match or
mismatch; correct thesentenceto match the picture)the L2 learners scored higher in
both types of reléive clauses with animate heads these two taskghe accuracy
scores of SRCs were not significantly higher than those of ORCs.
5.1.1.2 Animacy in relative clause proasg and production
In terms of the influence of animacy in processing and producing relative clQREs
with inanimate heads were predicted to be easier than the ORCs with animate heads
for both native speakerand L2 learners. It was indeed found thia¢ native speakers
had higher accuracy scores in GR&ms compared to ORE items in some of the
tests, including the oral production and the metalinguistic knowledge tests (the
deciding¥hatch or mismatcR (. Haivéver, it was onlyhe difference in scores
between OR@ and OR@ in the oral production testhat wasactuallystatistically
significant.In fact in the offline and the onlineomprehensiomeasures (i.e., SPR,
eye-tracking), there seemed to be a numerical trend towards the oppositérig(i.e.
higher scores, more sensitive to the mismatch and earlier fixations forAORlative
to OR@), though neither trend was statistically significant.

For the L2 learners, contrary to the prediction, they did not perform better in
ORG@ relativeto ORCA. Instead, they scored higher in OREelative to ORCacross
all the measures except for the eymacking and the oral production tests, where the
performance for OR®B and ORCwas roughly equal.

Thesefindings will now be discusseal the ight of previous studies.
5.1.2Discussion of symmetrybetween SRC and ORClitand L2 processing and
production

It was observed that in general, SRCs were easier to comprehend and produce than
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ORCs for both NSs and L2 learn&tss findingvas in linewith previous studies (e.qg.
5ASaaSt g ¢2YlLaStt2x wnnpT YSSYlLyYy 39 [ 2YNJ
Morris & Seely, 2002).

5.1.2.10ffline comprehension

There were two tests that were used to measure offline comprehension; the aural
sentencepicture matching and the first task (the task of deciding whether the
sentence matched the picture) of the metalinguistic knowledge test. For both offline
comprehensio measures, the NSs scored at ceiling for SRCs (in aural septetuce
matching test: mean [SRken= .94 [.25]mean [SD§ra = .93 [.26]; in the first task of
metalinguistic knowledge test (mismatched items): mean ErBF .93 [.26], mean
[SD]sra = .98 [.15]). Compared to SRCs, in both measures they scored loover in
type of ORCs (in the aural senterpeture matching test: mean [SBea = .91 [.29],
mean [SDbra = .84 [.37] in the first task of the metalinguis knowledge test
(mismatched items)nean [SDbrea = .81 [.40] mean [SDpra = .93 [.26]). This was
statistically significant (i.efor ORGA in aural sentenceicture matching test and ORC
in the first task of the metalinguistic knowledge test).

Similar findings were observed with L2 learnerghiaural sentencepicture
matching test, the L2 learners also perfadibetterin SRCs (mean [Sfax= .86 [.35],
mean [SD}ra = .86 [.34]) tharone typeof ORCs (mean [SE¥ca = .84 [.37]mean [SD]
ora = .77 [.42). The advantagor SRCs was statistically significant. In addition, the
same tendency also could be found in the first task of the metalinguistic knowledge
test (for mismatched items: mean [S&}n= .84 [.37]mean [SD§rg =.74 [.44], mean
[SDJorea = .80 [.40]mean [SDpra = .61 [.49].

In sum, the current study demonstratesh asymmetry between SRC and ORC in
offline comprehension. Although the NSs were expected to score at ceiling for all types
of relative clauseghey still showed some deficits in ORCs.
5.1.2.20ral production
In the oral production test, theative speakerscored at ceiling for SRCs (mean [SD]

srea= .94 [.23], mean [Slgga = .93 [.31]), but had rather low scores in ORCs (mean [SD]
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orea= .44 [.50], mean [SIBka = .55 [.50]).The L2 learneshad lowerscores when
producing relative clauses compared to comprettieg them,regardless of the type of
relative clauses. They could only correctly produce around half of the SRCs, and the
rate of accuracy was lower for ORCs (for both types of ORCs: mean [SD] = .33 [.47]).
Thesefindings fromoral production suggest striking advantage of SRCs over
ORC:s for bothative speakerand L2 learners, which is in line with previous studies
aboutreldi A S Of I dzaS& LINRPRdzOUAZ2Y O6Sod3ads 5ASaa
2016).Both native speakesrand L2 learners tended to produce passive SRCs when they
were expected to produce ORCs. In the designing of the test, in order to elicit ORCs
rather than @mssive SRCs, the salient cues, @escription of each picture in simple
sentences with active voice) were provided. However, the participants still made the
endeavour to produce passive SRCs, and this accounted for 77% and 88%wbtb2
for nativespeakersaand L2 learners respectively in producing ORCs. To some extent, this
preference couldilsodemonstrate that SRare easier than ORCand the
participants are more likely to insert a subject gap than an object gap when they
produce relative clases.
5.1.2.3Metalinguistic knowledge
In the metalinguistic knowledge test, the second and third tasks asked the participants
to correct the mismatched sentences to match the picture and explain why there was a
mismatch. It was found that the asymmetry heten SRCs and ORGsnot
statistically significant, though numerically thative speakersould correct more SRC
sentences (mean [SEa= .75 [.44], mean [Sla}a = .78 [.42]) than ORC sentences
(mean [SD}rea= .64 [.49], mean [SBka = .68 [.47])Contrary to expectationghe L2
learners did not, numericallyshow superior competence in correcting SRCs (mean [SD]
srea= .64 [.48], mean [SIgka= .59 [.49]) to ORCs (mean [SRh= .72 [.45], mean [SD]
ora = .54 [.50]) Infact, they performed better irone typeof ORC. Tt numerical
findingsfor L2 learners were inconsistent with tideathat ORG aremore difficult
than SR€(as found bye.g. Keenan & Comrie, 197However, our finding might just

be a chance findingecause the higher accuracy score of @R@mpared to SRGss
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not in factstatistically significanfThus, it was found that there was not a reliably,
substantial difference between ORCs and SR@® metalinguisticknowledgetest,
which can neither aafirm nor disconfirm previous research.

The findings ohative speakerand L2 learners suggested that in the sentence
correction task, ORC is no more difficult than SRC, and at least the advantage of SRC is
not as salient as that in offline comprehenseamd production. This might be due to
the nature of the task itself. In this task, the participants were required to move only
one word to make the sentence match the picture. It is possible that the participants
noticed that for every mismatched sentenfehether ORC or SRGhoving the verb of
the clause forward or backward would achieve the match of the sentence and the
picture. When they were aware of this pattern, thase potentially able to apply it to
every mismatched item, which makes ORC seems to have a similar difficulty level with
SRCs.

However, in the task diaving to give aeasonto explan their correction neither
the native speakersor the L2 learners demonstrated thiitey had metalinguistic
knowledge about either type of relative clause. The findings of NSs are in line with
Green and Hecht (1992) that argued that NSs were could correct sentences without
knowing the explicit rules. In addition, the findings of L2 leesra@e consistent with
those ofKasprowicz and Marsden (204&)ough with a veryifferent type of
participant) Theysuggestedhat the learners did not have metalinguistic knowledge
about the target structures before receiving the intervention.
5.1.2.40nline comprehension
Online comprehension was measured by SPR and wawdd eyetracking tess. The
native speakerand L2 learnera/ere more sensitive to the syntactic cues during
reading and listening to SRCs compared to ORCs, thbisghattern wasot
statistically significant.

Native speakers
In the SPR testhe native speakerslid not show sensitivity to the syntactic cue as soon

as the first critical word came. They started to become sendibitke
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sentencepicture anomalyat the third critcal word(the third word after the
disambiguating cudpr SRCs anone typeof ORCs (e.g., SR®e cat that chases the
dogis big ORCThe cat that the doghasess big, while forthe other type of ORCs,
sensitivity was observed at the third critical wadd the next word following the
critical region (e.g., ORThe car that the bike hiisred). In addition, at the third
critical word, the RT differences between the mismatched items and titehmad
items was bigger in SRCs compared to ORCs. Notably, in SP&sttitsyer effect
canhappen.That isthe effects of sensitivity could be observed at the wiotibowing
the word where sensitivitynight be expected tappear (Keating & JegersR015).
Hence, in the current studgensitivitycould occur as early as the second critical word
OA DS dIhe@V AnbuhkElmisHdinding is in line withose ofRoberts and Liszka
(2013)aboutdetecting sensitivity to anomigs.

Inthe eyetracking test the native speakerdemonstratedthe ability of using
syntactic cuen interpreting the meaning of sentencewhich is line with previous
studies (e.g., Altmann & Kamide, 1999; Chen, 2010; Hopp, 2015; Hopp & Lemmerth,
2018; LewWwilliams &Fernald, 2010). Relating to the processing difficulty of SRCs and
ORCs, theative speakerstarted to fixate on the target pictures earlier in SRCs
compared to ORCs. For SRCs, they could use the languagereepi@t the meaning
of the sentence durig the first critical words (i.ethe verb), and this time point was
around 400 ms after the onset of the first critical word. On the other hand, for ORCs,
the native speakerstarted to look at the targets between the end of the second
critical word (i.e, the noun) and during the third critical word (i.¢he verb), between
600 ms and 800 ms after the onset of the first critical word. Thusp#tiee speakers
started to use the language cue poocessghe meaning of SRCs 200 ms to 400 ms
earlier than ttat of ORCs. However, it is usually assumed that launching an
eyemovement to the intended region would take around 200 ms (Barr, 2008), and this
time period could be as short as 100 ms (Altmann, 2011). Hence, the earliest time
when thenative speakerstarted to comprehendthe meaning of the ORCs might be

during the second critical word (i.e¢he noun).
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L2 Learners
In the SPRhe L2 learners started to become sensitive to the sentgricture
mismatch at the third critical word for SRCs and one type @<)Bnd the RT
differences between mismatched items and matched items were bigger in SRCs
compared to the ORC. Considering the possibility of theml effect, sensitivity of
the mismatch could take place one word before being observed. Thus, tearln2is
might start to be sensitive to the mismatch at the second critical word. In addition,
notably, for one type of SRCs and one type of ORCs, the L2 learners were still sensitive
to the mismatch after the critical words, as the RT differences increastée next
word following the critical region. For another type of ORCs, the L2 learners did not
show sensitivity to the mismatch across the sentence. Therefore, in general, the L2
learners were more sensitive to mismatch in SRCs relative to ORCs.

