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ABSTRACT

Government statistics sggst that around ortird of children and young people do not
make the expected progress in reading comprehensioneahdoroduction during
secondary school (Department for Education, 2018015h. Inference generation
abilities are at the core of skilled models of comprehen@an Kintsch, 1988; Zwaan,
2003. However, previous research exploring the developmentfefence generation
abilities typically compares a child group (9yearsess) with an adult group (§8ars or

over). Toassess literal, coherence inference and elaborative inferencegingae real

world and countdactuatworld condtions in a wide gerange a new measure was
created: the Image Selection Task (IST). The IST embeds gasll readg
methodology and forcedhoice pictureselection task into short stories to explore
changes in inference generation skill (number of errors) anddimse (speed)lhe IST

was found to be &alid measure of inference generation abilities, ahe to reducing
demands on translation and expressive language processes, potentially a purer measure
than existing tasks which utilise verbal response methidusIST was usedo explore
agerelated changes in inference generation abilities in Year 5, Year 7, Year 9 and adults
using a crossectional design. Findings suggest that inference generation skill plays a
role in both reading comprehension and text pradoaluring adolescengevith skill
increasing until Year 7Error patternsuggest thatoherence inferences were no more
difficult than elaborative inferencder Years 5, 7 and adult¥ear 9, however, found
coherence inference generation more diffichian elabortive inference generation.
Inference generation speed was found to improve until Year 9 for botivoddl and
counterfactualvorld information, with ime-course patterns comparable across all age
groups, such thatin realworld and counterigualworld conditions, coherence
inferences were generated online and elaborative inferences offline-w&l
coherence inference generation skill was found to be underpinned by knowledge during
adolescenceBoth knowledge and inhibitory control appdarplay a role in realorld
elaborative inference generation skill during adolescence. Counterfacitél
inferences were both found to be underpinned by belief besgsnhibitory contral
However the direction of effeadf inhibitory controlrevessed(from positive to negative)

in Year 9 Further research ineeded to explore whether thaffect is specific to the
current sample or more generalisable. Based on the findings, educational
recommendations are provided, including suggestions for assessment and activities at
specific points in the reading process. The recommended activities dacpromoting

those skills underpinning inference generation.
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OVERVIEW

This thesis is split into three partart 1 is concerned with reviewing the existing body

of research exploring inference generation abilitieiserefore,a literature review is
presented i€hapter 1. Part 2 of this thesis focusegderence generatiaask selection,
design, and evaluatio A review ofcurrent inference generation measusgwesented in
Chapter 2. This review revealed thatone measure is suitable for the assessméotiof
inference generation skill and tireeurseacross a wideange of age group$herefore,

a new researchedesigned inference generation measure is introduced at the end of
Chapter 2Thelmage Selection Task (ISTJhe studyreported in Chapter 3 evaluated
the appropriateness of the infererexking texts and pictorial stimuli used in t&T.
Thestudy reported in Chapter 4 evaludtiee utility of thelST by comparing patterns of
results from thaéST with those of an existqymeasure using the same methodolddne

IST was found to be a valid measure of inference gener&#sit8 of this thesipresents

the data and analysis of one large study conducted usingth® assess inference
generation abilitiesluring adolescenc& he methodology underpinning the large study

is reported in Chapter 5. In Chapter 6 a relationship between inferencatgenand
reading comprehension and text production is established. The reading comprehension
ages of each age group were also exploresulting in the construction ddur new
groups, split by reading comprehension age instead of chronological age.réading
comprehension age groups were used to conduct additional analysis in Chapters 7 and 8.
The developmental trajectory of inferential skilumber of errorsand timecourse
(speed)was explored in Chapter 7 and the development of those cogrstis
underpinning inference geration during adolescence wesplored in Chapter 82

general discussion of findings is presented in Chapter 9.
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Part 1: A Literature Review
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CHAPTER 1 LITERATURE REVIEW

The ability to successfully comprehendeat is one of the most important skills a child
or young person (CYP) must develop, given the importance of reagimgrehensioto
educational success and later professional su¢Cess & Oakhill, 2006aMenegtetti,
Carretti, De Beni, 2008\ ational Genter for Eduational Statistics, 2009; 201%alahu

Din, Persky, & Miller, 2008 However, between 2010 and 2018und one third (31
35%) of CYP finished Secondary School without achieving ttezdcy levels expected
(Department for Education, 2045 Government statistics suggest that some of these
CYP did achieve agerelated expectations (ARB} the end oPrimary School, such that
only 11-:17% of CYP completed Primary School without achievVitegacy ARE between
2005 and 2010This suggests that f@ome CYP Secondary School presents challenges
concerning the development of literacy skillkis isfurtherevidenced by progress rates,
such that between 2010 and 2015, less than one fitA¥%8 of CYP failed to make the
expected progress during Priméschool, whereas around one third @1P%0) of CYP
failed to make the expected progress during Secondary S&reqmrtment for Education,
201%). This suggests that some CYP have the literacy skills needed for success during
Primary School but begin tdaraggle during Secondary Schodhe primary purpose of
this thesis is to build upon the existing body of literature used to infeading

comprehension teaching and interventimmingadolescence

Reading comprehension is mefiiceted resulting from tle interaction of several skills,
the exploration of all would be beyond the scope of this tifEsisch 2012; Oakhill &
Cain, 2011; Perfetti & Adlof, 2012;an den Broek, 2032 Therefore, ér the reasons
listed below, inference genei@t abilities arethe focus of this thesi¥waan & Singer
(2003) suggest that almost all aspects of compreheastoat leaspartially inferential
with inference generation at the heart of many skilled models of reading comprehension
(Kintsch, 1988; va den Broek, Rapp, & Kendeou, 20@yaan, 2008 Demands for
inferential, as opposed to simply literal understandatgoincrease as the CYP moves
from Primary to Secondary Schq@lQA, 2013 Department of Education, 201Beach
Scarborougl& Rescorla2003. Similarly, research exploring poor comprehendénsls
that whilst poor comprehenders are a heterogeneous gnmuamy often have weak

L In this thesis dolescencegafers to 910 years to adulthood (18 years and over). This range was selected
as, as highlighted in Sections 1.1.2. and 1.2.2. this appears to be a potential period of qualitative change.
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inference generation skill€ain & Oakhill, 1999; Cain & Oakhill, 20@6 Cornoldi, de

Beni, and Pazzaglia, 1996jetcher & Vaughn, 2009 Whilst teachersoften identify
ZHDN LQIHUHQFH JHQHUDWLRQ V NsLexpg@rienteyteBchanséH G L C
oftenunable to gaany further than thisti.e. state a specific class of inferences the CYP

is struggling with, state which aspect of inference generation a CYP is strugglingrwith,
provide a specific strategy to support the CYP. This suggests a lack of understanding of
what inference generation ad what teachers should expect from a CYP at any given
time. It is vital that a comprehensive understanding of the role of inference generation in
the reading comprehension process duaitigiescences held as this could support those
CYP who are not maRg the progress expected during the Secondary School yiéws.
typical development of inference generation abilitilesing adolescences the focus of

this thesisSee Figure 1 for an overview of this Chapter.

22



r ~

Real-World Inference Generation
This section defines inference generation and the various inference types. The Constructionist Theory is drawn upon to categorise
inference types and make predictions about the associated time course (Graesser, Singer & Trabasso, 1994). Whilst several other
theories exist (e.g., the minimalist hypothesis; McKoon & Ratcliffe, 1992), the Constructionist Theory is drawn upon in this study as it
is currently the most prominent and supported theory of inference generation. The development of the different inference types is then

l discussed, with a specific focus on those studies exploring age-related changes during the Secondary School years. |

Counterfactual-World Inference Generation
This section defines counterfactual-world inferences and their use in the classroom. Given a lack of research focusing specifically on
counterfactual-world inference generation, research exploring counterfactual-world text processing and counterfactual-world reasoning
is discussed. The development of different inference types is discussed, with explanations for age-related changes being drawn from all
three bodies of literature.

Components of Inference Generation
This section outlines the neurological basis of inference generation in order to highlight its multifaceted nature. Developments in those
brain areas implicated in inference generation are explored. Four key skills thought to underpin real-world and counterfactual-world
inference generation are identified: Amount of Knowledge, Accessibility of Knowledge, Inhibitory Control, and Belief Biases. These
skills and their role in inference generation are discussed.

Inference Generation and Literacy Skills
This section outlines the role of inference generation abilities in two key higher-order literacy skills: Reading Comprehension and
Written Language. Inference generation is discussed within the constraints of the Simple View of Reading and the Simple View of
Writing as these models are prominent within the literature and used to inform educational practice (Gough, Hoover, & Peterson, 1996;
Juel, 1988). Limitations of the application of these models to the Secondary School years are discussed. Hayes model of writing
development is used to hypothesise about the role of inference generation abilities in writing development.

Summary of Research
This section presents a summary of the research and research aims.

Figure 1.1 Summary of Chapter 1
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1.1 RealWorld Inference Generation

Comprehension is more than the simple decoding of words. It is the ability to extract the
relevant (and often implicit) meaning aftext. Van Dijk and Kintsch (1983) propose

three levels of mental peesentation of a text: surfat®vel, propositionalevel, and
situationallevel tsee Figure 1.2The surfacdevel is a verbatim representation of the
words and phrases presentedhe text. The propositiondgvel represents the explicit
semantic meaning of the text but exact words and phrases are sfterhie situational

leveel UHSUHVHQWY DQ LQWHIJUDWLRQ RI ERWK WKH VHPI
relevant background kmwvledge. Subsequently, the structure of the text is often lost, with
LQIRUPDWLRQ ILWWLQ JexisthgVihoMerde add elizidoli%e/ the U H
preceding levels, the situational model is thought to contain both explicitly and implicitly
stated mformation regarding the characters, objects, settings, events and actions (Graesser,
Singer, & Trabasso, 1998chmalhofer, McDaniel &eefe, 2002 The situational model

is associated with true comprehensibhe construction of a situatial model of tk text

is thought to require more effort than the constructiontbieia surfaceor propositional

level mode] however €.g. Friese, Rutschmann, Raabe & Schmalhofer, )2008&
situationadlevel representation, thoughfound to be more robust and lefagting, being

stored in longeerm memoryKintsch et al., 1990 For comprehension in the classroom,

it is the information contained in the situational model that the CYRalylto acquire

and store (i.elearn) and thuke able taetrieve at a later date (i.eecall foruse in an

assessment).
Level of Representation
Surface Level Propositional Level Situational Level
The frogs sat on the log Sat [frogs, log]

Figure 1.2 A Sample of aSchematic Representation of the Three Levels of Mental

Representation

Several theories have been prggmbso explain the constructiaf a situationaimodel
(e.g.Kintsch, 19881998; Kintsch & Van Dijk, 1978yan den Broelet al.,2005; van den
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Broek Young, Tzeng& Linderholm,1999; Zwaan, 2003 The fundamentals of most

skilled models are the samerefore, whilst dcussion and evaluation of a@f these

models is beyond the scope of this thesis possible to briefly outline the general
principles of mental model constructiodinowledge is thought to be activated via an
associative mechanism whilst reading. The knowledge and text activawckid UHD G H U
ZRUNLQJ PHPRU\ DUH LQWHJUDWHG LQWR WKH UHDGH!
of iteration, whereby strong connections become stronger and weaker connections are
lost. Additionally, most models converge to suggest tbafdill compretension 4i.e. for

an enriched situati@h model to be constructedtinferences are needeldor example,

consider the passage below:

3/XF\ ZzZDV LQ WKH ZRRGV ,W ZDV JHWWLQJ GDUN DQG \
a rabbit to her right. She crouchetbwn low and then slowly began to sneak up on the
rabbit, one paw at a time. When she was close enough, she pouec¢di] Wagged as

she tuckediw R KHU PHDO °

To fully understand even this short passage several inferences must be made. The reader
mustinfer that Lucy is a dog, it is early evening, Lucy is hungry, therefore she wanted to
FDWFK WKH UDEELW DQG HDW LW /XF\ VQXFN XS RQ WI
WKH UDEELW DQG DWH LW 7KH UHDGHU PXNQ/GDOWKH L
The reader could also make additional inferences concerning the breed and colour of dog,
the colour and size of rabbit, etc. Inferences are thus fundamental to successful mental

model construction, with the number and rangpassible inferenenumerous

Whilst inference generation is positioned at the heart of situational modetumbiost,
inference generation appears to bedistinct processabove and beyonditeral
understandingNeuroimaging research finds thathen participants read a&xt that
requires an inference, those brain areas associated with literal text comprehension are
activated alongwith several other areasypically the inferior prefrontal gyrus and
superior temporal gyrus;g.Jin,Liu, Mo, Fang, Zhang & Lin, 20Q09ungBeeman, 2005;
Kim, Yoon, Kim, Lee & Kang, 2012Mason & Just, 2004Prat,Mason & Just2011;
Virtue, Parish& JungBeeman2008. Those additional areas of the brain activated when
reading texts requiring an inference are related to skilligprocessesich ashe selection

of appropriate knowledgsemantic integration and detection of inconsister{@iger &
MarslerWilson, 2008;Zhang, Feng, Fox, Gao & Tan, 2004; Zhu, Zhang, Wang, Xiao,

Huang & Chen, 2009 Given its unique and distinciature, specific exploration of the
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inference generation process duriagolescencemay prove fruitful in furthering
understanding of reading comprehension during this titbederstanding which
inferences CYP generate whilst reading and the processespummiigg this is vital if
specific literacy needs are to be identified for those making slow progress during the

Secondary School years.

1.1.1 Categorisation of Inference Types

Although different terminology may be usedwo distinct types of inferencera
consistently identified: 1) canence and 2) elaborative (eGyaesser et al., 1998jnger

& Ferreira, 1983). Coherence inferences refer to those inferences essential for the
construction of a coherent mental representation of aTthely may link aeferent to its

owner or link explicitly stated information by drawing upon existing background
knowledge to bridge a gagsee Table 1.1. for examples and Section 1.1.1.2.1. for further
discussionElaborative inferences are not necessary for maintaicaigrence, but do
create a more enriched representation of thetssé Table 1.1. faxamples and Section
1.1.1.2.2 for further discussionSeveral different types of inference fall into each
category. Consequently, comprehensive categorisation systems have been developed.
Table 1.1 provides an overview of the thirteen different classes ofrcte@itlined by
Graesser et a{1994).
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As can be seen from Table 1.the number of inferences that could be drawn whilst
reading is numerous +RZHYHU D U Ribg&apdcityis droitedT kekeforejt is
unlikely that all possible inferences are drawn whilst reading. One of the most prominent
and controversial areas of investigation in inference geparé&ithus determining the
time-course of different inferencg/pes. Specifically, which inferences are generated
online and which inferences are generated offid@ine inferenceare those inferences
drawn whilst reading. The timeourse of their generation is argued to be rapid, since they
are drawn with no dittle strategic effor{e.g.BowyerCrane & Snowling, 2010Zalvo,
Castillo, & Schmalhofer, 200&ord & Milosky, 2008. Offline inferencesre those that
require strategic effort and, as a result, arednatvn whilst reading. The tirm@ourse of
offline inference generation is argued to be significamhgkr than the inferential time

course of online inferencégs.g.Campion, 2004Calvo et al., 2006

Online inferences arihose infeences generated whilst readimgth minimal strategic
effort +i.e. automatically However, this definition seems to conflict with the deifom

of reading comprehension beitttge result of a complex interaction between a variety of
skills and processdg.g. Kintsch 2012; Oakhill & Cain, 2011; Perfetti & Adlof, 2012;
van den Broek, 2032The nature of an online inference must be understood within the
wider context of reading comprehensidmtomaticity is not absolute but relative, such
that automatigrocessing occurs faster andthe result of less conscious effanan
strategic processing (Thurlow &awn den Broek, 1997Knowledgebased inferences
depend on the activatioand integratiorof the necessary knowledge from letegm
memory (Graesser et al., 1994Therefore, fi the knowledge necessary for inference
gereration is not automatically activated the reader may have to engage in a conscious,
straegic search of longerm memoryEricsson & Kintsch, 1995)n this case, inference
generation would be offlin&hen reading, knowledge related to the text is thotahe
automatically activated via associative mechani@firgtsch, 1988; van den Broek et al.,
1999 2009. The knowledge must then be integrated wittt teodes and a link formed
(Graesser atl., 1994; Kintsch, 1998 This process is more demanding timaaking no
connection between knowledge and +ealld information, such that texts evoking
inferences result in longer reading speeds and highels of brain activity (e.gCasteel,
1993; Virtue, Haberman, ClancyRarrish,& JungBeeman,2006. However,when a
strategic search of loAgrm memory is not requirethis process is routinely found to
occur within 400ms Garrod, O'Brien, Morris& Rayner, 1990). Skilled models of

reading comprehension suggest that texrrocessed in cycles (occurring at the end of a
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sentence, clause or phrase), with each cycle taking no more than 400ms (Kintsch, 1998).
Thereforewithin the bounds of reading comprehensian onling automatianference

is one that is activated and lulintegrated into the situational model within 400ms.
Conversely, an offlinestrategidnference can be defined as an inference thiaitst not
integrated into the situational model within 400ms, can, with a strategic and conscious

search of longerm memory; still be generated when the reads given more time.

1.1.1.1 Experimentally Determining the Onlinéffline Nature of an Inference

Inference generation measuessessing the onlingfline nature of different inference
typesare underpinned hbiyvo assumptiong-irst, as discussed above, the generation of a
link between two or more tee DVHG LGHDV DQG WKH UHDGHUf\
knowledge is more demamdj than literal processing (e.g. Casteel, 1993; Virtue et al.,
20069. Therefore, measures that tap the inferenti&he-coursewnhilst reading (e.g.
readng speeds, eye movements, byianaging) conclude that an inference has been
drawn online ifmore cognitive effort imbserved compared the processingf explicit
information (measwd by slover reading speeds, increased esgions and longer
fixations, and increased newmal activity). Second, onlineferences are integrated into

the situational model within 400na which point theyshould bereadily accessible in

W K H U H Dkihgliroeimoryiithe same way as explicgbatednformation.Therefore,
inference generation measutieat tap the inferential timeourseby recordig responses

after reading (e.dexical decision, naming, validation) conclude that an inference has
beendrawn online if the inferential item is responded to just as fast as explicitly stated
information. This is known as a facilitation effect. See Chapter 2 for discussion of current

inferential assessment tools.

1.1.1.2 The Constructionist Theory

The Constructionist Theory, proposed by Grsarset al. (1994) has three critical

assumptions:

1. The reader goal assumptiatthe reader will attempt to construct a situational
model of the text that addresses their specific goals.

2. The coherence assumptiatthe reader will attempt to construct a situational
model that is both locally and globally coherent.

3. The explanation assumptiatihe reader will attempt to construct a situational

model that explains why particular events and actions have occurred.
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As can beseenfrom Table 1.1, Graesser et a{1994)propose three general classes of
inferences: coherence inferences, elaborative inferences, and pragmatic communicative
exchange inferences. Based on the thsseimptions outlined above the Constructionist
Theay predicts that coherence inferences are routinely drawn online whereas elaborative
and pragmatic communicative exchange inferences are drawn offline. These predictions
were supported by Graesser et(@B94) using a threpronged method, combining vetba
protocols (thinkaloud and questieanswering, questieasking tasks), timed behavioural
measures (reading speeds, response latencies on reaxmdihgxical decision taskand
theoretical pedictions. The Constructionisth€ory acknowledgethat there will be
exceptions to these predictions. For instance, if HOIGHU V JRDO LiMad¥,LP SO\
as opposed to comprehend the text; they are unlikely to be seeking coherence or
explanations. Moreover, whilst, for the salesimplicity, Graasser et al(1994) make a
dichotomous distinction between online and offline inferences, they recognise that in

reality the onlineoffline nature of infeences will run on a continuum.

1.1.1.2.1 Coherence Inferences

Coherence inferences are those thahfa link between ideas both explicitly stated in the

text and those that can be implied. Typically, this requires the activation and integration
of background knowledge from lofigrm memory. As can be seen from Tablg.,1.
according to Graesser et 41994), a number of inferences fall into this category:
Referential, Case Structure Role Assignment, Causal Antecedent, Superordinate Goal,
Thematic, and Character Emotional Reaction. The most commonly researched coherence
inference is the causal antecedafgrence whictbridgestwo ideas or concepts together.

S-DFN ZDQWHG D FXS RI WHD EXW WKHUH ZDV QR PLON
VKRS ~

To understandvhy Jack headed to the shop it is necessary to link the second sentence
with the first byinferring that Jack was going to the shop to buy some milk. To do this

the reader must first activate the mediating idea that shops sell milk from their background
knowledge. Without this link, the two sentences would appear unrelated and incoherent.

Coheence inferences are consistently found to be drawn ofdigeBowyerCrane &
Snowling, 2010Bloom, Fletcher, van den Broek, Rei&Shapiro, 1990Casteel, 1993;
Ford & Milosky, 2008 Kim et al., 2012} ong, Seely, & Oppy, 199@ratet al.,2011;
Suh& Trabasso, 1993Yirtue et al., 2006; 2008Specifically, the knowledge needed for
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coherence inferences is thought to be automatically activated via associative mechanisms
and have strong and numerous connections to other nodes within the Imadelition,

the Constructionist Theory suggests that constructionist processes may héghten
strength ofa connection if it provides coherence or an explanafidrerefore, when
iteration occurs the coherence inference is strongly activatequackly integrated into

the situational modédlwvithin 400ms)

1.1.12.2.Elaborative inferences

As can be seen from Table 1.4 number of inference typasge classified as elaborative
Causal Consequence, Instantiation of Noun Category, Instrument, SuborGioal
Action, and Static. Like coherence inferences, the genematielaborative inferensas
dependent on the activation and integration of background knowledge frorelomg

memory.

37KH \RXQJ JLUO ZDV GXVWLQJ ZKHQ DAsKhepH t@rme@1 FUH
DURXQG WKH ZROI VQDUOHG DQG OHW RXW D WHUULI\L

The reader could generate numerous elaborative inferences from the text above. For
instance, it could be inferred that the wolf is going totka girl (causal consequence),

the drl was dusting with a cloth (instrumentabr the wolf has big sharp teeth (static).
Whilst these inferences serve to enrich the text, they are not necessary for coherence.
Moreover, as is often the casleatdue to limited contextual constraints th@serences

are nad certain +e.g.the girl could be dusting with a feather duster, old rag, or even teddy
bear. ue to limited working memory capacity, it is unlikely that the reader could
generateand maintainall possible elaborative inferenceshilst reading without
overloading working memory (Baddeley, 1986; Just & Carpenter, 1892h if they

could, this would likely be an inefficient use of resourceslas,to multiple possibilities,

as the text unfolds the explanations are likely to be revealedaseousd.g.Albrecht,
29%ULHQ ODVRQ ; QalbUeY al.,, 2006 This is supported by the
Schmalhofer et al. (2002nodel of discourse processing, whicldeveloped within
.LQWVFKY{V &Rt@gvaiob Xiotlke (Knfsch, 1988; 1998) - suggeststhat
coherence and elaborative inference generation result from the same construction
processes, but differ at the point of integration. Specifically, whilst coherence inferences
are confirmed by the text and thus integrated, due to multiplebgdEs, elaborative
inferences are nofThe Constructionist Theyp (Graesser et al., 1994yedicts that
elaborative inferences will be drawn offline (coherence assumpfibaje is a large body
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of research supporting thisuch that, typically, a fddation effect is only observed for
elaborative inferenceafter a time interval of @ms £1250ms(e.g. Calvo & Castillo,
20013 2001b;Calvo et al., 2006Campion & Rossi, 2001;ong & Golding, 1993

The Constructionist feory (Graesser et al., 19%t)ggests that constraining the context
and thus minimising the number of plausible predictive inferences allows for the online
generation of predictive inferencdsweveras there are significantly fewer alternatives

to forecast and thus working memosynot overloadedrhis is supported by a number

of studies finding that elaborative inferences are geneaati@te when the stimuli used
results in possibilities that ahéghly constrained by the text and/or knowledge needed to
generatethe elaborateinference is readily accessibl€alvo, 2000; CalvoCastillo &
Estevez,1999;Jin et al., 2009Klin, Guzméan& Levine, 1999; Cooket al., 2001 Till,
Mross, & Kintsch,1988;Van Berkum, Brown, Zwitserlood, Kooijman, & HagodQ05;
WeingartnerGuzmanlevine, & Klin, 2003. Similarly, Virtue et al(2008) have shown

that predictability underpins the neural processing engaged in, such that highly
constrained text results in a qualitatively different process to less coesittaxt. This
ledVirtue et & (2008 to conclude that individuals only generate inferences when textual

constraints are low when they are forced to do so.

Some studies have found facilitation effdotselaborative inferencester time intervals

of 500ms or leswithout ahighly-constrainedcontext(e.g.Cook et al., 2001Peracchi &
O'Brien, 2003. These studiesypically employ a selpaced reading methodology
through a series of button presses, the participant moves through the thesit awn
speed.lt is argual that when a selpaced methodology is used the reader is able to
anticipatewhen the test item will appear and prediwhat the intended elaborative
inference will be(Calvo et al., 2006Keenan, Balket, & Brown, 1984. Consequently,
participants are ablto engage in the strategic processing needed to generate this inference
beforemoving onto the test item. Therefore, by the time the test item is presented the
reader has already activated the information needed to respond coiEsdblyrative
inferen@ items may appear to be responded to just aadasiherencand literal items,

butthe elaborative inferential processing may actually be occurring offline.

Facilitation effects have been observed for elaborative inferences after time intervals of
400ms or less, even when anticipation effects have been controlled for using a Rapid
Serial Visual Presentation methodologisee Chapter 2(g.FincherKiefer, 19%; 1996;

Keefe & McDanie] 1993; McKoon & Ratcliff, 1986, 19§9Whilst at first this appears
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contradictory, the level to which an inference is encoaedt be consideredskilled
models of reading comprehension suggest that the knowledge activation process is dumb
(e.g.Kintsch, 1998. Subsequently, initiallyjknowledgeneeded for the generatioh @
range of elaborative inferencemy be activated, but only minimallg.e. low activation
levels, limited connectiongfter several cycles of spreading activation, these nodes are
likely to be pruned and thus not be integrated into the final sinstmodel. In this way,
whilst reading, alaborativanference can be activated but only minimally encoded into
the situational modeFacilitation effects for elaorative inferences after a time interval

of 400ms or lessnay thusreflect inferences that have been minimally activated, but
during the process of integratiblave not beeencaled into the situational modeduch
thatwhen tested after longer time intervals, integration has begua fauditation effect

is no longer bserved

In sum, numerous inference types exist with most of these falling within either the
coherence inference category or elaborative inference category. Coherence inferences are
thought to be generated with minimal effort due to the automatic aotivafi the
necessary knowledge and strong and multiple links to other ideas and knowladie.

most part, Eborative inferences are thought to be generated offline, such that whilst the
necessary knowledge may be activated initially, due to multipsilpitities that are not
constrained by the text, this knowledge is quickly pruned from the model, meaning the
target elaborative inference must be drawn with strategic effort after reddanigghly
constraining context is presented, meaning few pilisigib are likely, and/or knowledge
needed is readily accessible elaborative inferences may also be generated online.
Similarly, it is possible that elaborative inferences are minimally activated when reading,
but through the process of integration ast thue to weak activation levels. These factors

must be key considerations when assessing the generation of elaborative inferences.

1.1.2 The Development of Inference Generation Abilities

When exploring ageelated changes this thesis reféo two types of development,
guantitative and qualitative. Quantitative development safechanges in quantitii.e.
increases or decreases in a particular skill. For example, if adults read critical texts faster
than CYP this would be described aguantitative change. Qualitative development, on

the other hand, refers to different patterns across groups. For example, if, regardless of
differences in speed, CYP generated coherence and elaborative inferences offline,

whereas adults generated cohereand elaborative inferences online this would be
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described as a qualitative chandgesearch finds that inference generatiskill
quantitativelyimproves with agewith adults displaying superior inference generation
abilities compared to CYRe.g. Ackerman, 1986, 1988Barnes Dennis, & Haefele
Kalvaitis, 1996;Kendeou, BohfGettler, White & van den Broek, 2008akhill, Cain,&
Bryant,2003. This may be due to qualitative changes in inference generation abilities.
Research finds that whilst very younkildren have the ability to generate inferences
from a narrative, they do not do this spontaneously (e.g. Omanson, Warren & Trabasso,
1978 Paris, Lindauer & Cox, 1977), withe ability to spotaneously generate inferences
whilst readingthoudht to emerge at approximate®yyears (Casteel, 1993; Casteel &
Simpson, 1991, Paris & Lindauer, 1976; Patisal.,1977).After 9-10 yearsthere are
thought to be no qualitative developmentsthre inference generatiotime-course
Consistent with the @hstructionist Theory,asearch utilising online methodologies to
explore thanferentialtime-courseof CYP sugges that, CYPengage in a qualitatively
similar processto adults, such that coherence inferences are generated online and
elaborative infereces offline(e.g.Bowyer-Crane & Snowling, 2010; Casteel, 1998yrd

& Milosky, 2003; 2008.

For instanceCasteel (1993) asked participants to read short texts containing a target
sentence that evoked either a coherence inference, elaborative infereamzéference
(explicit). Reading speeds of the target sentence were recorded to obtain an online
measure of inference generation. Casteel found that 9 year olds, 11 year olds, 14 year olds,
and adults read sentences requiring a coherence inference glawsentences that did

not require an irdrence for understandingi.e. elaborative and explicit. Thelower
reading speeabservedfor coherencenference evoking sentences compared to other
sentence typess indicative of the additional cognitive damds needed to generate an
inference. This suggests tt@YP as young as 9 years are able to spontaneously generate
coherence inferences whilst readirigwever, a will be discussed shortlyhe texts used

by Casteel were not reflective of texts usecdhim ¢tlassroomAdditionally, sample sizes
ZHUH VPDOO FRP Stdaders,@dlysixly tHad padtidiflantsrereading at the

level expected for their agiis possible that those CYP who are not making the expected
progress during the Second&@ghool years are engaging in a different process to those
CYP achieving ageelated expectations. Therefore, inclusion of all typical developers
(where typical development refers to those CYP with no known learning difficulty,
performing within 2 staghard deviations of the mearis key to the development of a
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comprehensive understanding of agkated changes ithe inference generation time

course

Whilst research suggests no qualitative developments in the inference gerteraion
courseafter 310 yearsquantitativemprovements have been observed Bagne<t al.,

1996; Casteel & Simpson, 1991; Casteel, 1993wéier, the age at which adiike
performance is achieved is unclekor instance, Casteel and colleagues found that-adult
like performare is achieved in early adolescerfbetween 10 and 14 years; Casteel,
1993; Casteel & Simpson, 199 onversely,Barnes et al(1996) suggest that the
development of inference generation abilities continuesdéwelop throughout
adolescenceifferencescould be due to the complexity of stimuli used, such that whilst
Casteel and colleagues employed short texts (the texts used by Casteel (1993) are just
four sentences long) Barnes et(@996) employed longer texts, more indicative of texts
used in the @ssroomTherefore, basic inference generation skillay reach aduliike

levels at an early age, but other factors such as distance between information to be
integrated and syntactic complexity may determine how successfully inference
generation skills&n be applied (Duffy & Rayner, 1990; Ehrlich & Rayner, 1983; German

& Nichols, 2003).Moreover, whilst Casteel and colleagues usedoyeso questions,
Barnes et al(1996) used opeanded questions. Caand Oakhill (2006) suggest that

yes or no questianare easier than opemded questions since when arswg a yes or

no questiorthe inferace is explicitly statedn addition, Barnes et a]1996) primed the
knowledge needed to successfully generate the target inferences to control for kaowledg
Theresults of Barnes et ahay reflect a different process to that employed when reading

naturally.

In sum, those studies that have explored inference generation at different points during
adolescence, are inconsistent, with atlkéé performance being aved at different

ages in different studies’his may be due to methodological differencBgsearch
converges to suggest quantitative gains in inference generation abilities between
childhood and adulthootut no qualitative differences afterl® yearsCurrentresearch
islargely OLPLWHG WR pDhowdvdd TherfefdoeHtBaSeHAY R who are making
slower than expected progress during the Secondary School years are not currently
represented-urther research exploring aggated changes in the inference generation
abilities of an adolescensample reflective of the currenypical UK schootaged

population is needed.
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1.2 Learning from Fiction: Counterfactual -World Inference Generation

To be successful in the classroom, and bey@X? mustbe ableo engage with not just
noniction texts, but fictional resources tdeictional texts are central to the enrichment
and reinforcement of subject knowledg®r exampleCYP may learn abouhistarical
HYHQWY E\ UHDGLQJ WHK\WVOUVXEKY D VU DWHRIREIDEY |darn
aboutand reinforceheir understanding difficult scientific concepts that often require
HZKDW LIf WKLQNLQJ E\EEBQHDBJPQWHUWKOW H#ReK DV
$GYHQWXUHVY EEF mBdragekhatapH: Nersess&al RPOWith teachers
advocating the use of science fiction texts in the classroom to encourage scientific
thinking (Dubeck, Bruce, Schmuckler, Moshier, & Bo0sk990) Fictional texts,
particularly fantasy and sciendetion texts are often read for pleasure by CORa(k &

Foster, 2005; Clark & Rumbold, 200Birinksky & Rau, 2001) Reading for pleasure
allows for thepractice and development of sophisticated comprehension, skitls
positive correlation®bservedetween reading habigéd ability to comprehend complex
texts(Cain & Oakhill, 2011 Moje et al., 200&ipielewski & Stanovich, 1997

Fictional textscan present ideas, and thus require a level of understanding, that runs
counter toactual events and/oD Q L Q GL Y L-GoKl®d kKhwedded Bubsequently, a
counterfactualvorld inference is needed. A counterfactualrld inference is an
inference drawn fronrmformationthatviolates reaworld knowledgelt has been argued

that there are two types of counterfactwalrld information:plausible and implausible

(e.g. JohnsorLaird & Byrne, 2002; McMullen & Markman, 2002). Plausible
counterfactuailvorld informaton incl XGHV 3L1I RQO\" V WIDWRHPH\Q WK D GiC
PLVVHG WKH EXV , ZRXOGQIW HKkmlYdie B$dHkQowO RV H |1
HK\S RW K inplausiblécdynterfactuavorld information includes information that
attempts to manipulate p$ical lans such as timeti.e. events that would be impossible

in the realworld (Byrne, 2007; Zwaan, Langston, & Graesser, 1995). Implausible
counterfactualvorld information is thought to be more difficult to process than plausible
countefactuatworld information (e.g. Kulakova, Aichhorn, Schurz, Kronbichle&
Perner2013;Zwaan et al.1995). However, perhaps due to their commonality, failgs

ard the events within theri.e. talking animalszalthough impossible in the reaforld

are thought of as plauséocountefactuatworld information (e.gZwaan et al.1995).
Counterfactuaivorld plausibility is thus best considered on a scale, with completely
implausible information at one end, very plausible information at the other, and the

information in most fay-tales and fantasy texts falling somewhere in the middle.
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Counterfactualvorld inferences particularly those generated from implausible
information, may require the reader to integrate two ideas that would not normally be
connected and may share amection within the book that is impossible in the tealld.

It is important to understand (a) how readrld inferences are generated when presented
in a counterfactualvorld context and (b) how counterfactwabrld inferences are
generated in fantasy drfiction texts. Exploration of (a) is important as information
regarding cultural, political, and historical climates may be inferred from fantasy and
fiction texts. Moreover, information regarding scientific processes may be inferred from
sciencefiction texts. Exploration of (b) is important as the counterfaetu@ld inference
generation process may differ from the realrld inference generation process.
Understandindnow realworld and counterfactuatorld inferential processes differ and
the additimal challenges counterfactuabrld inferences present is essential to providing
recommendations for the promotion of these inferences in the classfb@rsection
explorescounterfactuatvorld inference generation by drawing upon not only research
specfically exploring counterfactualorld inference generation, but also research

exploring counterfactualorld text processing and counterfactuadrld reasoning.

1.21. CounterfactuatWorld Text Processing
Research exploring counterfactwedrld processing routinely finds that counterfactual
world processing results from a different, more demanding process thamworédl
processing(e.g. Ferguson, 2012Ferguson & Sanford, 200&erguson, Sanford &
Leuthold, 2008 Kulakova et al.,2013 Robinson & Beck, 2000) Specifically,
counterfactualvorld processing is thought to result in thepresentation of dih the
actual (realworld) and the alternate (counterfactwadrld) state of eventslohnsorLaird
& Byrne, 2002; Kulakova et al., 2013 To preven confusion between what is real and
what is not, it is argued th#éihe individual dissociatesealworld and counterfactual
world information by constructingat least two mental models: reabrld and
counterfactualvorld (Byrne, 2007) Some argue that ¢h models are represented
simultaneously (see the Mental Model ThealghnsorLaird & Byrne, 2002. Others
argue that the models are created and represented sequentially (see the Suppositional
Theory; Evans, Over & Handley, 2002). Regardless of when tloe mwdels are
represented, RoesBanna, & Galinsky(2005) argue that if the counterfactwedrld is
to be fully comprehended, theo modelsmust be comparedt some point. The real
world information though,is likely to directly cotrastwith the counterfactualorld

information, resulting in conflict, which must be resolved if the counterfagtadt is
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to be processed successfull.g. Byrne, 2007; Ferguson, 2012This effect will be
referred to as reatorld interference.

When recding a counterfactualorld text participants are fourtd exhibit realworld
interference, such that thecall information consistent with realorld knowledge
rather than the teXCeci, Caves, & Howe 1981;Dorfman, 1989; Dorfman & Brewer,
1988. For instance, Ceci etla(1981) found interference effects when participants
recalled a counterfactuatorld text a week after hearing. However, they did not find
interference effects when texts were recalled after an immediate délaysuggests
interfererce may not be presewhilst readingcounterfactuailvorld texts or at least not

at the same levels highlighted byBartlett{ {2932)seminal studythe texts individuals

read and hear are argued tosb@edwithin existing realworld schemas, such thagcall
reflecs SDUWLFLSDQWVY EHOLHIV DQG H[SHUILH&Y EHsy PR U |
be the storage process that results in interference, not compreh&uisibionally, recall
measures are subject to conscious construction processes that dperate whilst
reading (see Chapter 2 for a full discussion). The participant may thus consciously
evaluate any reakorld violations when recalling a texd/though theseiolations may

not have been considered when reading

Many choose to read feasy and fiction texts for pleasufeg.Clark & Foster, 200p If

the processing of counterfactuabrid text was cognitively taxing due to the need to
continuously resolve confliexperienced due t@alworld interference it is unlikely that
these tets would be so popular, it is even less likely that readers would report an
immersion into the fantasy wor{@reen & Brock, 2000)Those studies suggesting that
readers experience disruption due to-weatld interference may not reflect the natural
online readng processSome suggest thathen reading naturally, counterfactweadbrld

text comprehension does not require toenparison of realorld and counterfactual
world modelghatcounterfactualvorld reasoning does (Gilberrull, & Malone, 1990;
Markman & McMullen, 2003; 2005; McMullen, 1997; McMullen & Markman, 2000
Rader & Sloutsky, 2002 his is supported by a growing body of research that employs
online methods such as reading speeds, trackiageomovements and braiimagng to

explore courgrfactualworld text processing.

Recent research suggests that when processing counteraotichtexts, some initial
realworld interference may be experienced, as the reader sets up a countewfadtlial

model, however, once the counterfactwalld model is set up, the conflietxperienced
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is quickly accommodate(e.g. Ferguson, 2012Hald, StennbeelPlanting & Hagoort,
2007; Warren, McConnell & Raynor, 2008or instanceFerguson (2012¢mployed
measures of eye movements to explore the representationpbdtiséolecounterfactual
world mental model whilst readinBarticipants read critical sentences that were preceded
by either a sentence providing a counterfactualld context or aentence providing a
realworld context. Within each critical text was a critical word that was either consistent
or inconsistent with the predmg context. This created foapnditions: 1) reaorld
consistent, 2) counterfactuatorld consistent, 3) coterfactualworld inconsistenand

4) reatworld inconsistent See Table 1.2for example stimuli.Eye movements and
reading speeds were recorded. Reading speeds of the critical wofduvet¢o bdonger

in the counterfactualorld consistent conditionomnpared tcall other conditionsThis
suggests some form of additional processingersdible disruptiorHowever, egressive

eye movements were significantly higher upon encountering the critical word in the
counterfactualvorld inconsistent condition eapared taounterfactualvorld consistent
condition and realvorld inconsistent conditiarFerguson suggests thadrticipants did

not regress back to the critical word in the counterfastuald consistentondition as

the additional reading tim@asusel to set u@ counterfactualvorld model, upon which

new counterfactualorld information can be directly mapped.

Table 1.2 Example Stimuli from Ferguson (2012), showing regions of analysis

Factual consistent
Because Joanne had remembered her umbrella,;| she had avoided the rain.;| By the time she arrived at school Joanne's hair
WS- ciic | dryeicica| and SOIMIE g crivic .| of her friends laughed.,,
Factual inconsistent
Because Joanne had remembered her umbrella,;| she had avoided the rain.;| By the time she arrived at school Joanne’s hair
WaSpre-critic al Weteirc| and SOIME pogr-critic a of her friends laughed., ), up|
Counterfactual consistent
If Joanne had remembered her umbrella,; | she would have avoided the rain.;| By the time she arrived at school Joanne’s hair
WS- ciric A Weteea| and SOME ot crivic .| of her friends laughed.,,
Counterfactual inconsistent
If Joanne had remembered her umbrella,; | she would have avoided the rain.,;| By the time she arrived at school Joanne’s hair
WaSpee-critic al dryeieica| and SOIME osr-critic a| of her friends laughed. .z, u[!|

rap-upl

rap-up|

Researchhas found that thestrength of preceding context mediates the level of

interference faced, with stronger (i.éonger or explicit) contexts resulting in less
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interference + i.e. immediate accommodation- and weaker contexts resulting in
accommodation after a delafe.g. Nieuwland, 2013; Nieuwland & Martin, 2012;
Niewland & van Berkum, 2006 For instance Nieuwland andvan Berkum (2006)
explored the processing of implausible counterfaetu@ld information in
counterfactualvorld contexts and reaborld contexts in two ERRxperiments. They
used stories in which inanimate objects experienced human emotions and engaged in
human actionge.g. falling in love, dancing). They found that anomaly effects (N400
effects) were observed for implausible information in a-ve@ld conext, but not
implausible information in a counterfactuabrld context. The critical word in
Nieuwland andvan Berkumf] {2006) study was presented to participants alongside the
predicate that made the inanimate object animate four times before it istpdegenhe
critical text. It is likely, then, that thidacilitated the setip of acounterfactuaivorld

modelbefore the critical text weaencounteredesulting in minimal interference effects

It appears thatounterfactuaivorld models caralsobe stoed and becompart of the
UHDGHU YV -bageRsdpsoitagd leter counterfactuadrld text processingrilik and
colleagues explored counterfactwadrld text processing using fional, but familiar
scenarioge.g.Harry Poter, Tom & Jerry)tsee Tale 1.3 for example stimuli. Whilst

the natureof the scenarios used by Filik acdlleagues wagnplausible (e.gmagic,
talking animals), the characters were already known to participants, with most
SDUWLFLSDQWYV KDYLQJ H[SHFWDWLRQV DEkkXx#w FKDU
colleaguedound minimal reaworld interference for counterfactuaforld critical exts

in counterfactuailvorld contexts, such that the fixation on the critical world, indicative of
counterfactualvorld mental model construction, was not observed (Filik, 2008; Filik &
Leuthold, 2008; 2013)Interference was observed in counterfaciuafld conditions
when characters did not behave in the way expediedever This suggests that
additional seup time was not needaitially asthe participants already possessed the

counterfactualvorld model needed.

Filik and colleagues also fourtthat anomalies were more easily accommodated for
fictional characters in the counterfactwadrld inconsistent condition than reabrld
characters in the realorld inconsistent condition. This suggests that the counterfactual
world models possesséy partigpantswere more flexible than the reaforld models,
such that fewer constraints were placed on the charaitieesved (Filik, 2008Filik &
Leuthold, 2008; 2013)

40



Table 1.3.Example Stimulior Filik & Leuthold (2013)

In sum, it appears that when déag counterfactualvorld texts some initial reakorld

interference may be experienced as the reader sets up a counterfactdiahodel.
However, the counterfactualorld model is then used to map incoming counterfactual
world information onto, meaninglisruption is minimal. Research suggests that
counterfactualvorld models can beW RUHG LQ WKH U h&&alamng tkQ R Z O
reader to process new tegét within the counterfactualorld, without the additional set

up costsThe research discussablove largely focused on literal understangdhmyvever
Research exploring counterfactwadrld inference generation appears inconsistent.
However, as discussed next, the differences observed may reflaelatge changes in

counterfactualvorld inference generation processing.

1.22. The Development of CounterfactudVorld Inference Generation

Research exploring the development of implausible counterfastorddl inference
generation suggests that rather than developing with age, the ability to tgenera
implausible counterfactuatorld inferences declines with age (Cesi al., 1981,
Dorfman, 1989; Brfman & Brewer, 1988). Dorfmaand colleagues found that adults
displayed more difficulty when generating counterfactmaitld inferences than CYP.
CYP aged 78 years, 910 years, 1112 years, and adults were asked to read known and
novel fables. Participants were then asked to explain timi¢ @omoral of the fableti.e.
generate a thematic inference. Adults struggled to generate the thematic infemence w
it was inconsistent with their realorld knowledge more so thaYP, with a negative
relationship observed between the strength of the necessary knowkeskgand ability

to draw thematic inferences from information that violated daidwledgebase.
However,offline measures of inference generatwere employedAs discussed above,
measures of counterfactuabrld processing taken after reading may overestimate the

realworld interference faced whilst reading.
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BowyerCrane andSnowling (2010) used amed sentence verification tag8VT) to
FRPSDUH FKLOGUHQYV DELO L Wno &orgsMitE tHe@ ability k0Q F H V
draw inferences from fairy stories. Thintyne 310 year olds were asked to read +eal
world and fairy stories. Bowye€rane andSnowling (2010) found that accuracy of
inference generation for both coherence and elaboratieeences did not differ in the
realworld and fairy story conditions, suggesti@y P do not find it more difficult to
generate inferences based on ¢etfactual informationHowever, esponse timewgere
significantly faster in the realorld compared with the fairy stories condition, suggesting
that whilstCYP are able to generate counterfactwakld and reaworld inferences with

equal ease, thefind the process of counterfactual inference generation more tédpang

the generation of realorld inferencesHowever, n both the realvold and fairy story
condition, oherence inference items were responded to as fast as literal items and faster
than eldorative inference items. This suggests coherence inferences are generated online

and elaborative inferences offline, regardless of plausibility of the information.