For he eyetracking test the L2 learners could fixate on the target picture before
the end of the first critical word foone typeof SRCs, but fahe other type of SRCs
and ORCs, the li€arnerscould only start to look at the target picture during ttrerd
critical word. To some extent, tieresultswere consistent with thedeathat SRCs
were easier than ORCs in online comprehension.

The findings from theesultsof the L2 learnersight indicate themodified
Shallow Structure Hypothesis (SSH) (@al& Felser2018. However, as the current
study did not aim to direct compare the native speakers with L2 processing, it was just
a tentative suggestiorThe SSH stateélsat compare to native speakerk2 learners
tend to rely more on the nogrammaticainformation (relative togrammar
information)in sentence processinghus,L2 learners might be less sstive tothe
syntactic cues and might have reduced ability in using the cues compare to native
speakersThe current studyound thatL2 learners could use the syntactic cues (at least
for some structures) to process relative clausesome extent The results of the SPR
and the eyetracking suggested that the L2 learners lzegimilar pattern of processing
with the native speakerghe L2 learners wermdeedless sensitiveo the syntactic

cues butnot insensitiveln the SPR test, both theative speakerand the L2 learners
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started to be sensitive to the anomaly at the third critical word. Nevertheless, the
native speakergecoveral from the slower RTs in reading mismatched items relative to
the matched items at the next word straight after the critical region (exémpbne
type of ORCs), while the L2 learners continued reading the mismatched items slower
than matched items at thaext word after the critical region. Fone typeof SRCs and
one type of ORCs, the L2 learners showed the biggest RT differences between the
mismatched and matched items at the waatter the critical region(after the third
critical word) which indicated that the L2 learners might be more sensitive to the
anomaly after the critical region3his findingsin line withthat of Fujita and Cunnings
(2021) and Williams et al. (2001), which found that L2 learners could process sentences
in the similar way witmative speakerbut L2 learners werperhaps slower that native
speakers

In the eyetracking test, the L2 learners showadimilar pattern of
eye-movements with thenative speakersThe L2 learners could fixate on the target
picture bdore the end of the critical regions for all the structures, though cioe type
of SRCs and ORCs, the L2 learstarsed to correctly process sentendeser than the
native speakersThe findings demonstrated that the L2 learners shotey were
ableto usesyntactic cues tinterpret the meaning of the upcoming information, and
the ability of using the cues was influenced by the structures (i.e., they showed the
anticipatory behaviour imne typeof SRCbut not inthe other structures). This is
broady consistent with the findings of Hopp and Lemmerth (2016), Foucart and
FrenckMestre (2011) and Weber and Paris (2004).
5.1.2.4 Summary
In general, the findings demonstrated that the SRCs are easier than ORCs in offline,
online comprehension and oral production for bathtive speakerand L2 learners.
For online comprehension, the L2 learners shoaadnilar processing patteras that
of the native speakerbut wereperhapsless efficient in using the syntactic cues
compared to thenative speakerf processing the sentences. Howevesijther of the

groups had metalinguistic knowledge about any type of relative clauses.
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5.1.3 Discussioof the influence of head animacy

The findings of tha@ative speakerare partially in line with Macdonald et al. (2020)
which suggested that ORCs with inanimate heads were likely to be easier than ORCs
with animate heads, while SRCs were easier than Gig@sliess of the animacy of

the head nouns. In the current study, as discussed in Section 5.1 2atiwe speakers
constantly performed better in SRCs relative to ORCs. However, the influence of
animacy of head nouan the difficulty of ORCs varied acsohe tests. Only in the oral
production test, thenative speakerproduced statistically significantimore OR& than
ORCA, and in other tests the difficulty of ORRCand ORCwas not statistically

different. In fact, inthe online measures and the bffe comprehension test, theative
speakergended to havebetter performance in OR& compared to ORC Four

possible reasons might be used to explain the findings. First, the current study did not
investigate the influence of the animacy of thecondhoun tothe relative clauses
processindalthough the number of items that had animate or inanimate second noun
wasbalanced. Previous studies found that ORCs vathiinanimatefirst (head) noun

and animatesecondnoun are used more frequently than the ORwith two animate
heads (Fox & Thompson, 1990; Kidd et al., 2007; Reali & Christiansen, 2007); and
Macdonald et al. (2020) also suggested that when the second noun was inanimate, the
ORCs with inanimateeadswere not easier than those with animate head$ws, in

the current study, the influence of the animacy of the head noun mighsmal)

because animacy of the second noun was mitked numbers of animate and

inanimate second nouns were roughly equ&gcond, for offline comprehension,
because thenative speakersscoredat or near ceiling for all the structures, the lower
accuracy scores in OR@lative to OR® mighthavehappered by chance. Third, as
suggested by Macdonald et al. (2020), the influence of keeadhacy is bigger in offline
comprelension than online comprehension. Thusthe online measures in the

current studythe earlier fixation andjreatersensitivity to OR® compared to ORC
mightbe a chance finding~ourth, in the online tests, the participants were allowed to

observe tle picture or pictures and the verb used in the sentence betioeg heard (or
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read) thesentence stimuli. This might decrease the influence of the animacy of the
head noun, because the participants already knew the agent and patient before
processing senteces.

For the L2 learners, thesesultssuggestedhat the L2 learners this study
contradictedthe tendencyobserved irprevious studies. The L2 learners showed
statistically significantly (or at least had reliable effect sizes) higher accuracy scores in
offline comprehension and two tasks wietalinguisticknowledge (i.e.deciding
whether the sentence match the picturegrrect the sentence to match the picture). It
is hard to explain why the L2 learners were likely to have better performance itAORC
rather than OR4. One possible reason might be that the L2 learners did not commonly
use ORCs in English, thus they wargamiliar with ORCs as a whole, and they might
just prefer the relative clauses with animate heads.

In sum, the findings suggest that in general, @R&asier than OR& for native
speakersespecially in oral productigrbut not in online measure®©nthe other hand,
it is found that the L2 learners had better performance in @R@ther than ORCin

all measures

5.2 To what extent can teaching parsing strategiegwith explicit
information and practicg, exposure alone, ono exposure (tests alone)

develop the learning of relative clauses?

5.2.1 Summary of findings

The expectation that teaching parsing strategies with practice would facilitate the
learning of relative clauses was patrtially supported, and the effects coaillybe

found in offlinemeasures. The parsing group showed significant improvements after
training in the offline comprehension, oral production and metalinguistic knowledge
test and the effects were durable. However, in the online measures, the parsing group
only had limited gaus in the SPR test for SRC structures, and the gains could only be
observed at the immediate posést. In the eyeracking test, the parsing group did not

make a substantiamprovement in the timespent onfixating on the target structures
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after training

In addition, the input flood group alsnadesome improvements the offline
tests, thoughmost of them wee not statistically significargnd their magnitude was
less than that of the parsing group.

For the testonly group, very linted improvement cald be found except in the
oral production test for OR& structure and in the offline comprehension tést ORC
structures and one task in the metalinguigtimowledgetest (i.e., correct the
mismatched sentence to match the picture) where significamgrovements were
indeed observed.

These findings will be discussed in light of the previous studies in the following
sections.

5.2.2 Effects of training on offline tests

The findings revealed that teaching parsing strategies with practice faailitdtiene
comprehension, oral productigand metalinguistic knowledge of relative clauses, and
in most cases, the gains of the parsing group were significantly morethioge ofthe

two other groups. These findinggerein line with the previous studies which had
demonstrated the effects of explicit training, ligeocessing instruction (Ripnoffline

L2 learningoutcomes(e.g., Andringa & Curcic, 2015; Benati, 2005; Kasprowicz &
Marsden, 2018; Marsden, 2006; MarsderC&en, 2011; VanPatten & Wong, 2004).

In addition, the input flood group and teshly group also showed some
improvementsovertime. Howeverjn most of cases, the gains of the input flood group
were not significantly more than those of the temtly graup. Because the current
study had a large test battery, the participants had the opportunity to learn the target
structures fromsimplytaking part in the testslest effects couldndeedbe observed in
the current studyand for the groups that did makaigs, at leassometest effect
could be the causethat is, taking the test could interact with the interventiorhe
results indicated thathe input flood training was not as effective as the training of
parsing strategies, and the improvements of thput flood group might be due tthe

test effects. This findingasin line with Marsden and Chen (2011). In their stubg,

292



group which received affective activities (similar to input flood training) did not gain in
offline comprehension. However, tHanding wasnconsistent withthat of Kasprowicz
and Marsden (2018) who found that the input enhancement training had equivalent
effects with Pl in learning German casarking. The different findings might be due to
Kasprowicz and Marsden (2018) providegbior to the input enhancement training
and asked the learners to notice (spot) the form each time (by clicking on the article on
the screen) but the current study did nofl hedifferencebetween the current finding
and that ofKasprowicz and Marsddimding could provide evidence supporting the
role of Elandexplicitnoticing practice duringnput flood training.

In the following sections, the findings of each offline test will be discussed in
detail.
5.2.2.1 Effects of training on offline comprehsion
In the offline comprehension test, all the three groups showed some improvements
across time. For SRCs, the gains in accuracy scores of the parsing group were
statistically more tharthose ofthe input flood (at the postest for SR&\) andof the
test-only group (at the delayed postst for SR and SRQ. For ORCs, the
improvements of the parsing group at the peand the delayed podiests were
extremely small, but reliable (shown by witkgmoup effect size). However, the gains
of the three goups in ORCs were not statistically different between each pair of groups.
Thus, the advantage of teaching parsing strategies with practice over the input flood
training and no training was limited and was shaovity in SRCs.

In addition, the results atsrevealed that the input flood group did not
significantly outperform the tesbnly group at the postand delayed postest
compared to the preest for all the structures, which indicated the input flood training
might not contribute to the developmerdf offline comprehension.

Two possible reasons might be able to explain the limited effects of teaching
parsing strategies. First, the three groups already scored near ceiling at titespreo
the room for improvement was limited. For ORGtructure although the parsing

group did not significantly outperform the other two groups, they already scored at
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ceiling at the post(mean [SD] = .93 [.25]) atiden also athe delayed postest (mean
[SD] = .96 [.19]). Second, for SRCs, although the inferstatiatics showed the

parsing group had more gains than the other two groups at-ustlelayed postest
compared to the preest, the numerical score differences between groups were
relatively small at every test phase (i.e., mean difference no mae t06). Hence, the
statistically significant effects might not have too much practical meaning. The three
groups were likely to have similar amount of gains over time.

Given thatthe first task of the metalinguistic knowledge test (decide whether the
senence matcledthe picture) also measured offline comprehension, the results of
this taskare alsadiscussed here. For the matched items, all the groups scored at ceiling
at the pretest, so nosubstantialchange of accuracy scores could be observed across
the time. For the mismatched items, all the groups showed some improvements at the
post and the delayed podest compared to the praest. The statistical results
indicated that the parsing and the tesnly group significantly had more
improvements in SRl and ORZ compared to the input flood group. In SR@nd
ORCGA, the improvements of the three groups did nave statistically significant
difference.The findings suggest that the participants were able to gaatcuracy
through taking part in theéests. In addition, thegreatergains of the @stonly group
relative tothe input flood group in SRIGand ORZ€might bedue to the lower accuracy
scores of the tesbnly group at the praest and the fact thatthe two groupshen
scored similarly atite post and the delayed podiest. The low score of the tesinly
groupat pre-test mighta chance findingbecause in most casesacross the other tests
in the battery¢ the three groups perforred similally at the pretest.

In sum, teaching parsirgirategies with practice facilitateoffline comprehension,
but the effects were limitedlt seems that theest itself also developed offline
comprehensionThis may béecause the participants involved in the current study had
upper-intermediate languageroficiency, and they scored relatively high at the-fst.
Thus, being more familiar to the targets through attending tests might be sufficient for

the learners to achieve at ceiling at peahd the delayed postest.
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5.2.2.2 Effects of training on af production

In oral production test, all the three groups sheshsome improvement in the accuracy
scores at the postand the delayed postiest for all the structures. The gains of the
parsing groupvere statistically more than thse of theother two graups, especially for
ORCs, and the gains of the other two growgse notstatistically significan The
findings demonstrated striking effects of teaching parsing strategies on the oral
production of relative clauses.

In terms of thegreatergains in ORGhkan in SRCs, two possible reasons might be
used to explain this asymmetry. First, as illustrated in Section 5.1.2.2, the reason that
accounted for 88% of thé#histake€ln ORCs wathat the participants tended to
produce a passive SRC when they were etqueto generate an ORC sentenblete
that during training, the parsing group was provided withtak introducedORG at
the beginningof their practice sessionsind they were forced to comprehend the
meaning of the ORC sentences in practiceactiviies. Coumel et al. (2020)
YSYUA2ySR GKFG LIS2LX SRESVYIRBERSURB Bz §e ¢ | O
production after being exposed #large amount of this structure, and this is known
as syntactic priming (p. 3). In the current stuslychpriming effectscould perhaps
explain the observations from the higher scores amthrggparsing group after the
training. They started to abandon the passive SRCs and started to produce ORCs at the
post and the delayed podiest. Thus, striking improveemts in ORCs were observed.
Second, at the pre¢est, the scores of the SRCs were mhaherthan those of ORCs. It
means that the roonfor improvement was bigger in ORCs relative to SRCs.

In addition, the participants who received input flood trainohid not have
significantly more gains than the participants who amhglertookthe tests.This
finding is in line with Marsden and Chen (2011) and is partially in line with Marsden
(2006). Marsden and Chen (2011) found that exposure to the targets dldmet
develop either comprehension or production of the target form. Marsden (2006) found
that learners that had rather low proficiency could not benefit from enriched input.

However, for the learners with higher initial proficiency,Marsden found thathe
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enriched input grougouldmake similar gains in oral and written producti@tativeto
the Pl(that is, the + El + input practicgioup. The difference of the current study and
Marsden (2006) was that Marsden (2006) provided EI prior to the input aesivwhile
the current study did notThiscould suggesthat L2 learners might not be able to
develop production of target structures through mere exposure to the targets.

Moreover, it should be mentioned that for ORCthe testonly group even
statisitically gained more than the input flood group at the ptesit relative to the
pre-test. Since the gains of the tesinly group were indeed observed, at least some
test effects might haveappened It might suggest that taking part into the tests could
dewelop production ofrelative clausesHoweverthe more gains of the tesbnly group
than the input flood group in ORE mightjust due tothe testonly group had lower
pre-test scores (mean [SD] = .21 [.41]) than the input flood group (mean [SD] = .41
[.49]).1t is unknown whether the low preest scores of the tesbnly group were
attributed to the lack of ability in producing ORRCor just happened by chandgis
possible that themore improvementof the testonly group jusbecause the tesbnly
group accidentally scored very low at the gest, and scored normally at the petst.
Thus, it is difficult to knowHow muck{lest effectsoccurred
5.2.2.3 Effects of training on mekaguistic knowledge
In the metalinguistic knowledge test, the parsing and the-tedy group showed
almost identical improvements at the pestnd the delayed posiest compared to the
pre-test in the task of sentence correction. The input flood growprait show
significant gains across the time in this task.

However, in the task of reason explanation, the three groups all scoriabatt
the pretest. Only the parsing group showed improvements in providing metalinguistic
knowledge at the postandthe delayed postest, though slight decline could be
observed at the delayed postst compared to the pdstest.

The findings suggested that teaching parsing strategies could facilitate the
competence in sentence correction, and the learners were alsotalgain this

competence through the test itseHowever, the finding that the testnly group
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statistically hadyreatergains than the input flood group was contrary to expectasion
This finding could be attributed to two possible reasdfisst, forSRCs, the input flood
group had similar accuracy scores as the test only group at the gausstthe delayed
posttest (see table 4.2.31). However, the input flood gr@gpred much higher than
the testonly groupat the pretest (the difference between thawvo groupsevenhada
smallbut meaning and reliableffect sizeSREA: d = .40 [.00, .79], SRCd = .50
[.10, .90]). Thiprobably ledto the significanty better gainsfrom the testonly group
compared to the input flood group for the SREecond, tle characteristics of the task
might account for the finding. The metalinguistic knowledge test only had two items
for each type of relative clausand the way of correcting the sentence was to move
the verb before or after the noun. The significant gaohghe testonly group might be
due to individual differencg which could not be measured in the current stusgme
participants of the tesbnly groupmay havgust known or worked out (though better
language analytic ability, sé&&asprowiczMarsden &Sephton 2019 the rule of
sentence correction, so the improvements could be observed.

The finding that only the parsing groupadeimprovements in providing
metalinguistic knowledge dhe post and delayed postest was in line with
Kasprowicz and Marsdg2018) who found that the explicit instruction benefited
metalinguistic awareness. In the current study, only the parsing group received explicit
information aboutthe target structures, and the results suggested that some of them
indeed learned the knowledge from the training. However, although the parsing group
had significant gains at the pestnd the delayed podst, the mean scores of this
task were still reher low for all the structures (lower than .50, see table 4.2.38). The
results support the finding of Alderson et al. (1997), who found that the relation
between the language proficiency and metalinguistic knowlezigebeweak. In the
current study, theparsing group scored at or near ceiling at the pasid the delayed
posttest in offline comprehension, production, and sentence correction, but only a
few of participants demonstrated they had metalinguistic knowledge to the target

forms. In addition, itvas found that metalinguistic knowledgecayed as
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improvements showed at the postst decreased at the delayed petstst. This is
because remembering explicit rulesan placeheavy demands on working memory (R.
Ellis, 2009)and not all learners are egpped to understand, retain and use them (at
least not without a lot of practicgseee.g.,DeKeyser2015,2017) As in the current
study, the parsing strategies training oiyolvedbrief introduction to the EI and only
have about onéhour practicem total, the learners are likely to forget the rules as time
goes by.
5.2 3 Effects of training on online tests
In the current study, SPR and visual world-ageking tests were used to measure
online comprehension. The focuses of the two online testeevdiferent. The SPR
tests investigated whether the participants were sensitive to the language cues, while
the eyetracking tests explorethe extent to which (and when) participants could use
the cue to interpret the meaning of the sentence. Using the m the eyetracking test
could either be done by retrospectivedgsigningpart of speech to the words, already
heard, and/or by using the cue fedictupcoming langage ¢ both work in order to
assign sentential meaning to select the appropriate pitu

In the SPR testthe results indicated that the parsing group rsaimelimited
improvements in SRCs (reflected by the effect sizes), but the improvements were not
durable. Itseemedthat the parsing group asnot sensitive to the mismatchetween
the sentence and picture during the critical regions at thetest, but they showed
reliable sensitivity to the mismatch at the third critical word at the piest. However,
sensitivitywasnot observed at the delayed postst. The other two groups did not
show significant improvements across the time. This finding is inconsistenthoik
of both Dracos and Henry (2021) and McManus and Marsden (2017). Dracos and Henry
(2021) did not fincdevidence supportinghe idea thattaskessential trainingould
facilitate sensitivity to violations in Spanish verbal inflections. In McManus and
Marsden (2017), the group that received L2 + L(Wih taskessential practice
increased the sensitiviy to the violation of Frenchmperfect tense inflectionat the

post- and the delayed podtest, butthe group thatonlyreceived L2 explicit
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information (with taskessential practiceq which is more like the training in the

current studyg did not showmprovement in the online tedf.e., SPR testThis is in
contrast to the current study, in whidains in sensitivity of the sentengécture

mismatch in SRCs were indeed observed, though the improvements were rather small.