Graesser, Kassler, Kreuz aMtLain-Allen (1998) asked adults to read fantasy texts.
After each text, participants completed an SVT wightences reflecting four conditions:

(1) reatworld literal, (2) counterfactuakorld literal, (3) realworld inference, (4)
counterfactualvorld inference.Response times were recordd®teading speedf the
whole passagwas also recordedParticipants also completed a test battery assessing
literacy expertise, reading skill, reading time and working memory. Whilst all adults
struggled with counterfactualorld inference statements, those with higher levéls o
literacy expertise were able to successfully draw these counterfacitldlinferences,

but only when they reduced their reading spédicharticipants showed an advantage for
reatworld rather than counterfatworld inference generatiomaheSVT. Moreover,

all adults took much longer to make the true or false decision when confronted with
counterfactualvorld inferences. Taken together these results suggest that the

counterfactual inferences may be generated offline, due to their more taxirgy natur

Despiteboth using a timed SVihe results of Bowye€rane andnowling (2010) and
Graesser et al. (1998) appear to directly conflict. Bov@3mne and Snowling suggest
that CYP are able to generate counterfactwalld inferences with ease such that
coherence inferences can be generatdohe, whereas Graesser etsalggest that adults
find counterfactualvorld inference generation so difficult all inferences are generated
offline. Counterfactualvorld inference generation thus appears to be haotexdults

than children. Moreover, the differing patterns of counterfastuald inference
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generation suggest that children and adults engage in qualitatively different processes
when generating counterfactuabrld inferencesResearch exploring the prssing
underpinning the development of counterfactvalld reasoning may provide an

explanation for the possible conceptual shift observed.

Due to inconsistentfindings regarding the development afounterfactuaivorld
reasoing, Rafetseder and colleaguesought to explore the development of
counterfactualvorld reasoning and the processeslerpinning this in CYP agedy@&ars
to adulthood (Rafetseder, Schwitalla, & Perner, 20R38fdseder, CristiVargas, &

Perner2010). Participants were presented vaitbry worlds like the example below:

Carol came home and did not take her dirty shoes off, and she made the floor dirty with

her shoes. Max then followed Carol across the clean floor in his muddy shoes.
Q: If Carol had taken her shoes off, would the flberdirty or clean?

If the second sentence is not includipe, questiortan be answered correctly using basic
conditional reasoning onlyd.e. someone takes their shoes off, floors generally stay clean.
If the second sentence is includeéddough, basic conditional reasoning results in the
incorrect answer. Subsequently, counterfaetuailld reasoning must be employed for
the correct answer to be given. Stories were acted out using small propsadnd re
participants Participantsvere the asked questions about the story worlds that required
either basic conditional reasoning or counterfaetualld reasoningResults show all
groups performed well on the questions requiring only basic conditional reasoning.
However, for counterfactuatorld reasoning adulike performance was only observed

in the 1315 year olds. Performance did significantly improve betweéry&ars, 710
years, 911 yearsand 1315 years, however. Taken together, it appears counterfactual
world reasoning abilities delop throughout childhood and into adolescence, such that
they are not fully developed (i.¢0 an aduHike level) until around 1345 years, when

CYP shift from basic reasoning to counterfactwakld reasoning.

Raefetseder et a(2010; 2013)suggestthat basic conditional reasoning requires the
construction ofust one representatiotii.e. the realstate of events or imagined state of
eventsVan Reet, Pinkham, & Lillard, (2007) suggest that young children may create just
one mental model when pros@sy counterfactualvorld information ti.e., engaging in
pretend playlf children are only constructing one mental model, a counterfaatodd

model, when reading they will face less realrld interference than tho§'P and adults
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who are constructm both a counterfactuaorld model and a conflicting reatorld
model. The construction of only one mental model also explains the ease with which
children are able to engage in other activities requiring cdactealworld processing
te.g.pretend plg (Currie, 1998Harris & Kavanaugh1993;Jarrold, Carruthers, Smith,

& Boucher, 1994Riggs & Peterson, 2000y addition to employing different procesgin
strategies, Rafetseder et #R010) suggest the information contained within the
counterfactualvorld mental models constructed 6y P may differ to those constructed

by adults. SpecificallyRafetseder et ali2010) have shown that there is a lack of
consistency between what adults and children believe should be chanegss.
consistencyvas also obervedoetween the children about what needs to be changed. This
suggests children are more flexible and adults more rigid wigempulatingrealworld
states.This may explain the conceptual shift observed in counterfaatoddl inference
generation. Whst children create counterfactuabrlds where anything is possible,
adults may change only one event at a time as the text necessitates. Therefore, adults may
have to deal with conflict each time a counterfactvatld eventis encountered.

Research expling counterfactualvorld text processing suggests that adults may also be
able to create flexible modeleowever Filik (2013) found that momalies were more
easily accommodated for fictional characters thanweald characters. This suggests
that counterfactualworld contexts are more flexiblthan realworld contexts ti.e.
readers are more accepting of atypical information when processing fantasy information.
This may be because when reading counterfagtodld texts some argue that readers
actively suspend disbeliei.e. uyu4WKH LPSRVVLEOH EHFRPHY §RVVLE
This is supported by Huang ai@brdon (2011) who suggest that readers are able to
determine whether a text is fictional or miictional and then employ different processing
strategies accordinglylf so, then adults would also be expected to engage with
counterfactualvorld inferencegeneration with the same ease as childfEms is
supported by the growing body of research utilising online methods to explore
counterfactualvorld text processing in adults, such that, as discussed above, adults
appear to be able to quickly accommoddigruption experienced due teealworld
interference when processing counterfactuatld texts €.g.Ferguson, 2012; Hald et al.,
2007; Warren et al2008).

At presentthere is no one study exploring the developmental trajectory of implausible
counterictuatworld inference generation, within a story contextOMP and adults

using the same methodolagks a result, the differences observed between adults and
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CYP could be attributable to methodological discrepancies, as opposed to a conceptual
shift. BowyerCrane andnowling used short, simple texts suitable for 9 year olds (114
144 words long, with readability ratings of seven years and four months or less) whereas
Graesser et al. used longer, more complex texts-16@9words long, with readability
ratings ranging from@roximately 2040 year3. It has been argued that complex texts

are often processed at a surfdeeel, rather than a deep level (Baker, 1979; Glenberg,
Wilkinson, & Epstein, 1982). Whilst this allows the individual to feel they have
comprehended the text, it is argued that the representation created is ignorant to any
GLVFUHSDQFLHY EHWZHHQ WwoHd kidWétigdd(aBknen B#979;H D G H
Otero & Campanario, 1990; Vosniadou, Pearson, & Rogers, 1988). Therefore, the
difficulty experienced by adults could be reflective of the complex texts they were asked
to read as opposed to the processes underpinning counter&otidlinference
generationHowever, this is unlikely given that reaforld texts were of similar difficulty

It is possible, though, that the complexity of the text affected counterfactukl
inference generation abilities, more so than-veadld inference generation abilities.

Second, whilst Bowye€rane and&nowling(2010)employedan almost immediate tien
interval (500ms) between the presentation of the critical textSAd Graesser et al.
(1998)did not present th8VT until the end of each chapter. Therefdhe time interval
between critical text and test item was longer tthert employed by BowyeCrane and
Snowling and inconsistent across tex®esearch suggests thag the time interval
increases so does the probability of the inference being judged againstoreal
knowledge (Singer, 1994). Therefore, adults may have faced mosgoddinterference

than CYPwhen validating counterfactualorld inferences.

Third, research shows that for reabrld information coherence inferences are generated
online whereas elaborative inferences are @alvo & Castillo, 1996; 1998; 2061
2001b;Calvo et al., 2006Casteel, 1993; Casteel & Simpson, 1991; Ldadding, &
Graesser]992; MagliangBaggett, Johnson, & Graessg893; Millis & Grasser, 1994

This is the pattern of salts observed by Bowy&rane andSnowling (2010) for
counterfactualvorld information. Whilst BowyeCrane and&nowling specify the types

of inferences explored, Graesser et(@P98) do not. It is possible that a) the infexes
explored by Graesser et alere predominantly elaborative inferences or b) the lack of
discrimination between coherence and elaborative inferences resulted in skewed results.

However, the time®VT is not a true measure of online inference generation (see Chapter
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2). Therefore, further research using true online measures such as reading speeds and

tracking of eye movements needed.

Finally, BowyerCrane andnowling(2010)used fairy tales in the caterfactuaiworld
condition, conversely, Graesser et(@998)used texts that violated the laws of time and
spaceThe processing of counterfactwabrld information within fairy tales is thought to

be less demanding than less familiar implausible inftion Zwaan et al.,1995 The
counterfactualvorld information processed by adults may have been more difficult than
that processed by children. It is unclear if adults would still display as much difficulty
generating counterfactualorld inferences if tyen shorter, simpler texts comprising
more plausible counterfactuadorld information, with exploration and comparison of

coherence and elaborative inferences using online methods.

In sum, counterfactuabiorld processing appears to be qualitativelyed#nt for adults

and childrenwith a conceptual shift in processing occurring during adolescence.
Specifically, whilst children may adopt a basic conditional reasoning strategy, such that
they construct only one mental modaljer CYPand adults may adoptraore complex
counterfactualvorld reasoning strategy, such that they constamd comparewo
models However, at present, due to limited research utilising more than one age group,
it is unclear if the differences in counterfactuwadrld inference genation abilities are

due to methodological differences between those studies exploring aduy Brat a
conceptual shift in processing. Further research exploring the developmental trajectory of

counterfactualvorld inference generation in CYP andiudtsis, thereforeneeded.

1.3 Components of Inference Generation

Inference generation is a muliceted skill resulting from the interaction of several
processes. Exploration of the underlying process of inference generation is key to
informingeducational recommendations and the design of specific targeted interventions.
This sectionoutlines the neurological basis of inference generation and then déscuss
those skills central to realorld and counterfactuaborld inference generation during

adolescence

1.3.1 Neurological Basis of Inference Generation

Inference generation appears to be a distinct skill, resulting from unique progcessing
above and beyond that assded with literal comprehensiofe.g. Ferstl, Neumann,

Bogler, & von Cramon?2008; Ferstl, Rinck, & von Cramon, 2005; Ferstl, & von Cramon,
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2001;Kim et al., 2012Kuperberg, Lakshmanan, Caplan, & Holcomb, 20t et al.,
2012 Prat & Just, 2010; Prat, Keller, & Just, 200#tue et al. 2006; 2008. It is possible
then,that thedevelopmental trajecty of inference generatiadiffers to that of reading
comprehensionSpecific and additionalteaching of inference generation skills may be
needed.Distinct patterns of brain activations are also observed for coherence and
elaborative inferencessuggesting thadifferent strategies and interventions may be
needed to suppothe different inference typg8eeman, BowderGernsbacher2000;
Chow, Kaup, Raabe, & Greenlee, 2008 et al., 2009Virtue & van den Broek, 2005

For coherence inferenceset left hemisphere is strongly activated, with the superior
temporal gyrusnitially activated followed by theinferior frontal gyrusat the coherence
break(e.g.JungBeeman, 2009ylason & Just, 2004Yirtue et al.,2006). Activation of

the superior temporal gyrus is associated with skills such as cognitive mapping and
semantic retrieval (Robertsprisernsbacher, Guidotti, Robertson, Irwin, Mock, &
Campana2000; Wagner ParaeBlagoev, Clark,& Poldrack,2001). Activation ofthe
inferior frontal gyrus is routinely associated with skills such as inhibitory corirol
specifically information selection from competing alternativesnd language and
semantic processing (BarcBraver, Sabb& Noll, 2000; SegerDesmond, Glover, &
Gabrieli, 2000). Consistent with behavioural research, neuroimaging resdarch
suggests thdbr coherence inferencdenowledge is activatedhilst readingandthen at

the point of a coherence breadelection processes operate to isolate the negessar
knowledge and integrate this with the text and/or related knowledg&shmalhofer et
al.,2002.

For elaborative inferenced)d right hemisphere is strongly activated, with the superior
temporal sulcus and the inferior frontal gyrus routinely atéigt (Chav et al., 2008; Jin

et al., 2009. Chow et al(2008) argue that knowledge activatidaring the elaborative
inference generation process controlled by toglown processes similar to those
implicated in selected semantic retrieval, evidenced by the activatitme ohferior
frontal gyrus and superior temporal sulq¥gagner et al., 20Q1Barch et al., 2000;
ThompsorSchill, D'Esposito, Auirre, & Farah,1997).Similar to coherence inference
generation, relevant knowledge is then integrated with the text and other knowledge to
generate an inferenc@herefore, wilst the processes underpinning coherence and
elaborative inference generatiare the same or similar, ihéme-coursemaydiffer. The
knowledge activation process may also differ, such that it is more of a conscious, guided

process when generating elaborative inferences compared to coherence infétaaces.
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is supported by thieemispheric differences, such that Virtue and Joss (2012) suggest that
the right hemisphere, heavily implicated in elaborative, but not coherence inference
generation, is utilised when the language resources of the left hemisphere have been
exhaustedWhilst inference generation is a multifaceted slalg(Virtue et al., 200§
exploration of all of these skills is beyond the scope of this thesis. Therefore, given their
importance and possible different roles both coherence and elaborative inference
generation, this thesif®cusesn the role of knowledge activation and inhibitory control.

1.3.2 Knowledge

For both adults an@YP, those with high topic knowledge generate more inferences on
texts relating to said topic than those with low topic knogéedegardless of I1Q (Birch

& Bloom, 2004;Tarchi, 2010, 2012)The krowledge a reader possest#assdetermines

the inferences they can generate, such that if the necessary knowledge is not possessed
by the reader, the target inference cannot be genefatadsser et a(1994) argue that
background knowledge and the inferences this facilitates detetingimeeaning a reader

can derive from a texkor instance, when readingW KH JLUO SLFNHG XS WK
supporting context, the reader couddrive a meaning related to a piece of sports
equipment or a small animal depending the knowledge they pssss General
knowledge has been found to improve with age, this may thus explain developments in
inferential skill Schroeders, Schipolowski, & Wilhelm, 2015; Thorsen, Gustafsson &
Cliffordson, 2014).

Inference generation, particularly whilst readingaigued to be an automatic process
(e.g Graesser et al.,, 199&intsch, 1993;McKoon & Ratcliffe, 1992. Knowledge
accessibility refers to how fast knowledge can be activa@dcksberg, Brown &
McGlore, 1993. Difficulty rapidly accessing the necessanokledge habeen found to
result in inference generation failuend may explain developments in inference
generation skill during adolescen(®arnes et al., 1996 romley & Azevedo, 2007,
Kintsch, 1994. Bameset al. (1996) explored how accessibilityf&knowledge affects
knowledgebased inference generation abilities in CYP agd&years. To account for

the effects of amount of knowledge Barnes et al. asked children to learn facts about a
fictional planet. After cotrolling for age, Barnes et afound in all age groups,
information that could be retrieved quickly was twice as likely to be used when drawing
inferences as information that was more difficult to retri@®@h inference generation

skill and knowledge accessibility were found to improvéhvage despite all groups
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possessing the necessary knowledge. Improvements in inference generation between 6

15 yeas thus appear to be underpintdimprovements in accessibility of knowledge.

Barnes et al(1996) found that the role of knowledge acdabty varied according to
inference typeThe importance of knowledge accessibility was found to increase feor real
world elaborative inferences, but decline for +eakld coherence inferenceBarnes et

al. suggests that this is du® improvemens in accessibility of knowledge and
comprehension monitoring. As the CYdRevelops,they are more likely to detect
coherence breaks whilst readirgir{iger & Flavell, 198}l The nstructionis Theory
suggests that readers aim to maintain coherence whaldinge and may engage in a
laborious search of loagrm memory if the necessary knowledge is not readily
accessiblgGraesser et al., 1994)herefore, accessibility of knowledge becomes less
important.However,Barnes eal. primed the necessary knowledgecontrol for amount

of knowledge.When generating coherenagerences in the Barnes et atudy, the
necessary knowledge, even if not readily accessible, may have been weakly activated,
thus requiring minimal effort to be fully activated. Participantsy have thus freelyand
potentially consciouslyengaged in this additional processing, knowing that they would
find the knowledge they would needowever, when reading naturaltyhe knowledge
necessary for coherence inferences is thought to be tactittarough associative
processing& RRN +DOOHUDRQ ;Ki2t§ch, W98B; @998; van den Broek et al.,
2005. When not readily availabl@pt wanting to disrupt the reading process and not sure
how laborious of a search will be needed or if te&rsh will be successful, older readers
may not engage in this potentially timmensuming yet possibly fruitless task.
Additionally, Barnes et alused an offline measure of inference generation, meaning
participants had time to engage in the strategicgmsing they may not have engaged in
whilst readingSubsequently, accessibility of knowledge would be essential to successful
realworld coherence inference generatiéurther research into the role of knowledge

when reading naturally is warranted.

Much of the difficulty associated with counterfactwadrld inference generation is
attributedto the activation of related but contradictory rearld knowledge (Alter,
Oppenheimer Eply, & Eyre, 2007; Byrne, 20@R05;2007; Evans2006; Evans et al.,

2005. When building a situational model of the text the rease@hought toactivate

related but contradictory realorld knowledge, however, this knowledge may have
stronger and more numerous connections than those nodes associated with a

counterfactualvorld interpretation(McNamara & McDaniel, 2004; Zwaan & Truitt,
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2000. This issupported by Alvermann, Smith aReéadance (1985) who argue that when
the information in the text is incompatible with reabrld knowledge it is unlikely to be
used to updatthe situational model being constructétzermann et al(1985) asked all
participants to read a texRrior to this the required realvorld knowledge was activated
for one groupz*thus increasing the accessibility of that knowledge. They found when
prevous knowledge was easily accessible participants performed worse on those
guestions designed to assess understanding of text that was incompatible wittriceal
knowledge, with the representation being more reflective ofwedd knowledge than

the caunterfactualworld text. Therefore, if knowledge is easigccessiblemore
interference is likelyd be experienced he aforementioned research focuses on plausible
counterfactualvorld information or ambiguous realorld information. This type of
information typically evokes participants to compare mod&arkman& McMullen,
2003 2005; 2007. Implausible information, howevemnay not always evoke a
comparison(Filik, 2008; Filik & Leuthold, 2008; Nieuwland & Van Berkum, 2006
Further exploration of theole of knowledge in implausible counterfactwabrid
information, in which realorld knowledge may not be strongly linked to the text,

particularly if there is a preceding context would be useful.

1.3.3 Inhibitory Control

Knowledge is thoughto beassociative, resulting in the activation of both related and
contradictory knowlege when reading (van den Broek et 2005; van den Broek,
Risden,& HusebyeHartman,1995 van den Broek et al., 1999). Working memory
capacity is limitedhoweverBaddelg, 1986; Just & Carpenter, 1992). Subsequently, the
maintenance and integration of large amounts of knowledge vhealdly tax working
memory capacity, leavingjttle capacity for the execution of those other cognitive
processes needed to successfullyegate an inference and comprehend a text (Cain,
2006; Oakhill & Cain, 2011; van den Broek, 2012). The amount of knowledge activated,
maintained, and integrated into the situatianadel whilst reading muste constrained

in some waylnhibitory control ha been implicated in the management of knowledge
during the inferential process.§.Barnes, Faulkner, Wilkinson, & Dennis, 2004; Cain,
2006; Gernsbacher, 1993; Harnishfeger, 1995).

Research suggests that for comprehension to be successful, irreleyaoharadictory

knowledge must be suppressed in the early stages of the inferential process (Cain, 2006;
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Harnishfeger, 1995). This creates a more manageable workspace, such that processing
costs are reduced as only the most relevant information is prddesgeBorella& de
Ribaupierre, 2014DeBeni & Palladino, 2000; Gernsbach& Faust, 1991 The role of
inhibitory control in the inference generation process is-ea&fblished. For instance,
inhibitory control has been implicated in rewabrld infererte generation across the
lifespan Cain, 206; Barnes et al2004; DeBeni & Palladino, 2000; Gernsbacher, 3993
Similarly, poor comprehenders have been found to display difficulties inhibiting
information, such that they displayed significantly moreusibn errors than good
comprehenders (Caretti et al., 2006)RZHYHU WR WKLV UHWeitDbri¢FKHU
study has explored agelated changes in the role of inhibitory control in +wafld
inference generatioduring the Secondary School years

Inhibitory control has been found to develop throughout adolescence, with development
plateauing between around-1% years of age (see Romine and Reynolds, 200a
review). Developments in success in inhibiting irrelevant or contradictory information
anddevelopments in speed of inhibition have been obseBjedk{und & Harnishfeger,
1990;Romine & Reynolds, 2005; Tamm, Menon, & Reiss, 2088)the CYP ages, the
amount of knowledge they are able to readily access whilst readsgeen found to
increase(e.g. Barnes et al., 19965tronger and more efficient inhibitory mechanisms
may thus be needed to maintain a clear worksgaeeelopments in inhibitory control
may thus underpin developments in inference generation skill and inference generatio
efficiency during adolescencdxploration of the potentially changing relationship
between inhibitory control and knowledge may be fruitful in explaining the inference

generation process duriglolescence

The role of inhibitory control in counterfactworld inference generation may be
mediated by belief biaseA. belief bias is a preference to process information in ways
that match bliefs rather than logicti.e. attend to, process and retrieve realrld
information more readilyhan atypical infomation (e.g.Torrens,1999).The process of
initial suppression of knowledge when reading is thought to be guided by belief, biases
as suchmuch of the contradictory and irrelevant knowledge, which is automatically
activated due to associative knowledgetivation mechanisms, is suppressgdg.
Graesser et al., 1998 hisfrees up working memory capacity resulting in more efficient
inference generationHowever, whenprocessingcounterfactualvorld information,

belief biases have been found to hindercpssing, resulting in errors and less efficient

processingn both adults and children (Houde & Guichart, 20@&ykovits & Schroyens,
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2007;Moutier, PlagneiCayeux, Melot, & Houde, 200®Richards & Sanderson, 1999
There is a growing body of researchogling that counterfactualorld information
processed in a counterfactwabrld context is not treated as contradictdrgweverti.e.
belief biases are overconfe.g. Nieuwland, 2012; 2013; 2015, Nieuwland & Berkum,
2006; Nieuwland & Martin, 2012 his accommodation is only observed after an initial
delay in which the counterfactuadorld is set up, suggesting that belief biases may be
operating in the initial stages of text processing.

Whilst inhibitory control may at first be guided by belief l@gsresearch suggests that in
the later stages of processingibitory controlmay beessential to overcoming the effects

of belief biasessuch that, through correlations, training and brain imaging studies,
Moutier and colleagues have highlighted a pesirelationship between inhibitory
control and ability to overcome belief biasé®(de, Zago, Crivello, Moutier, Pineau,
Mazoyer, & TzourieMazoyer,2001; Houde & Moutier, 1996:999. Developments in
inhibitory control duringadolescencenay thus suppt suppression of belief biases and
ultimately successful counterfactuabrld processing(Frank, 1996; 1997 The
developingrelationship between inhibitory control, belief biases and the processing of
counterfactualvorld information may not be as simpds the studies above suggest,
however.Mitchell, Robinson, Isaacs ardye (1996)suggest that there is a shift in the

way belief biases are applied between 9 years and adulthood.

Mitchell et al.(1996) explored the false belief abilities of a grou gkar olds9 year

olds and adults. Participants heard a story in which a character was given a true or a false
PHVVDJH WKDW ZDV FRQVLVWHQWingéxpérRernc® WitdHall & R W K
al. found that whereas children based character judgments on what the character had
previously experienced, regardless of the truthfulness of the information in the message,
adults based character judgements on the truthfulness of the information. Adugts thou
characters would believe the message if it was true even if this was not consistent with
W KH F KD U Drig\Wwiddridin¢esd Mitsheéll let aluggest that the difference is due to a
gualitative shift in the way information violating reabrld beliefsis processed, such that
FKLOGUHQ ULJHIBIOQ IDIS\E @ H QilpHhé IckkadacteXmukt $ee an event to
believe it and any other form of contradictory evidence is not believed even if the reader
knows the real state of events. Converselyltacare argued to adopt a more complex
processing strategy, drawing upon their existing previous knowledge to consider those
factors that may lead one to accept another's message. This leaves adwisimeoable

to belief biasesThis would explain theossible conceptual shift in counterfactuadrid
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inference generation discussed in Section 1Ru2ther exploration of the developing
relationship between inhibitory control, belief biases and counterfastudd inference

generations warranted

1.4. Inference Generation and Literacy Skills
In Secondary School classroemformation is presented in various ways, many of which
require the CYP taead and understand texte.g. textbooks, worksheets, websites
Similarly, even if a CYP has acquired thecessary knowledge, if they are unable to
produce a coherent text they may struggle to achievesdaied expectations as typically,
CYP are assessed via a written exam or written coursework. Learning and assessment
across the curriculum are thus deperiden good reading comprehension and text
production skillsBetween 2010 and 2015, on average, just short of one thw81&j
of CYP failed to make the expected progress between Key Stage 2§)Yaad Key
Stage 4 (Year 11), despite only-11% of CYPnot acheving agerelated expectations
by the end of Year 6D0epartment for Education, 20452015h. This suggests thaj a
many of those who entered Secondary School with |ieoacy skills did not close the
attainment gap and thus continued to struglgfeudhout their school careers, anyl b
some CYP who were developing typically during Primary Sclfaitdd to progress as
expected during Secondary School. Without appropriate identification and intervention,
literacy difficulties have been found to pestinto adulthood (Rapp, van den Broek,
McMaster, Kendeou & Espin, 2007)his next ®ction outlines the role of inference

generation in reading comprehension and text production.

1.41. Inference Generation and Reading Comprehension

Currently the National Curriculum for reading is based on the most prominent model of
reading comprehension developmehe Simple View of Reading (SVRFES, 2006;
Gough, Hoover, & Peterson, 1996; Gough & Turn88d Hoover & Gough1990;Rose,

2009. The SVR suggests that reading comprehension is underpinned by two key
components: decoding and linguistic comprehension. Decoding refers to the automatic
recognition of a word and its semantic meaningguistic comprehensiorefers to those
language skit associated with the compmsision of oral sentencesi.e. inference
generation, identification of text structure, meaning of propositions, and overall gist
Profident reading comprehensiatcurs as decoding skills become fully automatized
and fluent,meaning resources can be freed up to allow for the operation of linguistic

comprehension skills (&tional ReadingPanel| 2000; Perfetti, 1998; Samuels & Flor,
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1997; SpeaSwerling & Sternberg, 1994 onsistent with thishie predictive utility of
the twocomponents is not equal and fluctuates with agg$torch & Whitehurst, 2002).
The role of decoding is found to decline aftet®ears whereas the role of linguistic
comprehesion is found to increase (e.ddlof, Catts,& Lee, 2010;Catts, Hogan, &
Adlof, 2005; Chen & Vellutino, 199 Kershaw & Schatschneider, 2012

The SVR was originally proposed to explore individual differences in reading
comprehension, not reading comprehension development. Whilst the two key
components of the SVR has been fdua explain variance in reading comprehension
abilities in populationsged up to 18 years and over (Savage & Wolforth, RElayd
Meisinger, Gregg, & Keith(2012) highlight a lack of research exploring the
developmental trajectory of decoding and lirsfje comprehension abilities across the
lifespan. Specifically, further research exploring the development of linguistic
comprehension skills during the Secondary School years is needed as a) reading
comprehension continues to improve even after decoskiily are automatic and b)
Secondary School is the point when thielsgnerorderskills appear to play a central role

in reading comprehensioiesearbers thus highlighthe need for a comprehensive
model of reading comprehension development that explibre role and development of
those skills central to mental model constructiGagsidy, Valadez, Garrett, & Barrera,
201Q Pike, Barnes, & Barron2010).

Zwaan and Singer (2008)atethat DOPRVW HYHU\ IDFHW RI FRPSUHKH
L Q I H U HXvéah 8n@ Singer, 2008p. 10Q. Inference generation also lies at the heart

of the most prominent skilled models of comprehensiod has been implicated in
reading comprehension success across the lifggpgrCain, Oakhill & Byrant, 2004;

Dewitz, Carr & Patberg 198Kintsch, 1998 McGee & Johnson, 200Zwaan, 2003
Inferential abilities have also been found to play an indirectréles text comprehension
processmediating the role of other skillBor instancea relationship halseen observed
between vocabulary and inference skill (Cain, 20D&in, Oakhill,& Lemmon,2004).

Whilst vocabulary is initially a significant predictor of reading comprehension, with age,
this relationship becomes reciprocal (Verhoeven & van LeeR@@8). This is thought

to be due to shifts in the mechanism of vocabulary acquisition, such that older readers are
able b use the context surrounding anknown word tanfer meaning (e.gPretorius,

2000). Subsequently, limited vocabulary does not alwaypair comprehension
(Freebody & Anderson, 1983; Wittrock, Marks, & Doctorow, 1978)is is supported

by Nash and Snowling (2008)ho found that vocabulary could be improved by teaching
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CYP to infer meaning from the contexthis led to greater gains icomprehension,

comparedo a control group who were onigught the meaning of target words.

The importanceof inference generation in classroom comprehension is also likely to
increase as the CYP moves from Primary to Secondary School. As the CYRsgesgre
through the school systethere is a shift from learniatp-read to readingo-learn Chall

1996; Snow, Scarborough, & Burns, 19%hd from adultled learning to pupiled
learning Baker, Gertsen, & Scanlon, 200ZThis increases the importance gdod
reading comprehension skills, and specifically inference generation abilities, for several
reasons. fe textbased materials CYP are presented with become longer and more
challenging and complex with regards to vocabulary and syntactic strutieseng the
reader is expected to infer the meanings of new words using the surrounding context.
(Shanahan & Shanahan, 2008, 2012 addition, texts become less literal, with meaning
more implicit AQA, 2013; Department for Education, 201Subsequently, as a CYP
progresses from Primary to Secondary Schtbel)evel ofinferentialprocessing required

increasesThis is mirrored by the reading comprehension assessment tools used

Whereasnanyreading comprehension assessments for Priiahgl-aged CYP focus

on explicit understanding and literal retrievalanyreading comprehension assessments

for SecondanBchootaged CYP focus on implicit understanding and inference
generabn. For instance, Leach et §003) found that poor comprehensigerformed

well on standardised measures of reading comprehension ygads9However, by 11

12 years the performance of poor comprehenders on the same standardised task had
significantly decreased, dropping 53 percentile poioitsaveragel.each et alused the
Peabody Individual Achievement TésRevised(PIAT-R; Dunn & Dunn, 199Y. The

items increase with difficulty, such that the early questions designed to assess the abilities
of children aged unde®-10 years focus on basic reading skills such estesice
comprehension and literal thinking. However, the later questions designed to assess the
abllities of CYP over 910 years focus on higharder reading skills such as knowledge
integration and inference generation. The same distinction also exitis UK school

system.

To achieve a Level 4 (expected level) on the Key Stage 2 Reading Comprehension SATs
paper (in 2013) 19 pointswst be achieved8% (13 points) of these points can be
obtained using lital comprehension skillsi.e. identifying rdevant information in the

text. The remaining 6 points can come from the other foessassent focusessee Figure
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1.3 The GCSE English Language tests used at the end of Secondary School combine
both exams and coursework, and reading and writing. Therefte exact number of
comprehension marks needed for a GCSE grade C (expected level) cannot be determined.
However, the assessment objectives on the 2013 AQA English Languagetimuada
presented in Figure 1.Zaken together with the exate markingscheme in Figure 1.4

it evident that for reading comprehension, the emphasis is on implicit understanding thus
requiring inference generatiohaken togetherhere exista clear shift from Primary to
Secondary School in the assessment of reading comprehension proficiency, stioh that
focus goes fronliteral comprehension and explicit identification ftdl and implicit

understanding.

Assessment Focuses

B IIIIII

Adaptedfrom Key Stage 2 EnglisB013 Marking Scheme: ReadingWolf Pack (Department of Education, 2013).
Figure 1.3. tKey Stage 2 Reading Assessment Focuses

Assessment Objectives
AO1 AO2

Definition

Example Marking Scheme

Band 1 —‘limited’ * Band 2 — ‘some’ ‘attempts’ Band 3 —clear’ ‘relevant’

Definition
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Adaptedfrom AQA English Language June 2013 Marking SchéA®A, 2013).
Figure 1.4. +GCSE (Key Stage 4) Assessment Objestand Example Marking scheme

It is unsurprising then that inference generation abilities have been found to account for
unique variance in the reading comprehension abilities of Secondary School aged CYP.
Barth, Barnes, Francis, Vaughn aiork (2015) found that inferential skill was a
predictor of reading comprehension in both adequate and struggling adolescents aged 11
18 years, accounting for%2% of unique varianceCromley, SnydeHogan, & Luciw
Dubas(2010)found that inference generation accourftagca much larger 19.1% unique
variance in the reading comprehension skill of1B4ear oldsHowever, rather than
exploring agerelated changes in theleoof inference generation, thestedies controlled

for age. As a result, it is unclear how the rofeinference generation in the reading
comprehension process changes with Bgploration of thegpotentially changingole of
inference generation abilities in the reading comprehension process ddal@gcence

is thus warranted

1.42. Inference Geneation and Text Production

A literate individual is characterised by both the ability tolenstand and produce text
(e.g.Bain, 2006 Hand, Wallace, & Yang, 2004Proficient written text production is a
complex task. First an idea is generated (e.g. Bl&eElower, 1986). This idea is then
elaborated on via the activation of reabrld knowledge (e.g. Baker, Gersten, & Graham,
2003; Harris, Graham, & Mason, 2006). The words to represent this idea must then be
retrieved from the mental lexicon, ordereccteate a syntactically correct sentence, the
orthographic representation of the necessary words must be retrieved, and finally, the
motor skills needed to produce these representations must be planned and executed
(Torrance & Galbraith, 2006). To be cohatethe production of any one sentence must

be easily associable to any previous senteaee ideas must be organised in a way that

is both locally and globally coherent. Therefore, the writer must have in mind the
sentences they have produced, the eser@ they are producing, and their intended
message and structure for the completed texd. a mental model must be constructed

and maintained (Torrance & Galbraith, 2006). As new ideas are added the coherence and
structure of the text is continually d@ted and monitored as the writer pauses and revises
(e.g. Chenoweth & Hayes, 2001; Hayes, 2012; Hayes & Chenoweth, 2006). Similar to
reading comprehension, the construction of a mental model thus appears essential to

successful text production. It is suging, then, that the role of inference generation
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abilities in the text production process is scarcely explored expli€iynsequently,
inference generation is not a prominent feature of the Simple View of W(&vyV),
the most influential and widelgited model of text production developmédiel,1988.

The SVW suggests that proficient writing results from the automatization ofidéoel
transcription skills and increasing working memory capacity. This allows for the
execution of higheltevel oral language skills (McCutchen, Covill, Hoyne, & Mildes,
1994). Althaugh the SVW has received much support, it is primarily focused on the early
stages of tedproduction development (e @onnelly, Dockrell, & Barnett, 2005; Kellog,
1999; McCutchen, 1996; Ransd&llLevy, 1996). Research exploring text production in
adolesent and adult writers finds that even after the automatization of these skills, text
quality continues to improve, with even proficient writers often finding the task of
producing text very effortful (Scardamalia & Bereiter, 1991; Zimmerman & Martinez
Pors, 1990). The predictive utility of the SVW has thus been found to decline with age
(Babayigit & Stainthorp, 2010; 2011; Swanson & Berninger, 1996). Developments in text
production quality during adolescence thus appear to be driven by skills and ioteracti
not accounted for by the SVW.

%XLOGLQJ RQ % HUHLWHU DQG 6FDUGDPDOLDYV PR
proposes three distindevelopmentadtages of writingl) knowledgetelling (5-9 years)

2) knowledgestructuring(10-13 years) ard 3) knowledgetransforming(13 years and

over). In the knowledgeelling stagethe writer produces a series of statements about a
paricular topic. This proces®lies on longterm memory and transcription skills. There

is no consideration of the readerthis stage. During the knowledg&ucturing stage
writers not only produce a series of statements about a particularthayiglaborate on

these, such that situational model is constructed. However, the reader is not thought to
be considered. Fitlg, in the knowledgdransforming stage, writing is constructed to
PHHW WKH UH Déaing vdfieréneeHi& YentralStage 1 shows very little
organisation or adaptation of knowledge, it is a random recall of ideas, by Stage 2 these
ideas have been geinised, and by Stage 3, these ideas have been elaborated on an
integrated with other knowledgé&he transition between the three stagesflects a
growing need for coherence and integration of ideas. The development of these stages
thus reflects the gromg role of inference generation abilities. As with text
comprehension, inference generation may not take a pivotal role in text production until
those loweilevel skills (transcription, spellingare proficient.This model is supported

by research explong individual differences and developmental changes in text
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production such that wh age, text production has been found to become more coherent
with lower quality texts having less coherer(@rman & Slobin, 1994Cain, 2003;
Cragg & Nation, 2006ayd, 1991;Chanquoy, Foulin& Fayol, 1990;Stein & Trabasso,
1981) and contain more ided&efys, 1999; MacArthur, 2012Vigglesworth, 1997).

The role of inference generation in the development of text produappearskey.
However, what is not clear is ah drives this development. Specifically, is text
production initially constrained by limited inference generation skills or fewer available
resources as resources aftcated to lowetevel skills? Exploration of the role of
inference generation in théxt productionand reading comprehensioprocess,
particularly duringthe Secondary School Yearmay prove fruitful in furthering

understanding of literacy development during what, for some, is a critical time.

1.5 Summary of Research

Governmenstatistics suggest that around one third of CYP are not making the literacy
progress epected during Secondary Schodlhilst a variety of skills are implicated in
mental model construction, inference generation appears to be at thé&kesearch
exploring reading comprehensi@uggests that the importance of inference generation
increases between Primary and Secondary ScBamilarly, Hayesimodel of witing
development suggests arcreasing need for coherence and subsequent requirement for
inference gneration.Whilst inference generation has been found to be a predictor of
literacy skills during the Secondary School yearslevelopmental approach hasely

been takenMany studies explore only one or two age groups, typically an adult and/or
child group. Moreover, the methodology used to explore CYP and adults can differ,
meaning it is unclear if differencedbservedoetween the age groups are due to- age
related changes or methodological discrepancies. Consequeahglated changes in

the role ofinference generatiomluring adolescencéave not been fully explored.
Additionally, CYP are presented with a variety of different texts from multiple sources
and genres. Therefore, to fully comprehend all of the texts they@&dmust also be

able to @nerate counterfactualorld inferences.However, existing researcls
conflicting - this could be due to the lack of consistency in the stimuli used to assess
adults and CYP or a conceptual shiftaounterfactualvorld inference generatiomt
present dull and comprehensive model of inference generationpaddrpinning skills,
during adolescencegoes not exist. The studies reported in this thisis exploreage

related changes irealworld and counterfactuatorld inference generation abilities
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during adolescencéo inform educational practice durinigis time Part 2 of this thesis
goes on to identifameasure suitable for the assessment of inference generatibesab

throudhout adolescence in orderitvestigatehe following research questions:

1. How does the role of inference generation in higireler literacy skills change
during adolescen€e

2. How do inference generation abilities chadgeing adolescenée
How do the cogmive underpinnings of successful inference generation change

during adolescen€e
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Part 2: The Selection, Development and
Evaluation of a New Inference Generation Task
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CHAPTER 2 THE ASSESSMENT OF INFERENCE GENERATION:
SELECTING AN APPROPRIATE TASK

2.1. Introduction

The study of inference generation has driven the development of a variety of research
tools. However, researchers explore inference generation from different theoretical
persgctives and with different aimSince different theoreticasaumptions often result

in different assessment methodlse range ofreading comprehension andference
generation tasks that exist are not interchangeable, such that they vary in their conceptual
underpinnings, format, and related task dem#@asver,1992; Cutting& Scarborough,

2006; Keenan & Betjemanr200§ Keenan Betjemann, & Olson2008; Nation &
Snowling, 1997 6 DEDWLQL $OEUR ). 2UbSdquedti® \they do not
necessarily assess the samdarlying skills and processes atependingn the research

aim, each task has both strengths and weakné&gsestion of the most suitable task must

be guided by consideration of these strengths and weaknesses and the specific research
aims. For this thesisa new taskwas developed by combining selfpaced reading
methodology with a forcedhoice pictureselection task.This Chapter begins by
highlighting somekey methodological consideratignthe assumptions underpinning

each task and rationale for selectionthen discussed.

2.2. The Assessment of RedVorld and Counterfactual-World Inference
Generation Abilities during Adolescence:
Key methodological issues and considerations

This research aimgo explore the development oféalworld and counterfactuatorld
inferential aliities duringadolescencdt is essential that the task(s) selected is able to

assess

f arange of age groups

f bothinferential skillandtime-course

f the realworld interference thought to bexperiencedwhen generating
counterfactualvorld inferences

2.2.1. Assessment of a Range of Age Groups

Research shows that, due to differences in tasks demands, even the same group of
participants can perform differently on two tasks designed to assess the same skill (Boot,
Becic, & Kramer, 2009; Burkart & Ruet013; Hinze, Bunting & Pellegrino, 2009).

Manyof these additionahsk demands are associated with skilksitiiht to improve with
62



age (e.gworking memory; Hulme & Tordoff, 198839Subsequently, younger age groups

may display weaker performance than ol@ge groups; this may be reflective of
differences in working memory, for example, though, and not the key skill being assessed.
The tasks used in developmental studies need to be carefully considered to ensure they
target the intended age group. Howewiller (1998) argues that the use of different
tasks for each age group may result in a problem of measurement equivalence, such that
the tasks used may not be comparable. M{l€98) argues that to compare particular

skills in different age groups, one task should be desitii@dan adequately tap into the
intended behaviour of all of the age groups being studit@dthesis thus aims to use the

samemethodology ¢timuli and taskfor all age groups.

2.2.2. Assessing Botimferential Skill and Time-Course

Inference generation failure is thought to be one of the mairsesawf poor
comprehension (e.gcain Oakhill, Barnes, & Bryant2001; Cain, Oakhill, & Elbro,
2003 Perfetti, Maron, & Foltz, 1996. Theaefore, theassessment of the inferential
product(i.e. skill) is essential. Comprehension is also thought to be impaired if a reader
IS unable to generate the inferences needed to maintain cohewéiist reading
(Graesser et al1994). Similarly, readers may be employing faulty inference generation
strategies Assessment of the unfolding inferentjaocess(i.e. time-course)is also
necessarylhe assessment of both the inferential productiamelcoursenot onlyallows

for quantitative changes in inferential skill to be observed, but also any qualitative
changes in the underlying process to be detected. This is particularly important when
exploring counterfactualorld inference generation abilities given thesearch suggés

that adults andCYP engagein a qualitatively different procesBgwyer-Crane &
Snowling, 2010; Graesser et al., 1998)

In addition to assessing boihferential skill and timecourse it is important that the
measure used taps the natural readingge® (as much as possjbResearch shows that

if the text is too difficult and/or presented rapidly, comprehension suffers as participants
process the text at a surfaca propositionalevel only, with inconsistencies not being
detectedRoyer, 2001)Given that most inferences are thoughb&generated at the
situationailevel, this could lead to inaccurate conclusions regarding inference generation
abilities being made. Remech also shows the#ading goal can influence comprehension,
such thatf the reader is not reading with a gaélcomprehension, a situatioralel

representation is unlikely to be construc{&tndeou, BohrGettler, & Fulton, 2011;
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Linderholm & van den Broek, 200Narvaez, van den Broel Ruiz, 1999;van den
Broek, Lorch, linderholm, & Gustafson, 2001Gordon, Hendrick androster (2000)

have shown thaask demands can affect reading goals, suchptiréitipants adopt the
simplest strategy available them to complete a taski.e. simply remembering the
words in the critical texfcreating a surfackevel model)instead of comprehending the
critical text (creating a situationdével model) Similarly, task instructions haveeen

found to affect the level otomprehension. When miag naturally, elaborative
inferences are not drawn whilst reading (Graesser et al.,, 1994). However, when
participants are instructed to predict what will happen next, elaborative inferences are
found to be drawn online (Calvo et al., 2006)sum,it is fundamentathat the text, task

and instructions used promote atural reading process, whereby construction of a

situationaflevel represemttion of the text is promoted

2.2.3. CounterfactuaWorld Inference Generation: Assessing the Interference
Experienced due tdahe Activation of RealWorld Knowledge.

When generating counterfactuabrld inferences the activation of related but
contradictory reaivorld information is thought to result in interferen@eg. Ferguson,
2012) Resolving this interfera@e is thought to be cognitively demanding, meaning
counterfactualvorld inference generation is often found to be more difficult than real
world inference generation (efgerguson & Sanford, 2008 uring adolescence there is
thought to be a qualitativenst in the processing of counterfactwabrld information
(BowyerCrane & Snowling, 2010; Graesser et al., 1998; Rafetseder et al., 2010; 2013).
This shift may be due to, at least in part, changes in thewadd interference
experienced when generatimgpunterfactualvorld inferences Therefore, exploring
developmental differences in the interference faced is likeydanderstanding of the
counterfactualvorld inferential process and potential causes of inference generation

failure.
2.3 Selectinga Task

Inference generation tools can be roughly split into two categories: 1) online measures
used to assess the unfolding inference generation process and 2) memory megsares

to assess the situational model created @®ductof the inferencegeneration process.