In addition, the finding thathe parsingrainingimproved sensitivity to the
mismatch at the postest for SRCs was partially in line with the VanPatten and Smith
(2019). VanPatten and Smith (2019) found that native English speakers could be trained
to become sensitive to cagearking cues in Latin SOV sentences but not in SVO
sentences. Thus, they claimed that whether sensitivity to the language cues could be
trained was influenced by the type of tispecificstructure. The current studgroadly
aligns with this general poinas the training effects were observed,igpecificallySRCs
and notORCs. However, VanPatten and Smith (2019) found thatahe€anonical
word order sentences were more likely to be sensitiveramingthan the canonical
ones,which contrasts witlihe current studyQ finding othe opposite tendencythe
canonicaktructure, SRC, showed sensitivity, whereas the-cammonical ORC did not)
One possible reason might leat the L2 proficiency of the participants was different
between the two studies. The pattpants in VanPatten and Smith (2019) had no
existing knowledge to the target languagiéthough their participants showed
sensitivityto the language cue, they could not use the cue in comprehension. On the
other hand, the participants in the current styavere regarded to have
upperintermediate L2 proficiency, and the offline tests demonstrated they could score
at or near ceiling in offline comprehension angroduction of the target structures.
Thus, the improvements might be more likely to be observed in the easier structure
(i.e., SRC) compared to the more difficult structure (i.e., ORC).

Moreover, oneunexpected phenomenon was found with the testly grap.
Reflected by the effect sizes, the tastly group showed reliable sensitivity to the
mismatch at the second and/or third critical word at the jest. However, they lost
sensitivityat the post and the delayed podiest. Two possible reasons mighdcaunt

for this phenomenon. Firsgensitivitypresenting at the préest might justhave been
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by chance. Second, the SPR tests did not instruct the participants to decide whether
the sentence matched the picture or not, and the comprehension questions wer
based on the meaning of the sentences. Some participants might assume what they
needed to do in the test was correctly respond to the comprehension questions. In
order toreducethe influence of the mismatched picturéso they could focus

attention on the comprehension questiongheymay have tried toot look at the
pictures and orient their attentions on the sentencétowever, it is not easy to explain
why this only happened to the tesinly group. It mighbe because this group did not
attend to ary training between tests, so they weneore likely to guess the purpose of
the study.

In the eyetracking tests the plots indicated all three groups fixated on the targets
earlier at the postand the delayed podiest compared tat the pre-test for allthe
structures except SRAE, though the improvements were not statistically significant.
For the SR@, at the pretest, the participants lookd at the target pictures during the
first critical word, so no improvement could be observed. The improvemetein
point at which the targets were fixateaight be due to the participantiseingmore
familiar with the test itens, andsotest effects were generated. Neither the parsing
strategies(El with practicgnor the input flood trainingseemed tabenefit the
participants in using the syntactic cueitderpret the meaning of the sentence.

This finding was in line with Andriga and Curcic (2015), who found that teaching
explicit knowledge could not facilitate online processing (measured by visual world
eyetracking test) of direct object assignment in an artificial languatmvever, some
studies found evidence supporting the effects of explicit training on online
comprehension through ey&acking test. Hopp (2016) suggested that intermediate L2
German learnergvhose first language was English showed anticipatory behaviour in
determining grammatical gender of nouns after receiving training activitigh@n
specificdeterminerg noun sequences. In addition, in Wong and Ito (2018), the
intermediate L2 learners d¢french who received Bhangedeye-movement pattern in

processing French causative structures, though the participaittsouldnot process
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the sentences in the target way. The main reason that the finding of the current study
was inconsistent with Hopp (2016) and Wong and Ito (2018) mighebausethe
target structure was different. Th&tructures (i.e., German grammatical gender, French
causativestructure) used in the previous studies were based on morphosyntax, but the
current study focused on the effects of explicit training on syntax {ier¢ order for
English relative clauses). Timechanisms involved in or the burdehprocessing
syntax and morphology might be different, dadtraining effectsmay be more
difficult to observen online measurs(i.e., eyetracking testyvhenprocessing syntax
relative tomorphology.

In sum, the findings suggest that teaching parsing strategigspsactice ha very
little effect on online processing of relative claust limited effectsobservedcould
only be reliably recordeth SPR tests for SR@sthe eyetracking test, the parsing
group did not have significagtmore gains than the othetwo groups in using the cue
to predictor retrospectively assigtme meaning otwo nouns inthe sentencegven
thoughthey were forced to use the cughilstcomprehendng (i.e.,duringa sentential
parse)the meaning of relative clauses during the tiagn Compangthe findings of
the two online measurest was perhapshat training effects werelightlyeasier to be
observed in sensitivity to the syntactic cuetativeto using the cue t@redictively or
retrospectively interprethe meaning of thesentence(eyetracking) It might be
becausehe parsing group received &boutthe target structures, so they started to
show sensitivity to the cue. However, more train{ngore than two 3éminute sessions)
might be needed to develop the ability usethe cue in the online processirignd yet,
the high scores on the offline, production, and metalinguistic knowledge tests suggest
that the learners did have someliablerepresentationsor knowledge about the target
structure) In terms of the input flod group, no training effects could be found in
either test. his is partially in line with Issa and Morg&hort (2019). They found that
input enhancement training did not contribute to thearningof Spanish direcbbject

pronouns though it helped thedarners toallocate attention to the target forms.
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5.2.4 Summary of effectsfdraining

The current study demonstrated the effects of teachpaysingstrategies on offline
comprehension, production and metalinguistic knowledge of English relative slause
However, it barely influenced the online processing of the target structures. The
test-only group also showed significant gains in the sentence correction task of the
metalinguisticknowledge testlt is not completely clear why this would be particlyar
the case for the tesbnly group gained more than the input flood growyghichmay be
due to the individuatlifferences The input flood traininglid not seem tdenefit the
online processingand offlinecomprehension, production, or metalinguisknowledge
of either type of relative clausavhich might be due tthe fact thatno El was provided

before thetrainingpractice
5.3 General discussion

The implication of the findings for syntax learning, explicit and implicit processing, and
L1 influenceon L2 learning will be discussesbpectivdy in the following sections.
5.3.1Implication for syntax learning

The current study investigatetie effectiveness afitype of innovative instruction,
teaching parsing strategies, on learning English synex English relative clauses).

This type of instruction originated from the referential activity of PI, but was different
fromit. Pl aims to push learners away from incorrect processing strategies by training
them to connect forms to the meanings in real world (VanPatten 2005, 2Gi#atten

& Cadierno, 19934d1993b). Thus, the target structures used intedigswere

morphosyntax which hd referential meaninggseefor a small collectionKasprowic&
Marsden 2018;Marsden, 2006Marsden & Chen, 2011; VanPatten & Cadierno, 1993a
Wong & Ito, 2018 The parsing strategiagsstructionused in the current study attempted

to train learners to use part of speech (i.e., word order in relative clauses) to process
abstract syntaxDuring the trainingthe stimuli provided to the learners were stopped

after the syntactic cue, which forced tihearners to use the cue to interpret the meaning.
To the best of our knowledgenly the current study and an unpublished PhD thesis

(ThompsoHr_ee,2021)investigatedhis type of instructionbut ThompsorLee (2021%till
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focused orits effects on learmg morphosyntax (i.e., English passive voice).

Previousstudies have demonstrated th&facilitates offline comprehension and
production(e.g.,Kasprowic& Marsden 2018;Marsden, 2006Marsden & Chen, 2011;
VanPatten & Cadierno, 19934/ong & 1t0,2018); yet, the effects of Pand other explicit
trainingon online processing of morphosyntax weentroversial Some studies found the
evidencesupportingexplicittraining develops online processing to some extétagp,
2016; McManus & Marsden, 201VanPatten & Smith, 2019; Wong & Ito, 2D 18hilea
few studiesindicatedthat online pocessing might not be altered Mi@ining Andringa &
Curcic, 2015; Dracos & Henry, 2DZheoccurrenceof the inconsistentresults might be
due tothe difference ofinguistic structurs, language backgrousdL2 proficiency, and so
on. However, to the best of our knowledgbe literature related tathe effects of explicit
training on syntax learning is blankhe current studyattempted to fill this knowledge gap
It was found thateaching parsing strategies promoted offline comprehension and
metalinguisticknowledge and promoted oral production to a large extent; nevertheless,
the effects on online processing were limitdtelearnersbecame more sensitive to the
syntactic cue (measured by SPR test) after receiving the training session. However, the
gains could only be observed at the poss$t for SRCs, artle gains were lost at the
delayed postest. It seems that small amount of pEing strategies training might be able
to trigger the sensitivityo the syntactic cue for easier structures (i.e., SRtg)he
learners still could not use iih reattime sentenceprocessingmeasured byhe
eyetracking test) Admittedly, the trainig sessions in the current study were rather short
(lasting for around one hour in total). If more training items were provided, the more
robust online effects might be observed.