This division means that whilst one task may be suitable for the assessment of the
inferential time-course this same task is unlikely to be suitable for the assessment of

inferential skill and vice versalherefore, ® meet thaask lectioncriteria set out in
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this thesisatleast two tasks were need@dself-paced reading task waslected to assess
the inferentialtime-courseof inferenceevoking critical sentenceand a forceethoice

pictureselection task was selected to asgafgsential skill
2.3.1.Using a SeltPaced Reading Task® Assess the Inferentialime-Course

A self-paced reading task (SPRT) is a processing load meda3tirer processing load
measures include moving window tasks, measurements of eye movements and neuro
imaging methodsProcessing load measures provide information about the cognitive
costs associated with processing a particular piece of text (Zwanrg&rSi03). These
tasks are underpinned by the assumption that information which is more cognitively
taxing takes longer to process (Donders, 1968¢ format of these tasksvsry simple,

with participantgeadng through a text at their own pace. Uscmmputer software, the

time taken to read and/or study the text is then recordémhg with additional
measurements depending on specific meth¥dsen exploring inference generation,
research has shown that even if two sentences are equal with regaytlatile length

(see Table 2.}, if one sentence requires an inference for coherence to be maintained and
the other does not, the sentence requiring an inferenceestllt in greater processing
costs te.g longer reading speeds, increased neurortaladion (Casteel, 1993; Poynor

& Morris, 2003 Virtue et al., 20062009. This effect is thought to be due to the increased
cognitive effort needed to generate an inferenckcaherently integrate the text into a

situational model.

Table 2.1 Sampé Stimuli used in Processing Load Measures

In a SPRT, the researcher splits the passage into readable segments, using natural
breaking points in the texBegments are presented to the reader one at a time, with
participants pressing a button to move tigtothe textat their own speed.he SPRT is
thereforeable to provide a measure of processing costs associated with specific phrases

and sentences. However, it is not as sensititbedlgloving Window Task MWT) and
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measurement of eye movementsie MWT works by presenting text on a computer
screenwith only one word visible at any time. All other words are replaced with symbols
or dashesThe reader is able to move through the passage by pressing a button, such that

once the participant has read a wdtin@y press a button that then replaces the current

word with symbols/dashes and reveals the next waydexample:

Eye movement data shaotlvat words are rarely read in sucBraooth onéyy-one, left

to-right manner(Reichle, Rayner, & Pollatsek, 2003Jherefore Witzel, Witzel, and

Forster (2012) argue thMMWTs do not promote a natural iiag process. Moreover,
Zwaan andsinger (2003) suggest that participant's button psesan become rhythmic,

failing to reflect underlying processinGomparedwith a MWT, a SPRTmore closely

mirrors the natural reading process. Moreover, since the segments of text presented to the
reader can vary in length, the likelihood of participants engaging in rhythmic button

pressing is minimised.

When eyetracking is usedthe text is presented on the screen, with small cameras used
WR PRQLWRU WKH SDUWLFLSDQWYfV H\H PRYHPHQWYV D
is not required to press any buttons to read through the texte@adly, the data
obtained donot include any additional processing costs associated with the motor
responses needed to press a button and/or the effort associated with switching between
reading and pressing a butt&ye trackirg methodologies are, therefotiepught to result

in a purer measge of the processing costs associated with the natural reading process than
theMWT and SPRTEye-tracking methodologies astsoable to provide much more-in

depth detail, exploring fixations, saccades, and regresssoren the time constraints of

this PhD,it was thought thathe use of an eye trackewould be too labour intensive in

terms of the amount of data generatédwever Brain-imaging methods were not
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selected for the same readdfortunatelyZwaan andinger (2003) suggest that in many
cases the SPRT produces data precise enough for the assessment of many skills and
processes of interest wherploring inference generatioAs such reading speeds have

been used to assess the inferential tomerse in previous researahd. Casteel, 193).

As discussed below, compared to other online measures, the SPRT is alsdatikr to

fulfil the task selectiomriteria outlined athe start of this Chapter

Other online measures include activation measures and infornwtigant measures.
Activation measuressuch as the lexical decision task, naming task and probe recognition
task, DUH XVHG WR DVVHVV WKH UHDGHU §peciKa@llyRtBeG L Q J |
level of activation of a particular idea or concépivaan & Singer, 2003)Typically,
participants read a sentence followed by a critical word that participants must make some
form of decision aboutinformationcontent measures are used to provide detailed
information about the skills and processes a participant is using whéingea text
(Zwaan & Singer, 2003). Perhaps the most commonly used inforr@aiment measure

is the thinkaloud task. Thinkaloud tasks require participants to verbalise their thought
process and understanding as thead a textWhen assessing a rangeage groupshe

SPRT issuperior to informatioitontent measuresuch thatSPRTs simply require
participants to read a teg@waan & Singer, 2003)Therefore, as long as the texts used

are age appropriat§PRTs are suitable for the assessmentafarge of age groups.
Conversely, wilst training is given, performance on thialoud tasks is heavily
dependent on expressive language abilities. Since expressive language aipilitaly t
improve with age (e.gBerninger & Abbott, 2010), any differencebserved between
different age groups could be due to either differences in inference generation abilities or
differences in expressive language skills.

A SPRT is also likely to promote a more natural reading process than activation measures
andinformation-content measure#ctivation measures require participants to respond

to a critical test itemafter reading the textTherefore, it is unclear if the processing
assessed reflects the processing taking place whilst reading or at the time of test.
Moreover,Gordonet al.,(2000) have shown that when probe recognition tasks are used
participants simply remembpossible probe wordprocessg the text at a surfaeevel

2 Additionally, brainimaging techniques require participants tmaén still, given that the inference
generation task designed for this thesis took around 30 minutes, it was felt that younger participants may
struggle to remain still for this amount of time.
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only. Whilst informatiorcontent measures are categedigs an online measuyaan
andSinger (2003) suggest that many of the inferences participants report to be generating
as part of the thinlaloud task, may not be generated when reading normally. Instead,
some of the inferences generated may be the result of strategic prgpgessinoted by

task instructionsThe SPRT, however, does not requare explicit responséom the
participant and masures are takewhilst the participant is reading, not after.
Consequently, the natural reading process islisotipted Sincea SPRTcawses minimal
disruption to the natural reading processlike activation measures and information
content measures, valid measure of the level of reabrld interference a participant
faces whilst realing naturally can be obtain¢e.g.Ferguson 2012; Fguson & Sanford,
2008; Fergusoet al.,2008).In sum, the SPRT is able to assess a range of age groups,
with minimal disruption to the natural reading process. In addition, a measure of

interference whilst reading can be obtained.

2.3.2.Using a ForcedChoice PictureSelectionTaskto Assess the Inferential Product

Forcedchoice pictureselection tasks (FCPST) present participants with a critical
sentence fdbwed by a grid displaying twor more picturestone of which dpicts the

target(see Figure.l). Participants select the picture that best matches the preceding text.

Critical Text

target filler

|

filler filler

—_—

Figure 2.1 Schematic Representation of the For€dtbice PictureSelection Task

A FCPSTis atype of multiplechoice taskwhich is aforcedchoice memory measure.
Other commonly usefibrcedchoice memory measuregludethe £ntence recognition
task (SRT) andentence verification task (SY.Tn the SRT participants have to decide
if the test sentence appeared in the prieceekxt or not. In the SVT participants have to

decide if, based on the preceding passage, the test sentence is true or false. If the correct
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inference has been drawn participants are predicted to falsely recognise the test sentence
on the SRT, but corrdg validate or select the test sentence on the SVTnaultple-
choice taskNICT), respectively.

A FCPSTis more suitable for the assesent of the inferential produtitan any other
forcedchoice memory measure feeverareasons. Firstesearch suggesthatthe SRT

may encourage surfatevel processingsuch that participants can successfully complete
the task without creating a situational level mo@&brdon et al., 2000 Secondwhen
usingthe SVT, interference is thought to be present if theigpant fails to validate the
counterfactualvorld target and instead incorrectly validates the-weald alternative or

LI WKH SDUWLFLSDQWTV uhidrid 363 arel SorMatR b Rign@id&initdy) | D F V
slower than responses to reabrld items However, the SVT requisgarticipants to not

only generate an inference but validate this inferetote Research suggestisat
inference validation may not be a part of the inferential process when reading
counterfactualvorld texts naturallyas thisvould interfere with thie engagement of the

text (e.g.Gillbert, 1991; Gillber et al.,1990; Green & Brock, 200(Rader & Sloutsky,
2002).The need to validate inferen¢éisen,may confound results and lead to the amount

of interference experienced being over estimated.

As discussed ibection 1.2.1theories of counterfactuavorld processinguggest that,

at least initially, both counterfactualorld and reaworld information is mentally
represented (e.dg-erguson, 2012). The reaforld knowledge and the counterfactual
world information are thus thought to be in direct competition when comprehending
counterfactualvorld texts.TheSVT and SRTonly allow for the assessmentafe piece

of information at a time. Therefore, if an error is made on the SVT or SRT or response
times are slower in counterfactuabrld conditions than reatorld conditions, it can

only be saigdwith confidence, that the correct inference has not besemrdor in the case

of correct but slow response times, the inference has not been drawn Dhigheould

be due to realorld interference, but also faulty inference generation processeajor
advantage of employingMCT, therefore, is the abilityptsimultaneously present szal

ideas per test itenzi.e. both the counterfactuaborld target and reakorld alternative
FDQ EH SODFHG LQ GLUHFW FRPSHWLWLRQ MXVW DV
If the participantoutinely selects theealworld alternative instead of the counterfactual
world target, or correctly selects the counterfactaild target but significantly slower

than they select the correct target in+walld conditionsjt can be saigwith much more

confidence, thathese patterns are due to the increased cognitive effort associated with
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resolving the conflicexperienced due tealworld interferencelHowever, as highlighted

by Cain andOakhill (200&) even though verbal responses are not required, since
multiple ogions have to be processed and compared, the processing demands associated
with a MCT are much higher than those associated with other fotmade memory
measuresAs discussed in the next sectitime use of pictures minimises these demands,
meaninga FCPST is superior to othererbal forcedchoice memory measures as
processing demands are redudesidiscussed below, compared to otbifline measures,
theFCPSTis alsobetterable to fulfil thetask selectiomriteria outlined athe start of this

Chagper.

2.3.3 Assessing a Range of Age Groupgeducing Output Demands Via the Use of
Pictures

Spoorer, Baddeley andGathercole (2004) found that children's comprehension
performance was significantly better when measured using faloade responses as
opposed taconstructive memory measuresich asselfconstructed answers to open
ended questits. Spooner et a2004)suggesthat whenconstructivememory measures
are used, poor comprehension performance may not always be attributable to poor
comprehension abilities. Poor performance may instead be due to the difficulties
associated with consitting an answer. Spooner et atoncluded that since
comprehension is an input process (i.e. construction of a mental model), the measure used
to assess these processes shoodanake heavy output demandbeTability to deal with
heavy output demands is likely to increase with agetaimproving working memory
(e.g.Conklin, Luciana, Hooper, & Yarger, 2007) and expressive language skiis (
Berninger & Abbott, 2010\When completing tasks that place heavy output demands on
participants,lte comprehension performance of youngeideéil isthuslikely to be more
confounded than the performance of older children and a@flak&s that minimise output
demandshouldthusbe used to assess inference generation in a range of age g®ups.
discussed in this subsection, a pictorial respanethod places fewer output demands on

participantghan verbal response methods

A large body of research exists exploring the processing differences of words and pictures,
with several theories being proposed. Typically, these theories fall into amsc&ome
suggest that pictures and worale processed differently (e @laser & Glaser, 1989).
Others argue that pictures and words are processed similarly, both having access to one
unified semantic system (e.g. Kiefer & Pulvermuller, 2011). Despésettiheoretical

differences (a full discussion of which is beyond the scope of this thesis), research
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consistently ihds superior performance (efgstr response times, fewer errors) when
pictorial, as opposed teerbal stimuli, are usedi.e. a picturesuperiority effect (Hinojosa,
Carretie, Valcarel, MendeBertolo & Pozo, 2009; Schacht & Sommer, 2009).

Pictures are thought to be processed with more ease than words since additional
translational processes are not neededt needs to be decodetle. letters matched to

their sounds and words decipheifedy. Samuels, 1988Similarly, the words must be
matched with theireferentmeanings(e.g. Coltheart, Curtis, Atkins, & Haller, 1993
Pictures though, often allow for certain elements to be represented with relatively
effortless maintenance, meaning wiatkmemory is freed up arwén be used to complete
other tasks (Glenberg & Langston, 1992). Since decoding ability, referent search ability,
and workingmemory capacity are dthund to improve with age (e.Gonklin et al. 2007,
Luciana, Coklin, Hooper, & Yarger, 2005it follows that children show superior
performance when processingtores compared to words (eRafetseder et al., 2013;
Wright & Berch, 1992). Developmental studies find that, regardless of task, the
magnitude of the pictursuperiority effectdeclineswith age (RosinksiPellegrino, &
Siegel,1977; McGonigle and Chalmerk984).This suggestshat when words are used,

any difference observed between different age groups could be due to developmental
differences in processes associated with the additional skills needed to translate text to
meaning and not real changes in the skill being assdssednsurprising then that many

hawe used pictorial stimuli, specifically FCPSTs, to assess adults and chiigen
amount and accessibility of knowledge, Barnes et al., 1996; pronoun resolution, Sekerina,
Stromswold, & Hestvik, 2004; vocabulafpunn & Dunn 1997 counterfactuaivorld

reasoning, Rafetseder et al., 2013; inference generation, Ford & Milosky). 2003

Wright andBerch (1992), however, noted some fundamental differences between the
pictures and words commonly used in research. They found that pictures are often larger
than tle words usedTherefore, prceptually pictures may be easier to interpret (Theios

& Amrhein, 1989). Additionally, pictures of items from the same category are typically
more visually similar than items from different categories, whereas words from one
cakegory are no more or less visually similar to words from a different category
(Snodgrass & McCullough, 1986). Therefore, pictures are likely to aid categorisation
more so than words. Similarl$chlochtermeier, Kuchinke, Pehrs, Urton, Kappelh®ff,
Jacobg2013)found thatwhilst a word and picture can contain the same information they
are not necessarily equivalent with regards to the level of detail conuéydhought

that pictures represent more detail regarding position, size, and relationshipstha.
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As auch, when Sdochtermeier et a2013) adapted their text so it was just as detailed

as a picture, they found that the picture superiority effect disappeared.

It appears that pictures aid access to meaning since they provide more detadritegn

which is more easily accessed since additional translational processes are not needed.
Many of the additional skills associated with the processing of verbal information have
been found to impnee with ageThe effect of some of these developmergtaifounds

can be removed by using a literal control. However, unless the literal controls and test
items are lexically identical, which could be potentially very repetitive, some differences
may still exist.Similarly, the confounding effects of decodingutd be removed by
presenting test items orallypwever this could prove problematic when presenting more
than one idea. The participant would need to remember all of the words or ideas presented
to them, increasing the demands placed on gbort memoy. In contrast, the use of
pictures allows for the confounding effects of developmental differences in decoding,
reading speed, associations between terms and referentshamtéerm memory and
working memory capacity to be minimised and in some casepletely eliminated

even when presenting multiple ide&ibsequentlya FCPST idikely to provide a purer
measuref abilitieswhen assessing a range of age graqmspared with other memory

measures

2.3.4 Using a 2*2 ForcedChoice Picture Selectioffask to Promote a Natural
Reading Process

When reading naturally a situational model of the iettought to be created (eQjnger,
1990). Many of the tasks reviewed above promoted the creation of a susface
propostionallevel representatiodue to simplistic response methotisthis thesis, the
term picture refers to an image that depicts not only a single object, but an event, concept
or relationship.Therefore, wnilst the FCPST response method is simple, the correct
picture cannot be selted by simply remembering the preceding words or phrases as there
will be no direct match between the picture and preceding critical text. Instead, the critical

text must be processed at the situatideagl for the correct picture to be selected.

The wse of pictures has been found to aid Y FRQVWUXFWLRQ RI PHQW
text, such that they serve as cues for information likely to be necessary to maintain
coherence (Glenberg & Langston, 1992; Gyselinck & Tardieu, 1999), with this
informaion influencing younger CYP more so than older CiHike et al., 2010). As

discussed above, pictures more directly depict relationships between various elements
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(Gyselinck & Tardieu, 1999) and thus may facilitate the transformation of taxbémtal

model. Moeover, the direct and clear depiction of said relationships is thought to reduce
the load placed on working memory (Marcus, Cooper, & Sweller, 1996) and thus allow
resources to be allocated to higleeder skills such as inference generation if the picture

is unambiguous. Subsequently, some may argue that the use of a pictorial tastoserve
IDFLOLWDWH \RXQJHU FKLOGUHQTYVY PHQWDO PRGHO FR
for text-only comprehension arifmasing the results. However, in the curnesearch, the
picturesare notpresented simultaneously with the critical text. Thegpresented after
reading the textThus whilst the pictures for coherence items, in particular, will depict
the relationships between elements, this picture will a@tiibe to serve as a cue for online
mental model construction as it is preserattdr reading. The use of a pictorial response
method may encourage participants to create more pictorial situational models than they
may have done if a verbal response méthas used. However, situational models are
thought to contain information from a variety of seysaodilities, including vision (e.qg.
Zwaan, 2008

Overall, the use of a FCPST is likely to promote the creation of a situational Méulsk
thesimultaneous presentation of text and pictures has been shown to facilitate situational
model construction, this is unlikely to occur on the FCPST, since pictures are presented
after situational model construction has begun. Subsequently, the FCPSTyiddike
provide a relatively valid assessment of those inferential abilities associated with the

natural reading process.

2.3.5 Using Pictures to Evaluate the Mental Representations Constructed From
Verbal Stimuli

Traditionally situational models were thght to contain only linguistic information (e.g.
Fodor, 1975; Newell & Simon, 1972). Subsequently, the use of pictures, as opposed to
text, to assess a verbal mental representation could be problematic since additional
translational demands would be placedoarticipants. Howeverwaan (2008 proposed

the Immersed Experiencer Framework, which suggests mental models contain
information from a variety of sensory modaliti€chis idea has much support with
reseach finding situational modelgontain informaion from a variety of sensory
modalities (Zwaan, 1996; Zwaan & Taylor, 2006), including vision (Kaup, Yaxley,
Madden, Zwann, & Ludke, 2007; Zwaan & Yaxley, 2003a; 2003b). The inclusion of

visual information in the situational models created by readelsoisapported by studies
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which find that participants often report the use of innpagdren reading (e.drichardson,
1980).

Schnotz andBannert (2003) have created a multimedia model of situational model
construction that focuses on the comprehensioexafal and pictorial stimuli (seddure

2.2). As can be seen from this model, there are two distinct branches, a textual
(descriptive) branch aral pictorial (depictive) branch, with both branches cumulating in
adepictivementalmodel whichcontinuallyinteracts with a propositional representation
DQG LV JXLGHG E\ WKH UHDGHUYVY FRQFHSWXDO RUJDQ
is depictive or descriptive both a propositional representation and depictive mental model
are created, with constannteractions occurring between descriptive and depictive

information.

Figure 22. 6FKQRW] DQG %DQQHUWTV ,QWHJUDWHG
Comprehension
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The banches and pathways in Schnotz &M Q Q HU W TV -dr&oHaD n2ahiig E L
thata picture can be used to create a situational model, and existing situational models
(whether created from an initial text or pictorial input) can be evaluated using pictorial
stimuli. Therefore, the use of a pictorial response method is likely to bélsuita
assessing the situational models constructed whilst reading. This is supported by the
numerous studies that have effectively used pictorial naming and categorisation tasks to
assess the mental representations created frometgxE@rd & Milsoky, 2008; Kaup et

al., 2007).Thoseusing a FCPST to assess inference generation supgesthe FCPST

is an effective measure of in&rce generation abilities (efprd & Milsoky 2003,2008;
Schmidt & Paris, 1978).

For exampleFord andMilosky (2003)used a fouchoice picture response method to
explore inferencgeneration abilities in CYP aged 5 to 6 years. @¥&rd short scenarios
evoking emotional inferencewith the last word missing (e.gwinky was bouncing a

ball. A bully took the ball. Twiky was ). Children were asked to select the facial
expression that completed the scenario febhoice of four pictures (e.gappy, sad,

mad, and surprised), presentesing a 2*2 grid format. Ford arMilosky found that all
children, even thoseithh a language impairment, understood the task and were able to
effectively use the pictorial response method. This suggests that a 2*2 format picture
selection method can be used to assess inference generation abilities, even in young
children wth weak Inguistic abilities. This suggests the FCPS% suitable for the

assessment of inference generation abilities.

2.3.6. Using a 2*2 ForcedChoice PictureSelection Task to Assess Raalorld
Interference

When assessing counterfactwadrld processing usingoastructive memory measurefs, i
incorrect information is recalled or a participant answers a question incorrectly, errors
can be analysed to determine the underlying cause of inference generation failure
specifically, the premnce of reaivorld interferee (e.g. Cain et al., 2001; Cain et al.,
2003;Carlson, Seipel, & McMaste?2014;Norbury & Bishop, 2002). However, the level

of realworld interference present i D U W L Fec@Bu@Qdfibxisimay not be an accurate
reflection of the interference presevttilst engaging with the text. When reading fantasy
and fiction texts, some argue that readers actively suspendsbafdf use the
counterfactualvorld context as dase for all comparisons (e.Bilik, 2008; Filik &
Leuthold, 2008Nieuwland & Van Berkum200§. Subsequently, realorld interference

is minimal. However, when asked a question or asked to recall the text, the reader may
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more consciouslconsider realorld violations Subsequently, when constructing an
answer, the reakorld interference gxerienced may be stronger than when reading a
fantasy or fiction textA FCPST may be a useful tool when assessingwedt
interference, such thassessment is made immediately after reading the critical text and
processes associated with construcanganswer are not needed. Specificallythixthe
counterfactualvorld target and reakorld alternative can be presente@iven that
processing costs are reduced by the use of pictures instead of words, several possibilities
can be presented, allowirgyenfirmer conclusions to be made regarding the cause of
inference generation failurei.e. in addition to the counterfactualorld target and real
world alternative, fillers indicative of,of example, integration failurer literal
processing, aralso induded Error analysis couldhenbe conducted allowing much

firmer conclusions regarding the cause of inference failure to be. made

2.4.Conclusion

A review of existing inference generation tasks revealed that no single task was able to

meet the followingask selection criteria:

x Assess aange of age groups
X Assess bth the inferentialskill and timecourseassociated with the natural
reading process
x Assess hle realworld interference thought to bexperiencedvhen generating
counterfactuatvorld inferences
Many previous measures place high output demands on participants, despite
comprehension and thus inference generation being primarily input processes. When
assessing a range of age groups this is problematic as ability to overcome output demands
improves with age, meaning differences in performance between older and younger age
groups could be due to either genuine differences in inference generation abilities or
differences related to task demandlghilst some existing tasks use simple verbal
response methods with few output demands (e.g. lexical decision task), it has been argued
that successful completion of these tasks is possible by creating a devielamodel of
the text only.The use oforcedchoice pictureselection task (FCPST) which utilisas
pictorial, as opposed to verbal, response method reduces task demands, such that
translational demands (e.g. decoding) are minimibledvever, a complete idea is still
depicted meaning parti@pts cannot respond correctly by sismptmembering the text
verbatim A pictorial response method, unlike some of the simple verbal response
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methods, thus promotes a natural reading procégpically, existing inference
generation tasks assess eiihéerential skill or timecourse Simultaneous assessment of

the inferential process and product was desired, howevemimisethetime CYP spent

out of their learning environmentbnlike offline assessment tools which measure the
inferential process ait reading and require an explicit response stiepaced reading
taskassess the inferential process whilst reading and does not require an explicit response.
The natural reading process is thus uninterrupted and by measuring reading speed of
critical textsthat precede theCPST a measure of the inferential process can be obtained
without increasing participant assessment tifieally, due to minimal output demands,
several ideas can be presented simultaneouslyhe FCPSTwithout exhausting
participaQ WV { U HBdtR ¥ k)&t and realorld alternative can be presented in
counterfactualvorld conditions. Additional diagnostic errors, reflecting typical reasons

for inference generation failure can also be included. Error analysis can be conducted
explore realworld interference when processing ctarfactuaiworld information in
addition toother faulty inference generation strategigss new task, which combines a
self-paced reading methodology and foradubice picture selection task will k@own

asthe Image Selection Task.
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CHAPTER 3 THE DEVELOPMENT OF THE IMAGE SELECTION
TASK - ANEW INFERENCE GENERATION PARADIGM

3.1.Introduction

This thesis is conceed with the exploration of agelated changes in realorld and
counterfactualvorld inference generetn abilities duringadolescenceTo obtain a
comprehensive picture of inference generation abilities during this time, it is essential that
the task(s) used is able to assess a range of age groupsfehtial skill and time

course and the realvorld interference experienced when generating counterfactual
world inferences. However, as discussed in Chapter 2, many of the most commonly used
inference generation tasks are unable to fulfil all of the abasie selectiorcriteria.
Consquently, the creation of a new tasgkie Image Selection Task (IST\as necessary.