The current studynade the first attempt to explore the effects of teaching parsing
strategies (using the word order to assign the roles of two nouns in relative clauses) on
syntax learningkurther studies in this agenda are worth to be conductéus type of
explicittraining might be usetb studyother syntacticphenomera (e.g., English
wh-gquestions) For examplein subject extraction (e.gWho did Ann say likes her friehd

citied fromJuffs & Harrington1999, after theverb &ay), there is a verb + noun phrase
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construction; in object extraction (e.giVhich man did Jane say her friend Ikesitied
from Juffs & Harrington1995), noun phrase + verb construction follows the veay)( In
other words,the word order after the verb couldssigrthe roles of the wo nouns in a
wh-gquestion.In addition,in embeddedwh-question (e.g.What do you think the man is
eating?, the word order of the question is noun + verb, while in @onbedded question
(e.g.,What is the man eatirn®), the question has a verb + noun word ordérerefore, he
effects of teaching parsing strategies on syntax learning could be further stogiesing
those structures as the target forms.

5.3.2Implication for explicitand implicit processing in the 2.

The current study confirmed thamallamount(one hour in total) oparsing strategies
training coulddevelop explicicomprehensior(representedby theresultsof offline
comprehension anthe deciding match or mismatch test of theetalinguistic
knowledge test), which was in line with previous studies (see a small collection,
Andringa & Curcic, 2015; Marsden, 2006; McManus & Marsden, 2@hPatten &
Cardiano, 1993a).

In addition, the results suggestdidat the parsing group had some limitediga in
online processing (measured by the SPR testshinSRC4dt is generally agreed that
onlinetechniques (e.g., eyacking and SPR) tap into implikitowledge as they
measure the reatime comprehension and allow little or no time for using keip
knowledge (Keating & Jegerski, 2015). Thus, the findightindicate thatteaching
parsing strategies was potentiatiple to develop implicit processing of the L2 syntax
and the effects were more likely to be observed with easier structures RCS)
relative to the more difficult ones (i.e., ORG#wever, i isshould be reiterated that
the training sessions of the current study weather brief, and the learners might not
establish automatization of thknowledgeof the more difficult structure (i.e., ORCS)
McManus and Marsden (2017, 2018, 2019) provided L2 learners 3.5 hours explicit
trainingacross four weeks, and observed thgbstantialgains in online comprehension
(measured by SPR). MacManus and Marsdefqptbund that the learners showed

automatization of the knowledge after 1.5 hours trainiitgs possiblethat increasing
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the amount of training, themprovementsin implicit processing might be shown in
ORCs as well as SRCs,aight bein the eyetracking tests. However, how much
training couldgeneralmore robust effects ommplicit processing still need further
study.

The results of the input flood group indicated that exposure only to the target
structure (incidental learningpenefit neither explit nor implicit processing. Although
the input flood group showed some numerical gains in offline comprehension, they
were not statistically significant. In addition, the gains of the input flgaipwere
not significantlydifferent from those of the tst-only group. Thus, the improvement of
the two groups might just due to the test effecta.the current study, the aim of
includinginput flood trainingwas to examine whether the learners coyidtk up the
language andjain from exposure only. Thus, the learners were not required to
understand the meaning of the sentendeseems that thdesseffectivenesf the
input flood training wadecausehe training material did not trigger the learn@r
noticing to the targeéstructures. It might béoecausehe structures were not salient
enough to be noticedHernandez 2018) the amount of the training stimuli were not
sufficient(Uchihara et aJ.2019) or the learner€L2 proficiency was not hig¢gnoughto
pick up the laguage(Hernandez 2008, 2011Marsden, 2006 To make the input flood
trainingmore effective in L2 learning, besides increasing the training items, El of the target
structurescould be provided prior to the trainingctivities to help the learners to induce
noticing.In addition, the learners could be required to spot the target structure to raise
their awarenessKasprowicandMarsden(2018) hazombinedthese two methods (i.e.,
pre-practiceEl and spotting the fors)with the input flood training, and found that the
Umproved inputfloodQraining was equally effective as tl&rm-meaning connectiof
training (EI + referential activities of Ffurthermore, in the future study, it might be worth
investigating thatvhether requiring learners to understand the meaning of the sentence
(by providing them complete sentencased in the parsing strategies grougould have
identical effects to training them to use syntactic cues to procdss.type of training is

similar to the referential activities of PI, and the learners might be able to notice the
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structures from the activities and pick up the knowledge inductively.
5.3.3 The influence of learnefs 1
The current studyvas conducted with the Chinespeaking L2 learners of English and
native English speakerfhe structureof Chineseaelative clauses idifferent from
Englishsince English relative clauses are hgatlal while those of Chinese are
headfinal. Howeverthe findingssuggestedhat the L2 learners processed English
relative clauses in the similar way to that of the native English speakers, though they
were less sensitive to the syntactic cues and had reduced ability in using them relative
to the native spakers. Thust seems that the_1 transfer did not have substantial
influence onL2 processing.

However, as the current study did not test the crdisguisticeffectson L2
learning, no participant from L1 background other than Chinese was involved.
Neertheless,tiis possible that théearners whose L1 shares the gramrfeatures
with L2might have more gains than the learners whosdliffer from the L2This
prediction is made based ofolentinoand TokowicZ2014)whichinvestigatedthe
influence of language similarity on L2 instruction. They found that when the grammar
features of the two languages were similar, the learners improwede than in the
condition where the grammar features were dissimildne Dains of the similar feates
were less likely to be influenced by the instruction typkativeto the dissimilar
features. In additiontheir study also found thatompared to the dissimilar features,
the similar features were more likely e gaired from simply exposure to théargets
or exposure of targets with highlighting differences. They explained it mighebause
for similar features, learners L1 could be positivedysferredto their L2 Tolentino&
Tokowicz 2014). In light oTolentinoand Tokowicz2014), it could be hypothesized
that in the current studyif the learner§L1 had similar relative clause structures to
English(e.g., French relative clause is fundamentally identical to English relative clause,
Labelle 1990), they might generally hawnore gains than Chinespeaking L2 English

learners, especially ithe input flood training condition.
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Chapter6 Conclusion

6.1 Summary of the study

This thesis has presented the findings of a study that investigateeffects of
teaching parsing sttegies(with ElI andpractice on learning English relative clauses.
79 upperintermediate Chinesspeaking L2 learners of Engltsbk partin the study.
The training effects were examined through ap@neweek post, and threeweek
delayed postest design. In addition, 21 native English speakers were also involved to
test how native speakers comprehend and produce relative claU$esrative
speakers performed in a way that was generally expected, which suggest that the test
measures used in the study worked.

The L2 learners were randondgsignednto the parsing group, the input flood
group and the tesbnly group. Between the prandthe posttest, the parsingyroup
(El with practice about parsirfRCs and ORCs whilst they were reading or hearing
them) and the input flood groupe§kposure to the targe}seceivedtwo training
sessions (around 30 minutes massion. The activities ithe parsing strategies
training forced the learners to use the syntactic cue, the word order after the relative
pronoun, to comprehend relative clauses. In SRCs {éhg.cat thatthaseghe dog is
big), a verb is straight after the relative pronoun, vehih ORCs (e.gl'he cathat the
dog chases is biga noun phrase occudter the relative pronoun. In the activities,
the wordsafter the verb (in SRC) or the noun phrase (in @RShot provided. Thus,
the participantsneededto anticipatethe rest o the sentence based on the syntactic
cue The input flood group receivdtie exact same number of training items as the
parsing group, but no El was provided. In imgut floodtrainingactivities, the
complete sentences were presented, and the partioigavere notrequiredto
comprehend the meaning of thiall sentencesbut had to make a decision about the
meaning of the nouns in the sentences

Five measures were included in the test battery. The aural sentpiotere

matching test was used to test the offline comprehension; the SPR and visual world
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eyetracking test were utilised to measure onlinemprehensia; oral production was
examined thougha picturedescription task; and metalingstic knowledge was also
tested in a type of picturdased grammaticality judgement and anomaly correction

test.

6.2 Summary of the findings

With regard to the first research questiowhichtype of relative clause is more difficult,
the resultsgererally confirmed theasymmetrybetween SRC and ORC in L1 and L2
online and offline comprehension and production. This is in line witthteerchyput
forward by Keenan and Comrie (1977) that 8ieC is easier thdime ORC. The finding
isalsoin line the previous studie§ S®3® 5AS&3aSt g9 ¢2YlFasSttz2x
Traxler, Morris & Seely, 2002). addition, in the findings of the native speakers, there
are three noteworthy features. &, the native speakensere potentially sensitivéo

the syntactic cue in SPR teahdsensitivitywasobservedonly at the third critical word

for SRCs anir one typeof ORCs (for another type of OREnsitivitywas observed at
the word after the ctical regions)Notably, because a spdlver effect could take place,
the native speaker might already be sensitive to the mismatch at the second critical
word. Second, in the eygacking test, native speakers demonstrated that they could
use the syntagt cue tointerpret the meaning(predict and/or retrospectively assign

part of speechpf the sentence during the first critical word for SRCs, while for ORCs,
the most reliable eye movementsok place later compared to the SRCs.(at the
secondor the third critical word). Third, the native speakers did not have metalinguistic
knowledgeabout either type of relative clausehichis consistentwith Green and

Hecht (1992)

In terms of the influence of head animacy on the difficultyedéitive clause
processing, previous studiésd suggested thahe ORCs with inanimate heads tended
to be easier than those with animate head8ddet al., 2007Macdonaldet al., 2020;
Traxleret al., 2005), but the animacy of the head noun could not alterathyenmety
between SRC and OR@acdonaldet al., 2020. The finding of theurrent study

demonstrated that ORCs are always mdiéicult for both native speakers and L2
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learners in all the measures. In additiohetfindings with the native speakers partially
support the pattern that OR@ is easier than ORE It was found that the native
speakers significantlyroducedmore OR@ than OREA in the oral production test. In
other tests,however,the difference between ORE and ORCwas not significantly
different. However, the L2 learners did not shawy reliablepreference b the ORCs
with inanimate headsinstead,in fact,they had better performance in the ORGtems
compared to the ORI in all the measures.