This Chapteoutlinesthe development of the IST.

3.1.1.0utline of the Image Selection Task

The IST combines a segfiaced reading methodology with farcedchoice pictire
selection taskFCPST), embedding them both into a story (see Figure 3.1 for a schematic
representation). Participants move through the story at their own speed until a 2*2 grid
with four pictures is presented. Although not explicitly highlighted ttigpants, each

2*2 grid is preceded by a screen displaying a critical Wkien the 2*2 grid is presented,
participants select the picture they feel best matches the text they have just read. The time
taken to read each critical text provides a measiitiee inferentiatime-coursewhereas
inferential skill wa assessed vimimber of errors made on FCR3Wh analysis of errors

was alsoconductedo determinghe potentiakause of inference generation failaned

levels of realworld interference in theounterfactualworld conditions
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The weight of the
spaceship had made the
cliff fall down.

Huge rocks were crashing
down all around them.
Finally, the giant rocks

stopped falling.

Lily and Joe climbed out of
their ship. They looked
around. A large egg had
fallen to the ground with

the rocks!

Slowly Lily and Joe made
their way over to the egg.

The giant egg began to
crack loudly. Soon, instead

. of the egg there was a
Cr|t|Cal TeXt small bear cub.

ForcedChoice
PictureSelection
Task

Figure 3.1 Schematic Representation of the Image Selection Task

3.1.1.1.Story Development

Many studies do not provide context before or afiercritical text. Instead, they simply
present the critical text followed by the test stimuli, this is then immeditatiédyved by
another item (e.gCalvo et al., 2006; Ferguson, 2012; Gernsbacher~&ust, 1991).
However, this is very different to reading in riéé, where typically a chunk of text is

read to extract information. The standard coherence framework suggests that reading
goals determine the level of coherence a reader seeks to gaia fext (van den Broek

et al., 1995; 200). Subsequently, reading a list of sentences with no real purpose is
unlikely to lead to a reading goal of comprehension, and thus experimental stimuli are
unlikely to be processed to the same level as natural. tErtbedding the critical texts

and FCPSTinto stories provides a context and increases engagement, creating reading

goals similar to those associated with the natural reading process.

This thesis is primarily concerned with those inferences drawn wigagemg with the
sciencefiction texts commonly read for pleasure by CYP and used in the classroom.
2ULJLQDOO\ WKH UHVHDUFKHU VRXJKW WR XVH pUHDO
variability this was not possible. Subsequently, story plots developed based on the

ideas depicted in the BBC Bitesize Key Stages-Plyears) and 3 (114years) Science
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UHVRXUFHV DQG LQ ERRNV LQ WKH p\RXQJ UHDGHUVT
library. A predominate theme in this literature was spmavel. Consequently, stories

were designed to focus on the space adventures of two charaldighg and Ben with

HDFK VWRU\ UHODWLQJ WR WKH FKDUDFWHUVY DGYHQ\

All stories were written to be 19910 words long to prevent fatigaed boredom, but at

the same time allowa full plot to develop andngage participants. Royer (2001) suggests

if a text is too difficult participants' comprehension suffers. Subsequently, stories were
designed to be readable by the youngest participaséessed in this thesi® year olds.
+DWFKHU(fV ERRN JUDGLQJ IRUPXOD ZDV3WHG WR
stories received a readabiliigvel of 9 years or less (segpendix 3.1 for a full list of

story ratings).

Six stories were wften to assess realorld inference generation abilities (reabrld
stories), six stories were written to assess counterfawtordd inference generation
abilities (counterfactualorld stories), and six stories were written to assess memory for
information explicitly stated in the text (literal stories). Each story was split into three
sections. The first two sections ended with a critical text. The final section provided a
conclusion to the story. See Table .3fdr an example story. Therefore, eacbrgt
contained two critical texts. Each rembrld and counterfactuatorld story contained

one critical text designed to evoke a coherence inference and one critical text designed to
evoke an elaborative inference. In the literal condition, one criticehtsessed memory

for realworld information and the other, memory for counterfactuatld information.

Two versions of each story were written, such that the second version of stories had the
converse arrangement of critical texts. This was to ensureddiferences between
different conditions could not be attributed to the position of critical sentence. This meant
that the story content had to be changed slightly. The number of words in Version 1 and
2 of the story always remained exactly the same. Jéreeral gist of the story also
remained consistent, as did tleadability rating (mean ratingevsion 1= 8.79, SD =

0.19; mean rating &sion 2 = 8.83, SD = 0.18(17) = 0.72p = 0.49. There was also

no difference in readability ratings across theeé story conditions (mean rating real
world stories = 8.78, SD = 0.23; mean rating counterfaetoald stories = 8.74, SD =

3 This formula is based on five key variables: number of wisrdsory, number of pages in story, number
of words with 6 or more letters, number of words in the longest sentence, and number of syntactic
features. Syntactic features refer to contractions, use of negatives, change of verb tense, and so on.
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0.14; mean rating literal stories = 8.89, SD = 0.E32, 35) = 2.60p = .09. The
administration of programs 1 and 2 was &@gonterbalanced axss participants, see table

3.2for a summary of the counterbalancing and randomisation of critical texts and stories.

Table 3.1 Example Story Text with Critical Sentences Embedded
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Table 3.2 Counterbalancing and Randomisationnoaterials

CFW = counterfactuaivorld, RW = realworld

3.1.1.2.Developmenbf Critical Texts

Critical text refers to the sentence(s) which ewakéarget inference, or in the literal
conditions, explicitly statethe information needed to respond corredBly.assessing
responses to the different types of critical texts, the pattelingeoéntial skill (number

of errors)andtime-course(reading speédcan be obtained. To explore these patterns six

types of criical text were created:

1. Realworld Coherence
2. Realworld Elaborative

3. Counterfactualvorld Coherence
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4. Counterfactualvorld Elaborative
5. Literal Reaiworld
6. Literal Counterfactuaivorld

3.1.1.2.1 Selectiorof Coherence and Elaborative Inferences Types

Thereare several types of coherenoel @laborative inferences (eG@raesser et al., 1994).
Exploration of all of these inferences is beyond the scope of this thésisoherence
and elaborative inferences selected for exploratvere those deemed most impant
duringadolescence

During Key Stages 24, CYP are expected to not just read a text, but to understand it
and thus extract relevant information frorh (Department of Education, 20013
Consequently, it is essential tla¥P are able to create coherent situational models of
the texts they are esented with. Graesset al., (1994) define global coherence as
localised chunks of information which have been hierarchically esgdrand connected

into higherorder chunks. Thuglobal coherence is essential for summarising a text.
However, research suggests that global coherence is unlikely to be achieved without local
coherence (see Graesser et al., 1994 coherenca@asu). Graesser et §L994) define
ORFDO FRK HucHI@d &hd PNdcesgad that organise elements, constituents, and
references of adjacent clagsar short sequences of claus@Sraesser et al1994, pg.

371). Graesser et §lL994) describe three types of local coherence inferences: referential,
case sucture role assignment, and causal antecedent. Referential and case structure role
assignment inferences, although thought of asnéisséor local coherence (e.fintsch

& van Dijk, 1978), are fairly basic and as such are thought to be developedltocst
adultlike level by children aged-20 years (Ackerman, 1986). Causal antecedent
inferences, on the other hand, refer to those inferences which link or bridge together
current actions/events/states with previous ones (Graesser et al., 1994).HRasggests

that causal antecedent inferemoaking ability continues to develop throughout
childhood and into adulthood (e.gAckerman, 1986; Casteel, 1993%ince these
inferences are necessary for establishing explanationsdatseoccurring in a texe.g.

D FKDUDFWHUYVY EHKDYLRXU RU WKH FDXVH RI DQ HOH
bothnarrative and expository texts, making theanticularly important for success across

the curriculum.

CYP must also be able to elaborate on a text dufieg Stage®-4, adding information

which, whilst not necessary for coherence, aids understanding by creating a more detailed
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picture (Department of Education, 20L3Graesseet al. (1994) describe five types of
elaborative inference: causal consequenuerénces (more commonly known as
predictive inferences), instantiation of noun category inferences, instrumental inferences,
subordinate goahction inferences, and static inferences. Static inferences are likely to be
particularly useful during Key Stage?4 since they refer to inferences made about a
FKDUDFWHUYfYVY RU REMHFWYV WUDLWYV NQRZOHGJH EF
When drawing opinions and conclusions about why a character may react in a certain way
it is necessary to infavhat the agents in the text may have known or belidvestience

it is necessary to infer static properties of materials to understahgdradict potential

uses (e.gwhich mateial will be the best insulathrchanges in state (egplid to liquid),

and outcomes. Consequently, casaherenceand statiqelaborativejnferencesvere

explored in this thesis.

3.1.1.2.2Criteria for Critical Texts

All critical texts were designed to meet the following criteria:
1. All critical texts must readaturally

Typically, previous research uses the same critical text in all conditionggamly one
target word (e.gCook et al.2001; Ferguson, 20)2This allows for strong experimental
control. However, h opposition to previous research, the catitexts in the IST were
embedded into stories to provide the calitext with a context anencourage a natural
reading process. The use of identical critical texts was likely to result in the creation of
contrived and repetitive stories. This issuelldohave been overcome by creating two
additional stories for each critical text and counterbalancing these across partiEipants.

to time constraints thiszas not possibfe Subsequently, 36 unique critical texts were

created.

With regards to interfere&e, two identical sentences are usually employed to explore
differences in responses to the re@rld alternative compared tthv@é counterfactual
world target.However, since the IST presents both the counterfaatadtl target and

realworld alternativerealworld alternative control sentencesrenot needed.

454 as opsed to jusi8 stories would have had to be created
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2. All critical texts must have the same syllable length, syntactic structure, tone,

and readability level

To ensure response patterns reflect differences in inferential processing and mitdingu
processing features (e.i@xt length, grammatical structures, reading difficulty) critical
texts were designed to be as similar as possible. Firstly, all critical text were designed to
be exactly 21 syllables in length. Critical texts were matchedydable length, as
opposed to word length, as syllables are thought to provide a more robust measure of
reading speed than words (elgst & Carpenter, 193(Critical textswerewritten using

the same syntactic structures and tand rated using Hateer's (2000) book grading
formula®. All critical texts received readability ratings of 9 years or less, with no
significant differences between the six conditiaeskworld coherence mean = 7.60, SD

= 0.48; realworld elaborative mean = 7.51, SD = 0.88unterfactuailvorld coherence

mean = 7.77, SD = 0.81; counterfactuadrld elaborative mean = 7.75, SD = 0.68; literal
realworld mean = 7.78, SD = 0.57; literal counterfactwalld mean =7.68, SD = 0.69;

F (5, 35) = 0.19p = 0.97. Subsequently, all ttical texts should be readable by even the
youngest children in the study.

3. Elaborative critical texts should not promote online processing.

Research finds that elaborative inferences can be drawn online under certain conditions,
such as high contextuaonstraints resultingn few alternate possibilities, easily
accessible knowledge due to preceding activation or strong semantic constraints, or when
given enough processing time.g. Calvo, Castillo, & Schmalhofer, 20R6To ensure
elaborative infereres were not primed by individual words in the critical text, the
semantic associations between the words in the critical text and intended inference were
checked using thedinburghAssociativelhesauruslatabase (EAT, 20).3If a word was

found to have &igh semantic association with the target the word was changsdaiRh

shows that when tasks are repetitive and consistently require a similar elaborative
inference, participants aréla to anticipate this anehgage in the strategic processing
neededd complete the task when reagdithe critical sentences (e@alvo et al., 2006;

Keenanet al.,1984).Consequently, resdicould suggest that an elaborative inference

5Words in a story was set to 101 when calculating readability grades for critical texts since critical texts
were embedded into a story. All other factors (e.g. words in longest sentence and syntactic features) were
calculated based solely on critical text
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has been drawn whilst reading, when in fact, if reading naturally, this may notd&ve b
the casef-or this reasoycritical texts were embedded into a story as opposed to appearing
at the end of a story.he need to draw inferences based on several topics of knowledge
shouldalso minimise this anticipatory effect as participanenotpredict the type of

static property they should be making an inference about. Some participants may still
anticipate the generation of an inference related to the properties of the object being
described. However, there are so many potential possibilieag#uer is unlikely to try

and generate them all.

Sciencefiction texts are often used during Key Stagean® 3to teach and reinforce
scientific principles BBC Bitesize, 2014+see science sectiprBubsequently, all critical

texts were designed to reflect information on one of six key scientific topm®duction,
transport and movement, communication, animal attacks, plant and human anatomy,
physical propertieskurrently taught during Key Sgas 2 and 3, identified through
consultation with Key Stage 2 and 3 Science National Curriculums and the BBC Bitesize

Science website (ségppendix 3.2).

3.1.1.3.Developmenbf the ForcedChoice PictureSelection Task

Several picture databases extsbwever, it was not possible to use these as implausible,
and in many cases novel, ideas needed to be deptetgda bear hatching from an egg
Subsequently, it was necessary to create new pictures. The researcher read the critical
texts and then drewigiures based on her mental representation. The process of picture

creation is summarised in Figure 3.2.
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Critical Text

e.g., The shark attacked. Blood began to spill out of Holly's arm

¥

Creation of a Test Sentence Depicting Target Inference/Target
Information Explicitly Stated

a.g., The shark had bitten Holly's arm

¥

/_ Creation of Image Depicting Test Sentence\

(& /

Figure 3.2 The Process of Picture Creation

As discussed inSection 2.3.5. pictorial test stimuli are likely to be particularly
advantageous when sessing the reaborld and counterfactualorld inference
generation abilities of a range of age groups as meaning can be extracted with more ease
from pictures than worddhis is only the case if the picture adequately depicts the idea

intended. Consequdy, all pictures were designed to meet the following criteria:

1. All pictures contairtwo to four key components
Research gygests that busy pictures (ithose containing a large number of elements)
can be difficult to interpret and can be more ambigthan simpler pictures (e.§zékely,
'IDPLFR 'HYHVFRYL )HGHUPHLHU +H200BRSpodgiadd)& -DFR
Vanderwart, 1980Snodgras$: Yuditsky, 1996). Typicallythe more detailed the picture,
the more difficult it is to interpret. Subseanily, simple drawings were used, with the
number of elements in each picture kept as consistent as possible, such that each pict
comprised only 21 elementszin the picture above there are three elements: the shark,

Holly and the sea.
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2. All pictures ae simple line drawings
Research shows that line drawings are easier to comprehend than real photographs (Ryan
& Schwartz, 1956). Hochberg (1972) argues that this is because linmgsaweate a
prototype #i.e. they convey only the key distinctive feets of the objeainakingobject
identification easierTo ensure pictures were easy to interpret simple line drawings were

used.

3. Whenever possible, all pictures are black and white
Research shows that visually salient features such as colour can atfeet piocessing,
with visually distinctive elements attracting more attention than less distinctive elements
(e.g.ltti & Koch, 2000; Parkhurst, Law, & Niebur, 2002)nless colour was one of the

static properties being assessed, all pictures were préseritiack and white.

3.1.1.3.1Designof Fillers

Three filler pictures were created for each item, with one filler in the counterfaabulal
conditions always depicting the reambrld alternative. In both realworld and
counterfactualvorld conditions, one filler also depicted the literal state of events in the
inference conditiongkesearch shows that processing of a visual scene can be affected by
both visually salient featurest(i & Koch, 2000)and those features likely to be interesting

or meaningful to the participant (Wright, 2005). Therefalidjllers were designed to be

as similar as possible to target pictures, comprising the same compoaith
componentstsee Table 3.3or examplesThe positioning of the target item was pseudo
randomised so that the target item appeared in eaahraut nine times (see Table 3.3.

To do this a random 36 item number sequence containing the numbers 1 to 4 was created

using a random number generator.
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Table 3.3Examples of Target pictures and related fillers

3.1.1.4 Additional considerations
3.1.1.4.1ComprehensioQuestions

In addition to embedding the critical sentences into story tesd, comprehension
guestions werereated to follow each story. Consistent with previous research, this was

to encourage participants to engage with the stories and read carefully with tioé goal
understanding the text (e @alvo et al., 2006L.ong, Oppy, & Seely1994. One of the
comprehension questions required knowledge explicitly stated in the text. The other
comprehension question required an emotional inference; emotional inference questions
were used as these inferences had not been assessed in any other part of the task.
Emaional inferences refer to an emotionasponse of the charactee.g.when reading
M%LOO\ LV EHLQJ EXOOLHGY D UHDGHU PD\ LQIHU WKD'
fall into the coherence inference category and thus should be drawn whilstgrea

However, emotional inferences are often linked to global coherence and thus often relate
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to comprehension of the whole story. In addition, emotional inferences were selected
since this inference was applicable to all stories and unlike many offtbecatherence
inferences did not overlap with the causal coherence inferences being assessed. The
location in the passage to which the question pertained was varied to encourage deep level

processing of the whole text.

The comprehension questions weresgnted one at a time using a true or false format,

similar to that used by Long et al. (1994) and Eitl al., (1988). Participants were

instructed to press the key ('k’) with & sticker on it if they thought the answer was

true and the key ('s") With sticker on it if they thought the answer was false.
Examples of the comprehension questions used can be foliadl?4.3The answer to

the comprehension questions was true half of the time. True or false response methods,
as opposed to free recatbmprehension questions, are particularly beneficial in the IST

as it means all elements of the task can be presented and responded to on the laptop. The

physical act of task switching is reduced, meaning the task can run more efficiently.

3.1.1.4.2Instructions

Research suggests that reading aloud disrupts the natural reading process, leading to the
text being processkeat a surfacéevel only (e.gKeefe & McDaniel, 199 To promote a

natural reading process participants were asked to read silealilynstructions an be

found in Section 4.2.1.4

3.1.1.4.3PracticeTrials

Participants were presented with 20 practice trials to allow them to become familiar with
the coloured button response method. In these practice trials a shapeappeae ¢

the coloured quadrants; participants had to indicate, using the coloured buttons, where the
shape had appeared as fast as possibie section 4.1.1 for further details on response
method Ford and Milosky (2008)sed a similar practiggroceduravhenusing a FCPST.

If the researcher felt participants were struggling with the response method during

practice trials, further instruction was given.

The task was presented on a HP ProBook Laptop usidgnie softwargPsychology
Software Tools, Pittsburugh, PA) present stimuli and recomumber of errorand

reading speeftecorded in milliseconds).

3.1.2.Current Study
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To evaluate the validity of the newly designed test stifdiiéige 1of this study explored

WKH FULWLFDO WH[WYV DELOLW\ WR BtageZ explorddKH W\
whether pictorial stimuli depictetie idea intended, ease of interpretation of pictures, and
plausibility of ideas depicted. Since this studyconcerned with the evaluation of test
stimuli, as opposed to comparing different age groups, it was only necessary to use a child

and an adult group.

3.2 Stage 1: Evaluation of Inferences Evoked by the Critical Text

Research shows that inferent&kill and time-coursevary depending onhe type of
inferential processingequired(e.g.Bowyer-Crane& Snowling, 2010Calvo et al., 2006;
Virtue et al., 2008 To explore these patterns, the critical texts were carefully designed
to evoke coherene@ference, elaborativenference, or literal processing. Participants
wereasked to indicate the type of processing taegagedn when presented with the
critical sentences intended for use in the IST. Was assessadsing a difficulty scale.

In accordane with Graesser et &.(1994) definitions of different inference types, a
difficulty score of 1 (vereasy)referedto literal processing, a difficulty score of 2 (easy)
referredto coherencénferential processing, and a difficulty score of 3 (mediusigrred

to elaborativeinferential processing. A ficulty score of 4 (hard) was alsesed, which
refleced no or a limited connection between the critical sentences and test sentence. If
critical sentencesvokethe type of processinmtended,then thg should consistently
receive the associated rating. It svaredicted that all critical sentesscwouldreceive the
expected rating at least 80% of the time (this cut off is in line with Calvo & colleagues'
criteria for judging the validity of inferendaducing sentence£alvo, 2000; Calvo et

al., 1999; Calw, Castillo & Schmalhofer, 2006

3.2.1.Method
3.2.1.1.Participants

10 adults (mean age = 24.98ars SD = 7.06, range = 1&40years 5 females) and 10
CYP (mean age = 9.69ears SD = 0.84range = 911 years 6 females) were recruited.

Adults were recruited from Sheffield Hallam University undergraduate and postgraduate
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courses and the researcher's local area. All undergraduate students received research
credits for their participatiorCYP were recruited from sports groups at a local leisure
centre. All participants were native speakers of English and did not have a known learning
difficulty. All participants had normal oratrected to normal vision (e.gontact lenses

or glasses) and noneere colour blind.

3.2.1.2.Designand Materials
3.2.1.2.1 Critical Text Booklet

A 36 item papebased booklet was created to assess the type of inference evoked by each
critical text. Each item consisted of the critical text followed by the expected inference
(test sentence). 12 items reflected those critical sentences designedeaevetence
inferences, 12 items reflected those critical sentences designed to evoke elaborative
inferences, and 12 items reflected those critical sentences used in the literal steries. S
Table 3.4for examplesand Appendix 3.3 for a full list of critial texts and test sentences.