With regard to the second research question, thent towhichteaching parsing
strategies with explicit information and practice, exposure alone,tastionly
develops the learning of relative clauses, the findings have demonstrated the effects of
teaching parsing strategies on offline comprehensjamoduction and metalinguistic
knowledge. This is in line with the previous studies that are related to explicit training,
like PI €.9., Andringa & Curcic, 2015; Benati, 2005; Kasprowicz & Marsden, 2018;
Marsden, 2006; Marsden & Chen, 2011; VanPattenaadyy2004)However, he
currentfindings suggesd that although teaching parsing strategies could facilitate
offline comprehension, the participants also had the opportunity to gain from the test
alone

The improvements of the parsing group in oral protlon were striking, and the
gains irnthis measure iIfORCs were bigger than those of SRCs. Atestethe
participantspreferredto produce passive SRCs whbkay were expected to produce
ORC:s. After the training, the parsing group started to produce the target ORCs at the
post- and the delayed posdtest. This may havdemonstrated theoccurrenceof
priming effects Coumel et al.2020). In addition, the parsingayp gained
metalinguistic knowledgaboutthe target structure at the postnd the delayed
posttest, likelydue tothe provision ofEl during training. This finding is in line with
KasprowicandMarsden(2018).

However, the findings indicate that thdfects of teaching parsing strategies on
online processingvere limited, which is partially consistent with Andringa and Curcic

(2015) as well as VanPatten and Smith (2019). The parsing group showed some gains in
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sensitivity to the syntactic cue (measureg SPR) at the postst, but the gains only
could be observed for SR@dso, e gains were not durablas they were not
maintained at thedelayed postest. Moreover, in the eyracking test, theparsing
group did not have significant more improvemsrin thepoint at which they started to
fixate on the targets compared to the input flood and the testly group. The findings
may tentativelysuggest that improvements sensitivityto the syntactic cue might be
easier to be observe(@in SPRs, as foutny McManus& Marsden, 2017, who also
observed effects of trainingglative to using the cue tmterpret the meaning of the
sentence in online processing (@sedby Andringa & Curcic, 2015, who did not find
reliable effects of training).

Theresultsof the input flood group suggestl that exposure to the target alone
could not contribute to the learning of relative clauses. The input flood group did not
show significant improvements across time in onlimeffline comprehension, oral
productionor metalinguisticknowledge This is in line with Marsden and Chen (2011)
and partially consistent with Issa and Morg&hort (2019).

In addition,sometest effects were found in the current studie., in the sentence
correction task of thenetalinguisticknowledge test) which might bébecausea large
test battery wasnvolved Thus, theparticipantsmight have gained from taking part in
the tests alone, which may have been due to them processing some prior knowledge

and/or ability to use the target feature).

6.3 Limitations andfuture research

There are several possible limitationthe current studythat should badentified.

First, the duratiorof the training sessionsasgrelatively short. For both the parsing and
the input flood group, only two 3@ninute @pproximately training sessions were
provided,whichwas shorter than some studies. For example, in McManus and
Marsden (2017), four 4&inute training sessions were involved. In the current study,
the training effects orsensitivityto the syntactic cuevere observed for SRCs in SPR
tests. It is possible that if longer training sessions were provided, more online effects

might be able to be found in the SPR and the-egeking tests.
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A second limitation relates to the control of animacy of two nountherelative
clauses. In the current study, only the animacy of the head nourcesmisolled
(experimentally manipulated)or the second nouin the relative clause, the animacy
of nounswas balanced but was nelperimentally manipulatedHoweverMacdondd
et al. (2020) suggested that only the ORCs wiimimate head nounandanimate
second nouns tended to be easier than the ORCs with animate heads. In the current
study, the L2 learners wefeundto have better performance in ORKrelativeto
ORd@, which was different from previougndings, butfithe animacy of the second
nounhad been manipulatedadifferent asymmetry mighhave beerfound.

A third limitation is aboubalancinghe items of each target structure in two of
the tests. In the offlire comprehension and the oral production tests, the numbers of
each structure within a versiofall four versions were affectedf a test were different.
Although the versions were counterbalanced across,pest, and delayed podiest,
within groups, he results would be more accurate if the items within a version of a test
were equal.

A fourthlimitation relates to the data cleaning of the eyiacking test. Only very
few visual world eydracking studiehavereported how they cleaned the data before
analysis. For instancé)Jtmann and Kamide (2007) removed the fixation durations that
were below 100msIn order to avoid the influence of overly long fixations, tugrent
study removed the fixation duratiorthat werebelow and over the boundary ofiean
+ 2.5 SDand also adopted the lower boundary of 50ms. This is in line with the general
suggestions foreadingbasedeye-tracking Godfroid, 2019)However, whether the
way of cleaning visual world eyeacking data is the samasthat of readingbased
data is wortly of study. The eydracking results might bdifferent if different data
cleaning method had beenadopted.

A fifth limitation related to the instrumenteliability of offline comprehension and
metalinguistic knowledge tesPlonskyand Derrick (2016) conducted a metanalysis
to investigate the reportedeliabilityin L2 research.hey suggestedhat regardless of

language proficiency, the median instrumeatiability of L2 learners was .81, and that
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of native speakers was .87. In the@nt study, for native speakers, the instrument
reliability of offline comprehension and metalinguistic knowledge tests (all three tasks)
were less than .87. For the L2 learners, the instrument reliability of the offline
comprehension test antivo tasksof the metalinguisticknowledge test (i.e., deciding
match or mismatch; sentence correction) did not reach .81 across the three test phases.
It should be acknowledged that these two measures were not highly reliable.

Finally, further research could beratucted to analyse whetheautomatization
took place during the training. McManus and Marsden (20@@hd thattheir
participants gradually beme automatized by analysing the performanaiiring
training. In the current study, limited online effects mighe becausehe
automatizationdid not happerduring training Coefficient of variation analysesould
be conducted with the training data to detect whether the automatization had

occurredor not.
6.4 Contributions of the study

The current study has made\geral contributions tdhe agenda of research into
explicit training and L2 leammg of English relative clauses as well as the understanding
of L1 comprehension and use of relative clauses.

First, the current study looked into the online processingetdtiveclauses in a
new perspective. The study investigated whether native English speakers and L2
learners were sensitive to the syntactic dhat disambiguates subject from object
relativeclauses (i.e., word order after thelative pronoun), and whther they could
use the cue tanterpret the meaningof sentencen real time The finding®f the SPR
test suggestedhat the native speakers wemgotentially sensitive to the cuehut
sensitivitywasonly observed at the third critical wortbr SRCs anone typeof ORCs
(becausea spiltover effect could happen, the native speakers migfhtt to be
sensitie to the cue at thesecondcriticalword). Howeverthe L2 learners did not show
sensitivity to the syntactic cueuding the three critical wordat the pretest. The
findingsof the eyetracking testsuggested that the native speakers used the syntactic

cue to interpret the meaningf sentences for SRCs (started to fixate on the targets
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beforethe end of the first critical word) anone typeof ORCs (started to fixate on the
targets during the second critical word). The L2 learners only could use the cue to
interpret one type of SRCs where the fixations to the targets presented at the first
critical word.

Second, the current study contribudeéo research that evaluates the online
effects of explicit training. Only few published studies have investigated this agenda,
and the resultrave beerinconsistent. Some studies found that explicit training could
facilitate online comprehensioHopp, 2016; MManus & Marsden, 2017; VanPatten &
Smith, 2019; Wong & Ito, 2018) while the others not (Andringa & Curcic, P0a&os
& Henry, 2021). The current studyilisedtwo online measures, SPR and visual world
eyetracking. The limited online effects of thepdicit trainingwere found in the SPR
tests, but were not observed in the eyeacking test.

Third, thedesign of theexplicit training used in the current study wiasormed
from PI, but had differences compared to Plisilormally used to teach structas
that havedirectreferential meaningsuch as animacy, tenge.g.,VanPatten&
Cadierng 1993a, 1993b), but the structure used in the current study, relative clause, is
syntax that does notarguablehave referential meaningas the training focusedn
word order and part of speecihe current study attempted to teach L2 learners to
use thssyntactic cue tgredictively and retrospectively interpréhe meaning of the
sentence. The sentences in the training items were stopped after the cue, so the
learners were forced to comprehend the sentences based on the cue. The findings
suggest that theraining effects were mainly observed in offline comprehension,
production and metalinguistiknowledge Limited online effects were found with SRCs.

Finally, the current study contributes toethodological issues in examiniagline
effects of explicit training. Some previous studies measured online effects using trials
to criterion (e.gFerndndez2008;Henry, Culman & VanPatteR009; VanPatten &
Barst, 2012), but this method lacked external validation and the criteteoindicate
Porrect processinQuasarbitrary Fernandez2008). Followed Keating and Jegerski

(2015) SPR and the visual world @sgcking tests were involved in the current study.
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The SPR measursdnsitivityto the syntactic cue bintroducing am@nomaly between
the picture andthe sentencebeing read The eyedracking test allowed the participants
to comprehend sentences inreaturalway, and it evaluated whether the learners adul
use the cue; or the word after itc to interpret the sentence meaning. The results of
the two tests were different. After receivirexplicittraining, the participants
demonstratedsomeimprovements insensitivityto the anomalyat the posttest, but

did notdemonstrate relevant changes in their eg@vements.
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Appendces

Appendix 1:In formation page ancdtonsent form

Information Page
To what extent can teaching parsing strategies help sectarmjuagesyntax learning?

Dear Studert,

My name is Niu Xiaoran. | am a PhD student in the Centre for Language Learning and
Use in the Department of Education. | used to be an English teacher. | would like to
invite you to take part in my research project. You will receive some money on
completian of the activities, and we hope that you will have fun and learn English!

Before agreeing to take part, please read this information sheet carefully and let us
know if anything is unclear or you would like further information. Please also read the
information about General Data Protection Regulati@DPRthat is provided on a
separate sheet

(Link: https://www.york.ac.uk/education/research/gdpr_informatioh/

Purpose of the study

The study ignvestigaing the extentto which a new type of instruction, based on
listening and reading through computbased activitiescan help second language
learners leaning Englislyrammar

Who can take part?

We would like to recruitparticipants whose native language is Chinese and the IELTS
score is between 6.0 and 7.0 to take part in the study.

We would also like to recruit participants who are native speakers of English.

Your performance in the research project will not be reported to your course tators
the research project is entirely separate to your courses at the University.

What would this mean for you?

For the participants whose native language is Chinese:

If you take part in the study, you will be randomly divided into two grodpdraining
gouggandl A OUYAGS O2YLI NRa2y 3IANRdzZLE HK2 gAf
(the tests) but will receive the training materials after the final set of test actsvitie

For the training group, you will takeactivities {ests for research purposesyhich
include an eydrackingactivity and a series of other language tadésting in total of
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approximately 1.5 hoursThen, in the following week, you will receive tviaining
sessions aboua complex grammar featureEach training session will last about 30
minutes. On the three day after the second training session, you willsiakiar tests
as before posttests), and three weeks later, you will take final set delayed
posttests). After the delayed postests, you will be awardedE20 if you have
completed all the training and tests in the time scale as arranged with the researcher

For test only group, you will only take tiest activities (including eye tracig and the
other tests), just likehe participantsin the other group After the first set of activities,
you with then do another sebne week laterand the final sewill take place in three
weeks. After that, you will receive the training materialslamll be awarde&15if you

have completed all the activities in the time scale as arranged with the researcher

For the participants whose native language is English:

You will take the test activities including etracking and a series of other langea
tasks lastingn total of approximately 1.5 hours. You only need to come for one time.
You will be awarded6 if you have completed all the activities.

Participation is voluntary

Participation is optional. If you do decide to take part, you will be given a copy of this
information sheet for your records and will be asked to complete a consent form. If you
change your mind at any point during the study, you will be able to withdraw
participation during the study without having to provide a reason. You will be able to
withdraw your data until six weeks after the end of your final set of activities. After
GKFG GAYSET Al ¢2yQl 06S Ll2aaiof Sncliddding A (i KR
the analysis, anonymised and prepared to be made openly available (see below).

Anonymity and confidentiality

The data that you provide (e.g. testsponses, eyenovements during the testsyill be
stored by code number. Any informatidnat identifies you will be stored separately
from the data. You are free to withdraw from the study at any time during data
collection and up t®ix weeks after the data is collected

Storing and using your data
Data will be stored securely on a passd/ protected computer.

The file linking your name with the numerical identifier will be kept encrypted and on a
password protected computer. This file will be destroyed once the thesis has been
submitted and papers have been published (up to aboutyears after the end of the
study)

Once the datasets have been completely anonymised and prepared, they could be
YIRS 2LSyte I@FrAtlFofS F2NJ 20KSNAR (2 dzasS |
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such as IRISv{vw.iris-database.ory and/or the Open Science Framework (osf.i0). The
data that | collec(test responsesinay be used imnonymoudormat in different ways.
Please indicate on the consent form attached withXaif you are happy for this
anonymised dta to be used in the ways listed.

Questions or concerns

If you have any questions about this participant information sheet or concerns about
how your data is being processed, please feel free to cortagtXiaoranby email
(xn548@york.ac.yk  or the Chir of Ethics Committee via email
educationresearchadministrator@york.ac.uk If you are dissatisfied with the
NEalLl2yasSa &2dz NBOSAGS: L} SrHasS O2yda O
dataprotection@york.ac.uk

| hope that you will agree to take part. If you are happy to participate, please
complete the form attachednd returnit to the researcher.

Please keep this information shefer your own records.
Thank you for taking the time to read this information.

Yours sincerely

Niu Xiaorar& Professor Emma Marsden (my PhD Supervisor)
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To what extent can teaching parsing strategies help sectarjuagesyntax learning?
Consent Form

Please tick each box if you are happy to take part in this research.

| confirm that | have read and understood the information above a
understand that this will involve me taking part as described above

| understand that participation in thistudy is voluntary.

| understand that my data will not be identifiable and the anonym
data may be used in publications, presentations and made fi
available online.

| confirm that | have read the information about GDPR

NAME

SIGNATURE

DATE
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Appendix 2: Questionnaire of background information

Q1: Your name;

Q2: Your age

Q3: Your gender:
Male
Female
Prefer not to say

Q4: Study Level:
Undergraduate; year 1
Undergraduate; year 2
Undergraduate; year 3
Undergraduate; year 4
Master
PhDc¢ year 1
PhDc¢ year 2
PhDc¢ year 3
PhDc¢ year 4
PhDc¢ year 5
PhDc¢ year 6

Q5: The language that is usedthe home when you were a child:
Chinese
English
Others:

Q6: How long have you been in the UK? Please give your answer to the nearest month

(e.g., 3 months, 9 months, 1 year and 2 months, etc.)

Q7:Have you been to an Englispeaking country for one month or more before your
current stay in the UK? If yes, please insert how long did you stay in that country

(please give your answér the nearest month).
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Yes:

No
Q8: Please give your highest IELTS score:

1 2 3 4 5 6 7 8 9

Overall
Listening
Reading
Speaking
Writing
Q9: Please rate your own proficiency with English grammar. "1" indicates "not at all
proficient" while"5" indicates "very proficient"
Not at all proficient Very proficient

1 2 3 4 5

Note: The native English speakers only answered questions 1 to 5.
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Appendix 3: Example of parsing strategies training activities 2 &

Activity 1 (reading based)

Introduction

In this activity, you will first see a picture and a verb in
its correct form.

And then you will see two sets of words describing the
picture.

The verb above the picture fits both sets of the words.
Decide which set of words matches the picture as soon as
possible.

Press “--" to choose the left one, and press “—" to choose the
right one.

You will see the feedback after each item. When you finish
reading, press "Space" to continue.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

hits

Left:The tree that hits.. Right:The tree that the
car..

Instruction page
Activity 2 (listening based)

Example item

( Aural stimuli:

Introduction

In this activity, you will first see a picture and a verb in
its correct form.

And then you will hear two sets of words describing the
picture.

The verb above the picture fits both sets of the words.
Decide which set of words matches the picture as soon as
possible.

Press “=—" to choose the first one, and press “—" to choose
the second one.

You will receive feedback after each item.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

carries | the dog carrieX
the dog that the baj

Instruction page
Feedback

Example item

Congratulations!
You are right!

Full Sentence: The tree that the car hits is tall.

When you see "the car" straight after "that™, you
know "the car" does the action. You can predict the
action is "the car hits the tree".

Feedback for correct response

Feedback for incorrect feedback
(Played aurally in the activity 2)
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Appendix4: Example of parsig strategies training activities 3 & 4

Activity 3 (reading based)

Introduction

pulls

In this activity, you will first see two pictures and a verb
in its correct form.

And then you will see one set of words describing the picture.
The verb above the pictures fits the set of words.

Decide which picture matches the words as soon as possible.
Press “~—" to choose the left one, and press “—" to choose the
right one.

An explanation will show after each item. When you finish
reading, press "Space"” to continue.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

- The girl that pulls..

Instruction page Example item

Activity 4 (listeningbased) ( Aural stimuli:
The girl that greetX

Introduction
greets

In this activity, you will first see two pictures and a verb
in its correct form.

And then you will hear one set of words describing the
picture.

The verb above the pictures fits the set of words.

Decide which picture matches the words as soon as possible.
Press “-" to choose the firt one, and press “—" to choose the
second one.

You will receive feedback after each item.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

Instruction page Example item

Feedback

Full sentence:The girl that pulls the dog has ginger

Congratulations! . 3 tm}z —— )
: | en you see "pulls" straight after "that", you know
You are right! "the girl" does the action. You can predict the

action is "the girl pulls the dog".

Feedback for correct response Feedback for incorrect feedback
(Played aurally in the activity 4)
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Appendix 5: Example of input flood training activities 1 & 2

Activity 1 (readingbased)

Introduction

In this activity, you will see a picture and two sentences.
Decide which sentence matches the picture as soon as possible.
Press “~—" to choose the left one, and press “—" to choose the
right one.

You will see the feedback after each item. When you finish
reading, press "Space" to continue.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

- left:The wall that the car hits is tall. right:The tree that the car hits is tall.

Instruction page Example item

Activity 2 (listening based) ( Aural stimuli
ural stimulii:

The dog carries the bag is brown.
The cat carries the bag is brown.

Introduction

In this activity, you will see a picture and hear two

sentences.
Decide which sentence matches the picture as soon as possible.
Press "+" to choose the first one, and press "—" to choose

the second one.

You will see the feedback after each item. When you finish
reading, press “Space” to continue.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

Instruction page Example item

Feedback

Congratulations! )
You are right! No! There is no wall!

Feedback for correct response Feedback for incorrect response
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Appendix6: Example of input flood training activities 3 & 4
Activity 3 (reading based)

Instruction

The girl that pulls the dog has ginger hair.
In this activity, you will see two pictures and a sentence.
Decide which picture matches sentence as soon as possible.
Press “=" to choose the left one, and press “—" to choose the

right one.
An explanation will show after each item. When you finish

reading, press "Space" to continue. 3

You will have 4 items to practice.

Click "I understand” to see the first practice item.

Instruction page Example item
Activity 4 (listeningbased) ( Aural stimuli:

The girl that greets the boy weaes

Instruction

dress

In this activity, you will see two pictures and hear a
sentence.

Decide which picture matches sentence as soon as possible.
Press “<—" to choose the left one, and press “—" to choose the
right one.

An explanation will show after each item. When you finish
reading, press "Space" to continue.

You will have 4 items to practice.