The order in which sentences were presented in the questionnaire was randomised using

a random number generator. All participants received the sentences in the same order.

Table 34. Example CriticalTextand Test Sentences for Literal, Coherence and
Elaborative Conditions

For each item participants rdtbow easy it was to make the connection between the
critical sentence and the test sentence (a processing rating)pmird Hkert scale, where

1 = ery easy and 4 = hard. Definitions for each point on the scale were given at the start
tseeTable 35.
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Table 35. Inference Ratings and Definitions
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The first three definitions were adapted frtmose given by Graesser et @994) and
correspond to literal, coherence, and elaborative inferential procasspgctively.

The definitiors were read aloud and then explained in simpler terms f@ Yle Before

starting the questionnaire all participants were asked to explain to the researcher what
each rating meant. Participants did not complete the task until the researcher was happy
that they fully understood each definitiolinswers were scored as correct if the
participant selected the rating thought to be elicited by the criticalAdxgh accuracy

rating indicatesa critical sentence which reliably evoked the intended inferential (or
literal) processingA low accuracy ratingndicatesthat a critical sentence did not evoke

the intended processing.

3.2.1.3.Procedure

Written consent was sb gained from all adultsThe threeiered method of consent
detailed in Section 5.3.8/as used to obtain consent frathCYP #this includes witten
organisational, parentdl and child consent. All participants completed the booklet
individually in a quiet area (e.q lab r@m or break out space in tl&YP's leisure

centre/sports club). All participants were given the following instructions:

M, Q WKLV ERRNOHW WKHUH DUH VKRUW SDVVI
planets. | would like you to read these passages very carefully. The

passages will be in italics. A short sentence in bold font will follow

every passage. | would like you to tell me how easy or difficult it was

to make the connection between the passage and sentence using the
IROORZLQJ VFDOH ¥

The rating scale and associated definitions were then explained to participants. Once the
researcher was sure the participant understood the rating scale and definitions, an example
was given. Participants then completed the booklet. The researcher \ags elose by

in case theCYP needed any help reading the sentenadsilts took approximately 15

20 minutes andCYP took approximately 2@5 minutes to complete the questionnaire.
Once participants had completed the questionnaire they were thanked aefdghY P

were also given a goody bag and letter of thankghfair parents.

6 The term parental/parent is used in this thesis to refer to the wide range of individuals who care for
CYP.
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3.2.2.Results

If a critical text received the rating representing the inferential processamgletit was
scored as correchA mean accuracy percentage was then calalifateeach item. When
looking at the ratings given by the children, 34 out of 36 items received the inference
rating expected at leas®® of the time (see ppendix 3.4for critical sentence accuracy
ratingg.

Items 13b (furry fish) and 15b (running fishere designed to evoke literal processing
however, item 13b was only rated as requiring literal processing 50% of the time, and
item 15b, 40% of the time. It wathought that this was due to the wording of the test
sentence as opposed to the wordinghef tritical text. Both items 13b and 15b are
counterfactualvorld items, but the test sentenefers to 'this planet' (e.ghe fish on

this planet are covered in fQr'This phrase was meant to refer to the planet upon which
the furry fish/running fishlived. However,CYP may have thought the sentence was
referring to Earth, causing confusiand a more difficult decisiemaking process. The
wording of the test sentences in these items was changed to remove the ambiguity caused
by the use ofthis plaret' before the booklet was given to adults, all other items remained
the same in the booklet given to adults and children. The newly modified item 13b and
15b were given a rating of 1 (the expected rating associated with literal processing) at
least 80% otthe time by adults. Inspection of individual item ratings given by adults
found that all items received the processing rating expected at least 80% of theeéme (

Appendix 3.4or a full list of percentage ratings).

After removing responses to itemsbland 15b (5.56% of the child data) from the
children's data set a participant mean accuracy percentage was calculated for both adults
and children for each conditio As can be seen from Table 3tbe mean accuracy
percentage was 80% or over for all ciioths. This suggests that for all conditions the
critical texts were consistently rated as evoking the inferential processing intended.

Therefore, the critical sentencagpearsuitable for use in thisT.
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Table 3.6 Mean Critical Text Accuracy Perctges (and Standard Deviations) across
All Conditions for Both Adults and Children

3.3 Stage 2: Evaluation of the Interpretation, Processing Difficulty, and
Plausibility of Pictorial Stimuli

As discussed iBection 2.3.3.research suggests picturas,opposed to text, allowrdct
access to meaning anthy be more suitable for the assessment of a range of age groups.
However, this is only the case if the pictures adequately depict what they are supposed to

and are easy to interpr&tage2 of the stidy evaluated whether the pictures:

x depicedthe idea intended,

X were easy to interpret,

X in the case of reakorld target items (and realorld alternative filler items in

counterfactualvorld conditions), depietd plausible ideas,

X in the case ofounterfactualvorld target items, depietlimplausible ideas.
To determine if the pictures depcdthe ideas intended participants were asked to
describe the picture. Participatii@nrated how difficult it was to make this decision and
finally participants ratd the plausibility oftheidea depicted by each picture. If a picture
reliably depiced the ideaintended,then the picture should consistignbe identified
correctly. It wa predicted that all of the pictures intended for use on thevigild be
identified correctly at least 80% of the time, in accordance with cut off rates used by
Calvo and colleagues &B/0, 2000; Calvo et al., 1992006). Since each picture was
only rated by five adults and five children, 80% is the equivalent of just one adult or one

child identifying the picture incorrectly, creating a very stringent criterion.

A difficulty rating scale ranging from 1 = extremely easy to 5 = extremely hard was used
to obtain a measure of picture difficultywas predicted that all pictures intended for use

in the IST wouldreceive a mean difficulty rating of 2 or legsplausibility rating scale
ranging from 1 = impossible to 4 = very likalyasused to obtain ameasure of picture

plausibility. It was predicted that allealworld target pictures wouldeceive a mean
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plausibility rating of 3 or more and all counterfactwadrld target picturesould receive
a mean plausibility ratingf 2 or lesslt was predictedhat the realvorld alternatives to

the counterfactualvorld target pictures wouldlsoreceive a mean rating of 3 or more.

3.3.1.Method
3.3.1.1.Participants

20 adults (mean age = 33.%&ars SD = 13.88, range = 16 years 11 females) and 20

CYP (mean age = 9.9¢ears SD = 1.07, range =-92 years females) were recruited.

Adults were recruited from Sheffield Hallam University undergraduate and postgraduate
courses and the surrounding area. All undergraduate students received research credits
for their participationCYP were recruited from sports groups at a local leisure centre.

All participants were native speakers of English and did not have a known learning
difficulty. All participants had normal or corrected to normal vision and none wérerc

blind. None of thearticipants recruited for Stage 2 had taken part in Stage 1 efubig

3.3.1.2.Materials and Design
3.3.1.2.1PictureValidation Booklet

Four 36item booklets were created to evaluate the 144 pictures designed by the
reseacher for use in théST. The 144 pictures were randomly divided across the four
bookletsto prevent fatigueThe distribution of the four booklets was counterbalanced

across participants.

The picture validation booklet was designed to assess whethetrtbie pictures depicted
what they were supposed to, picture difficulty, and picture plausibility, thus each item
consisted of three parts. First, using an epeswer method, participants statehat they
thought the picture was. Participattienrated picture difficulty on a 5 point likert scale,

where 1 = very easy and 5 = very diffidulsee Table 3. for definitions of each rating.

7 Participants were not told what the picture was supposed to be before making their difficulty rating as if
the participant did not identify éhpicture correctly this data was removed from analysis.
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Table 37. Picture Difficulty Ratings and Definitions
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Finally, participants were asked to rate picture plausibility on a 4 point likert scale where

1 =impossible ad 4 = very likely +tsee Table 3.8or definitionsfor each rating.

Table 38. Picture Plausibility Ratings and Definitions

3.3.1.3.Procedure

Written organisational, parental, and child consent were gained f@Ya&l Written
consent was also gained from all adults. All participants completed the picture validation

booklet individually in a quiet area. All participants were given the followiagjuctions:

<RXfUH JRLQJ WR VHH VRPH SLFWXUHV 1H[W WR
line. I would like you to write down what you think each picture is on
this line. | would then like you to tell me how easy it was to decide
what each picture was usingthé FDOH EHORZ $IWHU \RXYYH GF
would then like you to tell me how likely you think it is that you would
see the idea in the picture in rdék using the scale below.

The rating scales and associated definitions were then explaipaditipants, with each

being followed by an example. Once the participant had confirmed that they understood
what to do, they completed the booklet. In most gashdts and children completed the
booklet themselves. However, some children who were amrsof their handwriting or
spelling asked to dictate and let the researcher fill the booklet in for them. Upon
completion of the booklet, the researcher quickly scanned the booklet, if any pictures had
been incorrectly identified the researcher explainbdt the picture was meant to be and
asked the participant how they thought the picture could be improved. No changes were
made at this point. The booklet took adults2Zlbminutes to complete and children 20
30minutes to complete. Once participaméslcompleted the booklet they were thanked

and debriefed, children were also given a goody bag and letter of thanks and debrief to

take home to their parent
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3.3.2.Results
3.3.2.1.Accuracyof Picture Depiction

All answers given by participants were scoasdcorrect/incorrect by the researcher and

a second scordgpsychology graduate)sing a st of strict criteria. Table 3.Qrovides
examples of the criteria used and some examples of both correct and incorrect answers
given by participantdnter-rater eliability between the researcher and the second scorer
was found to be very high, with 97.08% agreement between the two scorers for children

and 98.75% agreement for adults.
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Table 3.9 Examples of criteria used to score picture identification answedstlae
types of answers marked as correct/incorrect

Item Criteria Correct Answ ers Incorrect Answers
Item 1a - target Target: B ear hatching from egz. Bear hatchinz Eear wearing egg
BT "‘_ ; :Paxticipantmustmake itdear that Bear coming outof
S et . 4 the bear is a product of ‘coming ezg
" il | from the ezg
Item 3b - target Target Ahand covered in Feathery hand Hand and feathers,
feathers.

Hand covered in Glove made of feathers

| 777 Participant must make dear that feathers,
] the feathers and the hand were
connected
Handmade of
feathers,

Hand growing

feathers
Item 11b - filler Target Penzuin rowingin a boat Penzuin rowing Penzuin and a boat
boat
Penznin movang
= 8 Penguin sailing
 ~ Participant must indicate that the
51t 'l penguin is rowing a boat. Any
JT P - variation onrowing can be Pengin ravelling
A 3 accepted - 8.z, sailing Answer ~ Penguin boating in
’ can still be mark ed as correct if the sea

participant refers to the penguin
as abird It is central that
participant makes reference to
bothmode of transport and
armimal.

To explore whether or not the pictures created adequately depicted the idea intended, a
mean correct response percentage walculated for each pictfirénspection of these
percentages shows that fohnildren, 136 of the 144 pictures received a mean correct
response percentage of 80% or aboMee target picture for item 4a (Holly and Ben

walking on water/across the lake), all four pictures for item 10b (Red poppies, Blue

8WKH UHVHDUFKHUYTVY RZQ PDUNV ZHUH XVHG QRW WKH VHFRQGHU
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poppies, Orange poppies, Yellgoppies) and the target and two fillers for item 14a
(Hard rock, Bendy rock, Cracked rock) did not receiven@an correct response
percentage of 80% or above. For adults, 138 of the 144 pictures received a mean correct
response percentage of 80% of abolee fillersfor item 10b Blue poppies, Orange
poppies, Yellow poppiesgnd the target and two fillers for item 144afd rock, Bendy

rock, Cracked rockglid not receive anean correct response percentage of 80&tove

(see Appendix 3.5or accuracy percentages for every picture). Several changes, all listed

below, were made to rectify these issues.

The target picture for item 4a was edited so thatwaves in the lake were bluenore
clearly representing water. This picture was ragdin by five children who had not
previously participated in the study (mean age = 96#0s SD = 0.45, 3 females; these
new participants were also asked to provide a difficulty and plausibility rating for the new
picture). This edited picture reweda 100% identification ratimgrom the five new
participants. Water vwgarepresented in this way (i.elue) in all relevant pictures to

improve clarity and consistency across items.

Item 10b was changed from7 KH HQRUPRXV ILHOG DK H&BmRvithW KHP
EHDXWLIX@ BRISBLHOLE GLG QRW XVH D SHQFLO WR GU
covered in honeyJ& RQVHTXHQWO\ WKH L QW HRpiEsGrée @ HWRI Q F |
poney is golden yelloW. )RXU QHZ SLFWXUHYV zeW ddm. FleseDorH G | R
pictures were then rated again by five children (mean age =y8&8@ SD = 0.89, 3
females) and five adults (mean age = 2%@&ars SD = 11.71, 1 female), none of which

had previously participated in the study (these new partiGpeerte also asked to provide

a difficulty and plausibility rating for the new pictures). The new children identified the
target correctly 80% of the time, filler 1 correctly 100% of the time, filler 2 correctly
100% of the time, and filler 3 correctly 8086 the time. The new adults correctly
identified the target 100% of the time, filler 1 was correctly identified 80% of the time,

filler 2 100% of the time, and filler 3 was correctly identified 100% of the time.

Item 14a wasF K D Q J H (HaweReR, thewere trapped. There was no way out. The

thick walls of rock were completely solffl. Wik people in this place wore tops made

® These item was also evaluated to ensure they evoked the target inference using the methodology
outlined in Stage 1.
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from elastic. Elastic is quite stretclyf & RQVHTXHQWO\ WKH LQWHQGH
'rocks are hard and inflexibléd 'elastic is flexible and stretchiyFour new pictures were
created for this new item. These four pictures were then rated again by five children (mean
age = 9.4Q/ears SD = 0.55, 2 females) and five adults (mean age =0324drs SD =

3.58, 3 females), none of which had previously participated in the study (these new
participants were also asked to provide a difficulty and plausibility rating for the new
pictures). The new children identified the target correctly 100% of the filee 1 was
identified correctly 100% of the time, filler 2 80% of the time, and filler 3 was also
identified correctly 80% of the time. The new adults correctly identified the target 100%
of the time, filler 1 80% of the time, filler 2 80% of the tiraad correctly identified filler

3 100% of the time.

Using the new stimuli, mean correct response percentages were calculated for adults and
children for each conditionThese mean correct response pet@ges can be found in
Table 3.10

Table 3.10Meancorrect response percentages (and Standard Deviations) across All
Conditions for Adults and Children

As can be seen from Tal8e10.in all conditions, the mean percentage accuracy rating is
very high (above 90%) for both adults and children. This sstggémat the pictures

intended for use in thiST reliably convey the ideas intendedverall, it appears that
after some modifications, all pictures adequately dedi¢he intended ideas ale

suitable for use in the IST.

0 These items we also evaluated to ensure they evoked the target inference using the methodology
outlined in Stage 1.
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3.3.2.2.Picture Difficulty and Plausibility Ratings
3.3.22.1. Preliminary Analysis

The data werénspected prior to analysis and those pictures identified incorrectly were
removed (this resulted in 2.92% of child data and 3.89% of adult data being removed
from analysis), meaning only difficulty and plausibility ratings of those pictures correctly
identified were used to calculate means. To ensure that pictures in all conditions were of
equal difficulty, mean difficulty ratings for each condition were calculated. Mean
difficulty ratings comprised all pictures a participanédatvithin that conditioni.e. both
targets and fillerstand can be found in Table 3.1Mo ensure realorld target pictures
depicted plausible ideas and counterfactuwatld target pictures depicted implausible
ideas mean plausibility ratings were calculated for each conditle@an plausibility
ratings comprised the plausibility ratings for target itemg and can be found in Table
3.12

There were no outliers in the data and homogeneity of variance was not vislatied
that the largest standard deviation was less than timas larger than the smallest
standard deviation (Howell, 198 However, for difficulty ratings, the distribution for all
conditions was positively skewethis was expected since it was hoped that most pictures
would receive fairly low ratings. For gisibility ratings, the distribution was positively
skewed for counterfactuaorld conditions and negatively skewed for realrld
conditions. Again, this was expected since it was hoped that counteHactlglitems
would receive low scores, indicativd implausibility, and that realorld alternative
filler pictures would receive high scores, indicative of plausibiftiOVA is believed

to be robust enough to deal with skewed distributions of data, even when small samples
are used (Field, 2013). Evémough Likert scales produce ordinal data, it guad that
once items are summedavreraged across the scale the data beconegsal (Carifio &
Perla, 2008 Parametric ANOVAs were conducted on all difficulty and plausibility data
obtained inStage? of the study.

3.3.2.22. Picture Difficulty Ratings

First, mean difficulty ratings were calculated for each picture. Inspection of these means
showed that mean ratings for all pictures were less than 2 for the children. Since a score
of 1 equals very asy and 2 = easy this suggests children found all pictures easy to
interpret. However, the target picture of item 3a (man flying over cliff) received a mean
rating of 2.33 fom the adults (seeppendix 3.6Gor mean difficulty ratings for each item).
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Consegently, lines to indicate movement were added to this picture. It was then rated
again by five adults (mean age = 21@8ars SD = 3.35, 4 females) who had not
previously taken part in the study. The new adult participants gave the edited picture a
mean ating of 1.6. Ratings for the amended stimuli were used when calculating a mean
difficulty rating for each conditio. As can be seen from Table 3.1l{e mean difficulty
ratings in all conditions, for both adults and children, are less than 2. Theretaemis

all pictures, regardless of condition, are easy to interpret.

Table 3.11Mean Difficulty Ratings (and Standard Deviations) across All Conditions for
Both Children and Adults

A 2 (Age: adults, children) * 2 (plausibility: realorld, counterfactuaivorld) * 3

(inference type: literal, causal, elaborative) mixed ANOVA was conducted. No
significant effects of age~((1,38) = 0.53p = 0.47, S8 0.0)), plausibility (1, 38) =
0.003,p=0.96, S40.00), or inference typeH (2,76)= 2.167, p = 0.12, S8 0.05)

were found. There were also no significant interactipns.05for all interactions). This
suggests that there is no difference in picture difficulty across conditresall, it
appears that all pictures are easy tenotet with no differences in picture difficulty
between conditions or betere adults and children observed

3.3.2.23. Picture Plausibility Ratings

First, mean plausibility ratings were calculated for each target picture. The definitions
assigned to theatings mean that a score of 3 or more reflects a plausible idea, whereas a
score of 2 or less reflects an implausible idea. Inspection of the plausibility ratings given
to individual pictures shows that all reabrld target items received a mean pladgipi

rating of 3 or more and all counterfactwedrld target items received a mean plausibility
rating of 2 or les from adults (seepgpendix 3for individual plausibility ratings for each
picture). However, this is not the case for children. Whilstalhterfactualworld target

items received a mean plausibility rating of 2 or less, threeweiddl items received a

mean plausibility rating of less than 3: item 8a (shark biting Holly), item 16a (Holly and
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Ben walking on the road) and item 18a (sharknbitHolly's foot). This suggests that
children view the ideas depicted in these pictures as implausible, however, exploration of
the explanations given by children who gave these pictures a score of 2 or less suggests

this may not be the case.

Items 8aand18a wergated as unlikely by some children as they felt that they personally
were unlikely to see a shatk snakebiting someone in England. However, the children
did acknowledge that being bitten by a sharlsnakewas plausible, they just felt that
they were unlikely to see it. tem 16a was also rated as unlikely by some children as they
felt that they would be unlikely to see people walking/running in the middigeaoad

as this is dangerou$ The answers given may be due to the wording of the question
'how likely wouldyou EH W R WHeid answeringsomechildren appear to have taken
anidiosyncratic approachi.e.’'how likely is it thatl would see this?' Since all three items
were ackowledged as plausible, even if unlikely to be witnessed by the children, these
items were not changed. Overall, it appears that alwedd target pictures and all real
world alternative filler pictures depict plausible ideas whereas all counterfacbual

target pictures depict implausible ideas.

Mean plausibility ratings were then calculated for each comdiths can be seen from

Table 3.12.mean plausibility ratings for the reaforld conditions are above 3 and
plausibility ratings for counterfagalworld conditions are below 2, for both adults and
children. This suggests that theakworld pictures depicplausible ideas, whereas the

counterfactualworld pictures depidmplausible ideas.

Table 312. Mean Plausibility Ratinggéand Standardeviations) across All Conditions
for Children and Adults

A 2 (Age: adults, children) * 2 (plausibility: realorld, counterfactuaorld) * 3

(inference type: literal, causal, elaborative) mixed ANOVA was conducted to explore any
differences in thelausibility of ideas depicted by reaforld and counterfactuatorld
targets. A main effect of plausibility was fourfel((L,38) = 621.01p < 0.001, S80.99
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with realworld items (nean = 3.35, B = 0.2 receiving significantly higher plausibility
ratings than counterfactualorld items (mhean = 1.41SD = 0.2(. No significant effect
of inference typeR (2,76) =0.18p=0.84, S®0.005 or age F (1,38) =0.08p=10.79,
S 94 0.0 was found. There were no significant interactions obsenwvedX05 for all
interactions). It appears that reaborld tamget items are more plausible tha

counterfactualvorld items for both adults and children.

Finally, counterfactualvorld items were designed to include the counterfastuald
target and three filks, with one filler depicting the reatorld alternative to the
counterfactualvorld target. To ensure these r@adrld alternatives depict plausible ideas
subsidiary analysis was conducted to explore their plausibility. Mean plausibility ratings
were calalated for each reaborld alternative picture. Inspection of these means found
that all pictures received mean plausibility ratings above 3 from adults and children. An
overall mean was then calculated for realld alternative pictures, reatorld targe
items, and counterfactualorld target items. A 2 (Age: Adults, Children) * 3 (Picture
Type: Realworld Target, Counterfactuavorld Target, Realorld Alternative) mixed
ANOVA was conducted to explore any differences in the plausibility of ideas depicte
by reatworld targets, counterfactualorld targets, and reaborld alternatives. A main
effect of picture type was observdd (2,76) = 519.02p < .001, S8 0.93. Posthoc
pairwise comparisons (conducted using a Bonferroni adjustment (0.0&/8gled that
there was no significant difference between the plausibility ratings forweadd
alternative (nean = 3.50, SD = 0.3&and realworld target itemsrfiean = 3.35, SD = 0.43;

t (39) = 1.95p = .058. Counterfactualvorld target picturesnjean= 1.41, SD = 0.3
were found to receive significantly lower plausibility ratings than bothweald target

(t (39) = 34.46p < .00)) and realworld alternative pictured (39) = 24.21p < .00]).
There was no main effect of age (1,38) = 0.64p =.43, S8 0.02. There was found

to be no significant interaction between picture type andR¢g16) = 2.27p=.11, So
=.056. This suggests that reafbrld alternative pictures, like realorld target pictures,
depict plausible ideagverall, ral-world target pictures and reaorld alternatives
appear to depict plausible ideas whereas counterfactudd target pictures appear to

depict imphusible ideas.