Click “I understand” to see the first practice item.

Instruction page Example item

Feedback

Congratulations! No! There is no boy in the
You are right! sentence!

Feedback for correct response Feedback for incorrect response
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Appendix7: Example of visual wor@ye-tracking test

Instruction page

Instruction

For each item in this test, you will first see two pictures and a verb on the screen.
Next, you will hear a sentence about one of the pictures.
Please look at the pictures while listening,
Some of the items will have a comprehension question.
Please press the keyboard to answer the questions.
Press < for "yes"; press — for "no".
You will have 4 items to practice.

Now, press SPACE to see the first practice item.

Example item

holds

Aural stimuli: The cat that the box holds is grey.
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Appendix 8: Example of seffaced reading test

Instruction page

Instruction

In each item, you will first see a picture and
a verb in its correct form. Then, you need to
press SPACE BAR to read a sentence word by
word. Please keep clicking until a dot
appears. Please make sure you try to
understand each sentence. After some items,
you need to answer a question about the
meaning of the SENTENCE.

You will have four items to practice.

Click "I understand" to see the first practice

item.
Example item

Stimuli: The boy that the camera films is happy.

films films

The
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films

films

aaaaaa

films

happy

The sentence shows word b

word by each key pressing.

\

J

327



Appendix 9: Example of offline comprehension test (aural

sentencepicture matching)

Instruction page

Introduction

For each item, you will first see two pictures and then hear a
sentence.

You need to decide which picture matches the sentence.

Press = to choose the left picture, and press — to choose the
right one.

Please choose the mathced pictures as fast as you can.

Now, click “I understand” to see the first practice item.

Example item

Aural stimuli:The water that the man freezes is cold.
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Appendix10: Example obral production test picture description)

Instruction page

Introduction

For each item, you will first see two pictures. Then, you will
hear and read a description of each of the two pictures. And
then you will hear and read a question about one of the
people. You must answer the question out loud.

The beginning of the answer is given for you.

Please do NOT use words such as "and”, “but”, "so", "because”,
“when” and so on.

Please do NOT describe the positions of the things: “on the
left”, “on the right"”, “the first one”, and “the second one”.
When you have finished, press any key to move on.

Now, please click "I understand" to see the first item.

Example item

In the first picture, the box is green. The box holds the book.
In the second picture, the box is red. The box holds the pencil.

Which box is green?

The box..
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Appendix 1. Exampleof metalinguisticknowledge test

Instruction page

Does the sentence match the picture?

Instruction: For each item, you will see one picture ané sentence. Decide whether

the sentence matches or mismatches the picture by ticking thefjooX you think

there is amismatch

1) Circlethe word or words in the sentence that do not match the picture.

2) Explain the reasopas fully as possiblewhy the sentence does not match the

picture.

3) Can younove one wordto make it match? Yocannotexchanggswap round) two

or more words! Show this move with an arrow on the sentence.
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Example item

The boy that amuses the girl is cute.

Match G Mismatchs
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Appendix 12: Critical items of the visual world eyecking test

NO. Ver Verb Type Animacy Stimuli pictures
sion

1 1 asks SRC animate  The man that asks the woman has short hair.

2 2 asks ORC animate  The man that the woman asks has short hair.

3 3 asks SRC animate  The woman that asks the man has long hair.

4 4 asks ORC animate = The woman that the man asks has long hair.

5 1 holds SRC animate  The cat that holds the box is grey.

6 2 holds ORC animate  The cat that the box holds is grey.

7 3 holds SRC inanimate The box that holds the cat is big.

8 4 holds ORC inanimate The box that the cat holds is big.

9 4 cleans SRC animate  The man that cleans the shower is tall.

10 3 cleans ORC animate  The man that the shower cleans is tall.

11 2 cleans SRC inanimate The shower that cleans the man is new.

12 1 cleans ORC inanimate The shower that the man cleans is new.

13 1 fills SRC inanimate The bottle that fills the glass is new.

14 2 fills ORC inanimate The bottle that the glass fills is new.

15 3 fills SRC inanimate The glass that fills the bottle is new.

16 4 fills ORC inanimate The glass that the bottle fills is new.

17 2 freezes SRC animate  The man that freezes theater is cold.

18 4 freezes ORC animate  The man that the water freezes is cold.

19 1 freezes SRC inanimate The water that freezes the man is cold.

20 3 freezes ORC inanimate The water that the man freezes is cold.

21 2 hears SRC animate  The boy that hears the girl has blond hair.

22 3 hears ORC animate  The boy that the girl hears has blond hair.

23 4 hears SRC animate  The girl that hears the boy has blond hair.
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24 1 hears ORC animate  The girl that the boy hears has blond hair.
25 1 lifts SRC animate  The man that lifts the woman has blond hair.
26 2 lifts ORC animate  The man that the woman lifts has blond hair.
27 3 lifts SRC animate  The woman that lifts the man has blond hair.
28 4 lifts ORC animate  The woman thathe man lifts has blond hair.
29 3 presents SRC animate  The girl that presents the picture is cute.

30 1 presents ORC animate  The girl that the picture presents is cute.

31 4 presents SRC inanimate The picture that presents the girl is big.

32 2 presents ORC inanimate The picture that the girl presents is big.

33 2 presses SRC inanimate The book that presses the letter is big.

34 3 presses ORC inanimate The book that the letter presses is big.

35 4 presses SRC inanimate Theletter that presses the book is pink.

36 1 presses ORC inanimate The letter that the book presses is pink.

37 1 shows SRC inanimate The road that shows the arrow is straight.
38 2 shows ORC inanimate The road that the arrow shows is straight.
39 3 shows SRC inanimate The arrow that shows the road is straight.
40 4 shows ORC inanimate The arrow that the road shows is straight.
41 2 calls SRC animate  The man that calls the girl is happy.

42 3 calls ORC animate  The man that the gialls is happy.

43 4 calls SRC animate  The girl that calls the man is happy.

44 1 calls ORC animate  The girl that the man calls is happy.

45 2 covers SRC inanimate The fruit that covers the cream is sweet.

46 3 covers ORC inanimate Thefruit that the cream covers is sweet.

47 4 covers SRC inanimate The cream that covers the fruit is sweet.

48 1 covers ORC inanimate The cream that the fruit covers is sweet.

49 1 hides SRC animate  The cat that hides the box is cute.
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50 2 hides ORC animate  The cat that the box hides is cute.

51 3 hides SRC inanimate The box that hides the cat is big.

52 4 hides ORC inanimate The box that the cat hides is big.

53 1 contains SRC inanimate The water that contains the boat is deep.

54 2 contains ORC inanimate The water that the boat contains is deep.

55 3 contains SRC inanimate The boat that holds the water is small.

56 4 contains ORC inanimate The boat that the water contains is small.

57 2 messages SRC inanimate The phondhat messages the computer is new.
58 3 messages ORC inanimate The phone that the computer messages is new.
59 4 messages SRC inanimate The computer that messages the phone is new.
60 1 messages ORC inanimate The computer that the phonmessages is new.
61 4 moves SRC animate  Themanthat moves theruckis short.

62 3 moves ORC animate  Themanthat the truck moves is short.

63 2 moves SRC inanimate Thetruckthat moves the girl igellow

64 1 moves ORC inanimate Thetruckthat the manmoves isyellow

65 1 serves SRC animate  The woman that serves the man has big eyes.
66 2 serves ORC animate = The woman that the man serves has big eyes.
67 3 serves SRC animate  The man that serves the woman has big eyes
68 4 serves ORC animate  The man that the woman serves has big eyes.
69 2 supports SRC animate  The woman that supports the ball is strong.
70 4 supports ORC animate  The woman that the ball supports is strong.
71 1 supports SRC inanimate The balkhat supports the woman is yellow.

72 3 supports ORC inanimate The ball that the woman supports is yellow.

73 2 takes SRC animate  The girl that takes the boy is slim.

74 3 takes ORC animate  The girl that the boy takes is slim.

75 4 takes SRC animate  The boy that takes the girl is slim.
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76 1 takes ORC animate  The boy that the girl takes is slim.

77 3 tells SRC animate The boy that tells the robot is clever. P 00K o P oo 3
78 1 tells ORC animate  The boy that the robot tells is clever. = *LE'I‘ ' ‘LLE'J
79 4 tells SRC inanimate The robot that tells the boy is clever. L) Oy’[;"e?@ %—é;}@
80 2 tells ORC inanimate The robot that the boy tells is clever. = 4k - '

81 1 boils SRC inanimate The cup that boils the water is old.

82 2 boils ORC inanimate The cup that the water boiis old.

83 3 boils SRC inanimate The water that boils the cup is hot.

84 4 boils ORC inanimate The water that the cup boils is hot.

85 1 follows SRC animate  The boy that follows the car runs fast.

86 2 follows ORC animate  The boy that thecar follows runs fast.

87 3 follows SRC inanimate The car that follows the boy is yellow.

88 4 follows ORC inanimate The car that the boy follows is yellow.

89 1 pushes SRC animate  The man that pushes the woman is short.

90 2 pushes ORC animate  The man that the woman pushes is short.

91 3 pushes SRC animate  The woman that pushes the man is short.

92 4 pushes ORC animate = The woman that the man pushes is short.

93 4 hits SRC animate  The girl that hits the basketball is tall.

94 3 hits ORC animate  The girl that the basketball hits is tall.

95 2 hits SRC inanimate The basketball that hits the girl is new.

% 1 hits ORC inanimate The basketball that the girl hits is new.

97 2 holds SRC animate  The boy that holds thekateboard is cute.

98 4 holds ORC animate  The boy that the skateboard holds is cute.

9 1 holds SRC inanimate The skateboard that holds the boy is red.

100 3 holds ORC inanimate The skateboard that the boy holds is red.

101 2 lights SRC inanimate The cigarette that lights the paper is cheap.
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