3.4. Discussion

All critical sentences and pictures appear to be suitable for usel@Tthé€ritical texts

were found to elicit théype of processing intendedicRires were found to depict the
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ideas intended, be easy to interpret, and in the case afoddl targetsdepct plausible

ideas but in the case of counterfactwalrld targets depict implausible ideas. Whilst, all
critical texts were found to elicit the type of processing intended, some minor
modifications had to be made to the critical text booklet. Moreoveras after some
modifications that all pictures were also found to adequately depict the idea intended. In
most cases, the modifications made were minor, for example, adding blue lines to more
clearly depict water. However, two items had to be replactdnew critical texts being

created.

All pictures were found to be easy to interpret, with no differences found between
conditions or adults and children. All reabrld target pictures (and readorld
alternatives, a special filler used in the countgrfalworld conditions) were found to
depict plausible ideas. Conversely, all counterfaetu@ld pictures were found to depict
implausible ideas. Some children approached the task in a very idiosyncratic manner,
such that three reaborld target picturesvere rated as implausible by some children,
since they felt that they personally would never see, for instance, a shark attack. Overall,
it seems the newly designed stimuli is fit for purpose and should allow for a valid

assessment of realorld and courdrfactualworld inference generation abilities.
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CHAPTER 4 AN EVALUATION OF THE IMAGE SELECTION
TASK

4.1 Introduction

This Chapteipreserd initial findings from a new inference generatiassessment tqol
the Image Selection TasWkST), which was developed to assesgatworld and
counterfactualvorld inference generation abilitiesa range of age groupko determine
the validity of the ISTas a measure of inference generatiatigons of data from the IST
are comparedvith patterns observedn an already widely used measure of inference
generation, the $gence Verification TasiSVT) to determine if the IST results in similar
time-course and skill patterns to the SVT.

4.1.1 Designing the Image Selection Task

ThelmageSelectionTask (IST)combines a selpaced readingSPR)methodology and
forcedchoice pictureselection taskFCPST) The IST is a computdrased assessment
that comprises 18 short storie9$1205 words long). Each story wasplit into three
sections, with the first two stans of each story ending withcritical text (inference
evoking/explicit). Readlig speeds of the critical text veerecorded to provide a measure
of the inferentiatime-course Each critical text wafollowed by a 2*ZFCPST in which
the taget and thee related fillers we presated. One of the fillers depictazkplicitly
stated information, to tap a common reason for inferential fatlliteral processing. In
the counterfactualorld conditions, one of the filleralso depictedthe realworld
alternative, to provide a measure of the seatld interference experienced when
processing counterfaabworld information. Number of errewasrecorded to provide

a masure ofinference skill Figure 4.1provides a schematic represaidn of the IST.

The IST was designed to capitalise on skrengths of existing measures. To allow for
the assessment of a range of age groagditioral demands we kept to a minimum by
using a simple pictorial response method to assess the inf¢makiuct. Additionally,
all text was created to be readable by CYP aged 9 years or less. Two tasks were combined
to allow for the efficient assessment of both infererstél andtime-course To promote
a natural reading processyitical texts were efmedded into stories and 8PR
methodology was employed to assess the inferetimia-coursewhilst reading with
minimal disruption Finally, the use of diagnostias opposed to randoriler pictures
allowed for an error analysis to be conducted, piiag insight into the reaworld
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interferenceexperiencedvhen generating counterfactuabrld inferences and possible

causes of inference generation failure when generatingvagéd inferences.
4.1.2 Evaluating the IST

The IST is basedn similartasks used by Ford and Milosky (20@008 and Schmidt
andParis (1978). The IST, with the addition of reading speeds and more complex stimuli,
is, a novel paradigmhowever, andhas not previously been used to assess inference
generation abilities. Thealidity of the IST as an ference generation measure neeided

be ascertained. Typicallthe validity of a compreherm measure ideterminedy:

x exploring wheher the measure taping those skills underpinning comprehension
correlates with and/or predgcvariance in a standardised reading comprehension
measure (predictive/concurrent validity; Marcotte and Hintze, 2@b@piro,
Fritschmann, Thomas, Hughé&McDougal, 2014, or

X comparing performance on the target measure with an already standardised
measure (construct validity; e.@arlson et al., 201Reed & Vaughn, 2012

The primary aim of this Chapter was to ascertairether the IST is able to measure
inference generation (construct validitf)hereforethe patterns obtained from the IST
were conpared with patterns obtained on a Sentence Verification Task (SVT). The SVT
was used as it has preusly beenemployedto assessealworld and counterfactual
world inference generation skill and tin®urse in adults and children (Bowy€rane &
Snowling, 2010; Graesser et al., 1998).

To be suitable for the assessment of -meafld and counterfactualorld inference

generatiorabilities during adolescence the IST must also meet the following criteria:

1. Assess the inference generation skill€ofP aged 910 yeardo adults
a. The IST should not result in ceiling or floor effects
b. The IST must be simple to use and all instructions clear
2. Assess the reaborld interference thought to bexperiencedvhen processing

counterfactualvorld information.

4.1.3 The Curent Study

The primary aim of the current study was to evaluate the newly designed IST to determine

if the ISTis a valid measure of inference generation abilities. Pattertimefcourse
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(reading speed) and skilhimber of errofsdata obtained frorthe IST were compared
with patterns ofime-course (response time) and skilu(nber of erronsdata obtainedn

the SVT.The ISTwasdesigned to be suitable for the assessment of a wide afrage
groups, specifically CYRged 910 years to adults. Feifficiency, two age groupsere
assessed in the current stud¥®year olds and adults, such that if the IST is suitable for
these two groups, ghouldalso be suitable for thosetermediate age group¥able 4.1

presents predictions made for each fask

1 The list of predictions in Table 4.1 is exhaustive. However, this is due to the complexity of the two
tasks used, such that faster response spedtie @V T would be indicative of an online inference
whereas slower reading speeds on the IST would be indicative of an online inference.
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Table 4.1. PredictionBr TimeCourse andskill
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4.2.Stage 1+Comparing Time-Course and Skill Patterns on the Sentence

Verification Task and Image Selection Task
4.2.1.Method

4.2.1.1 Participants

Thirty adults (mean age = 20.%2ars SD = 3.26, range = 183 years 21 females) and

thirty children (mean age = 9.9®ars SD = 1.03, range =20 years 17 females) were
recruited. Adults were recruited from Sheffield Hallam Universitylergraduate and
postgraduate courses, Sheffield and surrounding areas, and Nottinghamshire. All
undergraduate students received research credits for their participation. Children were
recruited from local schools and a sports group at a local leisuire .cah participants

were native speakers of English and did not have a known learning difficulty. All
participants had normal or corrected to normal vision and none were colour blind. None

of the participants recruited had taken part in Stu@igtapter3).

4.2.1.2 Design

An experimental mixed factorial design was employed. The betpasitipant
independent variables were age (Children, Adalial task (SVT, ISTisee Table 4.2
for distribution of participantsThe withinparticipant indpendent veables were
plausibility (Realworld, Counterfactualvorld) and inference type (Literal,0Berence
Elaborative). The dependent variables warmber of errors mad® SVT and ISTtime
taken to respond to the test item (measured in milliseconds) onaé@\diime taken to

read critical text (measured in milliseconds) on.IST

Table 4.2 Number of Participants Completing Each Task

Adults Children
Image Selection Task 15 15
Sentence Verification 15 15

Task
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4.2.1.3.Materials
4.2.1.3.1lmageSelection Task

A detailed description of the stimuli used in the Image Selection Task (IST) can be found
in Chapter 3.

The IST comprises three parts: 1) story text, 2) critical text, and 3) 2*2 fohmede
pictureselection grid. The participant movésdugh the task at their own pace, selecting
the picture that they feel best matches the critical text. A schematic representation of the

IST can be found in Figure 4.1.

Eighteen stories (all 19810 words long; mean = 203.44, S.1.98) deemed suitable in
terms of content and readability wereeated by the researcher (segp@ndix 4.1 for
readability and word length scores for all stories). All 18 stories designed for the IST
received a readability rating of 9 years or less (me@&81, S.D = 0.18). Six stories were
created to assess reabrld inferential processing abilities and six stories were created to
assess counterfactwabrld inferential processing abilities. Six additional stories were
created to assesgarticipant's sbrt-term memory of information explicitly stated in the
text (literal stories)examples of each stptype can be found in Table 4.8l stories

were designeth three sections, such that the first two sections ended with a critical text
and the finakection provided a story ending. All critical texts were 21 syllables in length
and either evoked an inference or, in the literal stories, explicitly stated the information

needed to respdro the test items correctly.
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Lily and Joo's spaceship
landed at the bottom of a

cliff. Suddenly the ground
shook.

Scif-Paced

The weight of the Self-Paced
spaceship had made the
cliff fall down.

Huge rocks were crashing
down all around them.
Finally, the giant rocks

stopped falling.

Sclf-Paced

Lily and Joe climbed out of
their ship. They looked

d. A large egg had
fallen to the ground with
the rocks!

Story Text

Sclf-Paced

Slowly Lily and Joe made Scif-Paced
their way over to the egg.

The giant egg began to

Test item

crack loudly. Soon, instead
of the egg there was a
small bear cub.

Scif-Paced

Figure 4.1 Schematic Representation of the Image Selection Task
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Table 43. Sample Text ReatWorld, CounterfactuaWorld and Literal Conditions

Realworld and counterfactuatorld stories were designed to asseesberence and
elaborativeinferential abilities. Subsequentlgach story contained one coherence
inferenceevoking critical text and one elaboratiieferenceevoking critical text. Literal
stories contained one critical text based on-veald information and one critical text
based on counterfactuaorld information. Inferengl abilities were indexed khyumber

of errorsandspeedat whichcritical text was read. The order of critical sentences within
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each story was pseudandomised (see Table 3,20 that any differencen inferential
performance could not be attributed to the position of the critical sen#ddiionally,

two versions of the stories were written, such that the second version of stories had the
converse arrangement of critical sentences. This mearththatory content had to be
changed slightly. Té number of words in version 1 and®the story always remained

the same. The general gist of the story also remained consistent, as did the readability
rating (mean rating version 1 = 8.79, SD = 0.19; nrating version 2 = 8.83, SD = 0.18;
t(17)=0.72p=0.48.

The stories were sorted into two progratug to two versions of each story being created

to ensure any differences between different conditions could not be attributesl to th
position of critcal sentenceEach program comprisedl8 stories. Each program
comprised only one version of each story, with programs organised such that each was

made up of:

X 6 stories presenting theoherencenferenceevoking critical text first (3real
world and 3couwnterfactuaiworld),
X 6 stories presenting thelaborativeinferenceevoking critical texts first (3 real
world and 3counterfactuaivorld),
X 3 stories presenting the reabrld literal critical texts first, and
X 3 stories presenting the countetizad-world critical texts first
Whilst all participants received stories in the same order, the order ewaodd|
counterfactualvorld and literal stories was randomised. The administration of programs
1 and 2 was also counterbalancedsas participants, seale3.2 for a summary of the

counterbalancing and randomisation of critical texts and stories.

A FCPSTfollowed each critical sentence. Participants were required to select the picture
that they felt best matched the preceding text as quickly and as&tgwas possible.

Figure 4.2 shows the format of theCPST as can be seen the task is comprised of four
guadrants, eactontaining gpicture. The top left quadrant has a yellow border, the top
right quadrant has a red border, the bottom left quadea Iblue border, and the bottom

right quadrant has a green border. On the number pad, blue, green, yellow and red stickers
were placed on keys 1, 2, 4, and 5, respectively, to mirror the quadrants on the screen.

Participants uskthese keys to make theselection.
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Figure 4.2 The Format of thenhageSelectionTaskTest Items

As can be seen from Figure 4.2, the FCPST comprised four pictures: the target (the correct
item which reflects the inference which could have been drawn or the information

explicitly stated in the critical sentence, in the case of literal items), and three fillers.

The task was presented on a HP ProBook Laptop usiRgnie software to present

stimuli and recorchumber of errorand response time (recorded in milliseconds).

4.2.1.3.2Sentence Verification Task

A schematic representation of the sentence verificatio&5K) can be found in Figure

4.3. The stories, critical sentences and comprehension questions use&WT there
identical to those used in the IST. Whegtevant, all of those design considerations that
aimed to minimise order effects in theT were also applied to the SVHlowever, the
critical text wasfollowed by a test sentence that participants had to judge as true or false,
examples of these semces can be found in Table 4Bhe test sentences appeared in

bold and two font sizes larger than the story text. If participants thought the sentence was
true they were insticted to press the key {'kvith a sticker on, if they thought the

sentence was false participants wererutged to press the key J'with a sticker on.
Inference generation abilities were measured by the time taken to make this true/false
judgment, response times were measured fhenpresentation of test stimuli to the onset

of tick or cross button press by the particip&humber of errors was also recordddhe

correct response in all of the inference items was always true. Thus, a TRUE/TRUE
response patterwas always correct fahe inference items. Therefore, in half of the

literal items the correct answer was false, such that correct response pattern was
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TRUE/FALSE for half of the literal trials. This is thensa design used by Bowy&@rane
andSnowling (2010) and has been d4e minimise the number of stories a participant

has to read.
- Story Text
Lily and Joe's spaceship Setf Pmed
landed at the bottom of a
o, Suddenly the ground
shook
Tha weight of the Sl Paced
spaceship had made the
A fall down
Huge rocks were crashing
down all around them Self Puced
Finally, the giant rocks
stopped falling
Lily and Joe climbed out of
their ship. They looked
around. A large egg had Solt-Facod
fallen 1o the ground with
the rocks! v
Slowty Lily and Joe made Sati-uced
their way aver 1o the egg

The giart egg began o

crack loudly. Soon, instead Sot-Pacad

of the egg there was a
small bear cub.

Critical Text  se——

n o

The bear cub
hatched from the

egq.

Test item

v

Figure 4.3 A Schematic Representation of the Sentence Verification Task
4.2.1.4 Procedure

Written consent was gainerbm all adults. The thretered method of consent, detailed

in Section 5.3.3was used to obtain consent fromdiildren All participants were tested
individually in a quiet aredrirst, the researcher engaged participants in small talk to make
them feel comfortable. Participants were then asked to move the kEoiopd on the

desk so that it was in a comfortable position for them. Participants were informed that
they would be helping the researcher to make sure that all of instructions were clear and
made senseParticipants were encouraged to let the researkhew if anything was
unclear or needed further explanation, or if they had any suggestions that would make the

instructions clearer.

Once the laptop was in place all participants were given the following instructions
(instructions were read aloud and appéaon the screen):
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Today | would like you to read some stories about Holly and
Ben. Holly and Ben are space adventurers that travel to planets

all over the universe.

At the end of each story, you'll be asked two questions so you
need to make sure thatyree reading the stories carefully. You
answer these questions using the tick and the cross keys. If you
think the answer is true you press the tick and if you think the

answer is falsgyou press the cross. Does that sound OK?

The whole story won't appean the screen at once, instead just
one or two sentences will appear on the screen. Once you have
finished reading and understood the sentences on the screen just
press the spacebar and you will then see the next set of
sentences. Does that make sendeage just read through these
sentences at your normal reading speed. Try and read the

storiesin your head
Participants completing the SVT then received the following instructions:

Every now and then you will see a sentence in bold. So this
sentence wilbe a bit bigger than the text before it. You need to
tell me if you think the sentence in bold is true or false based on
the story you have just been reading. If you think the sentence is
true based on the text you've just read you need to press the tick.
If you think the sentence in bold is false based on the text you've
just read you need to press the cross. You need to try and make
this true or false decision as quickly and as accurately as
possible. Does all of that make sense?

OK, please put a fingean the cross and a finger on the tick.
Conversely, pricipants completing the ISiieceived the following instructions:

Every now and then, the screen will be split into four sections,
with a picture appearing here, here, here, and here. You need to
tell me which picture you feel best matches the story you have

been reading. You need to try and make this decision as quickly
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and as accurately as possible. To do this you will use these
coloured buttons. If you think the picture that best matches the
text yowe just read is in this yellow box you press the yellow
button, if you think it's in this red box you press the red button,
the blue box you press the blue button, and if you think the
picture that best matches the text you've just read is in the green
boxyou press the green button. Does all of that make sense?

OK good, so put one hand over the coloured buttons and your
other hand over the space bar. Press the spacebar for a little

practice

Participants were then given 20 practice trials to allow thened¢orne familiar with the
coloured button response methatsee Section 3.1.1.4.3'he researcher monitored
participants' performance during these practice t@gald gave further instruction if
necessaryThe researcher was confident that all participaats finastered the response

method by the end of the practice trials.

The researcher ensured that all participants had understood the instructions and had a
clear idea of what they had to do before starting the expetigr@per.Participants

worked through he story text and critical text at th@wn pace. Once participants had
finished reading the criticaéxta screen witfa fixation point in the centre waresented

for 500ms, the & item then immediately followethis. Participants controlled the
presentation of the text using the spacebar. Each press of the spacebar caused the current

text to be erased and replaced with the next set of sentences.

A screen with the text 'PLEASE GET READY FOR YOUR NEXT STORY' apgea

for 1000ms before each story began. After every third story, a screen would appear
advising participants to take a break and have a stretch. Adults ¢echfile IST/SVT

in around 20mintes, whereas children took on average 30minutes to complete the
IST/SVT. Response accuracy was not signalled to ensure the tasks provided a measure of
current as opposed to learning ability. Positive encouragement was given to all
participantsregardless of performance (eygu're doing well). Participants were thanked

and debriefed. Each child was also given a goody bag, letter of thanks, and debrief letter

to takehome to their parents
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4.2.2.Results

4.2.2.1 Preliminary Analysis

Two versions of each story were createdensure any differences between different
condtions could not be attributed to the position of critical sentefberefore, story
effects were investigatéti On the SVT, o difference inresponse timesvas found
between Set 1 arfslet 2 for adultst((17) = 0.87p = 0.40 or children {(17) = 0.64p =

0.53. On the IST, here was found to be no significant difference between reading speeds
on St 1 and Set 2 for adults(L7) = .14,p =.89) or children {(17) = .41,p = .69. For

both the SVT and ISTherewasfound to beno difference between the number of errors
made on Set 1 arfflet 2 for adultst(17) = 0.53p = 0.59 or children{(17) =0.44p =

0.67). The dah from both sets of stories was, therefomlapsed.

4.2.2.2 Assessing the Inferentialime-Course IST ReadingSpeed and SVT
Response Time Measures

First, he data were inspected prior to analysis and all incorrect responseseweved.
Second, a@ata trim wagonducted, with all scores 2 standard deviations above or below
the participanfl V J Udad)n@ speed (IST) or response time (S¥Ban removed and

all scores 2 standard deviations above or below each itemsrgaidg speed (IST) or
response time (SVTjean removed. Whilst most outliers were evenly distributed across
all items andparticipants, some items resulted in more than 50% of errors/ouBa@rs.
children,item 5b was removed from tI®/T, and items 5b, 6a, and 11a were removed
from the IST. Foadults, items 4b, 6a, and 1@ere removed from the SVT, and item 6a
was removd from the IST. Overall, for children, 26.48% of daetreremoved from the
SVT, and 29.06%f data wereemoved from the IST. For adults, 19.20% of daae
removed from the SVT, antB.5%% of data wereemoved from thdST +a breakdown

of the percentagof data removed at eastage can be found in Table 4The error rates

in this study are higher than those found in similar inference geoestudies with adults
(e.g.Calvo & Castillo, 200&; 2001b;Casteel, 1993) and children (e.g. Bow@rane &
Snowling, 2010; Casteel, 1993). However, since this was the first time these tasks were

administered, it was expected that some modifications would be necessary.

12 analysis was conducted usitige trimmed data set (see Section 4.2.2.2.)
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Table 44. Percentage of Data Removed
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Using the trimmed dataet a participant mean sponse time was calculated fesch
condition for the SVT and participant mean reading speed was calculated for each
condition for the IST. Participant means were then used to calculate mean response times
and reading speedarfeach condition, see Table 4t6r SVT data and Table 4.tr IST

data.

Table 4.5 Mean Responses Times (and Standard Deviations)iliisddonds by Age,

Plausibility and Inference Type

Table 4.6 Mean Reading Speed (and Standard Deviations) ifisttonds by Age,

Plausibility and Inference Type

For the SVT, mspectiorof skewness and kurtosis statistics revealed that for most of the
conditions the da werenormallydistributed®. However, for the IST, a leptokurtic skew
was observed for literalcounterfactuatvorld, realworld coherence, realorld
elaborative and counterfactuabrld elaborativeeonditionsfor children and a leptokurtic
skew was observed for literal reabrld, literal counterfactualvorld, reatworld

coherence, and realorld elaborativeconditionsfor adults. ANOVA is argued to be

13z scores for skewness and kurtosis were flean 1.96, the leveliggested by Fiel(R005) for sample
sizes less than 200
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robust enough to deal with skewed data (Field, 2008.assumption of sphericity was

metfor the SVT VXFK WKDW ODXFKO\fV WHVW RIFowr8&€liHJJ L FL W
speeds, Mauchly\was violated for plausibility thference type. fierefore, Huynfreldt

statistics areeportedfor this analysi¥. Homogeneity of variance was not violat&avo
parametric ANOVAs were conducted to explore the effects of age, plausibility and

inference typ on esponsgimes on the SVT and reading speeds on the IST.

For the SVT, a 2 (Age: Children, Adults) * 2 (Plausibility: Rgébrld, Counterfactual
World) * 3 (Inference Type: Literal, Causal, Elaborative) mixed ANOVA was conducted.
A main effect of plasibility was observed, such that re@brld items were responded to
significantly faster than counterfactuabrld items F (1,28) = 104.88p < .001, 8
=.79. A main dfect of inference type wasbserved E (2,56) = 79.61p < .001, S0

= .74). Three psthoc pairwise comparisons veeconducted to explore furtheéfo
control for a Type | error, a conservative alpha level of .01 was set in line ittops
research (e.gCain et al.2004; Calvo & Castillo, 20GH; 2001bh. This apha level was
used forall posthoc analyses in thishesis There was found to be no significant
difference between the response time to coherence items and literalti{@8)s=(3.08,

p =.01). Elaborative items were found to be responded to significantly slower than literal
items € (29) = 11.63p < .00]) and coherence itemis(R9) = 9.48,p <.001). A main effect

of age was also found, with adults respagaignificantly faster than childreifr (1, 28)
=151.64p<.00], S3.89.

A significant interaction was obsexv&etween plausibility and age (1, 28) = 11.94p
=.002, S#8.30. Four ttests were conducted to expldvether. Children were found to
respond to realvorld items { (28) = 7.38,p < .00]) and counterfactuakorld items {

(28) = 16.62,p < .007 significantly slower than adults. Both adults and children were
found to respond to counterfactwabrid items significantly slower than reaforld items
(children:t (14) = 4.23p = .001; adultst (14) = 11.47p < .00]). An interaction between
inferene type and age was observéd2, 56) = 13.86p < .001, S3.33. Nine ttests

14 Girden (1992) suggest that HuyRleldt, not the Greenhousgeisser correction, should be used when
the estimates of sphericity are greater than 0.75, as in these casesaihlec@seseisser correction is
likely to be too conservative.
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were conducted to exploferther®. Compared to adults, children were found to respond
significantly slower to literal itemg (23.32) = 9.37p < .00]), coherence items (28) =
7.25,p < .00)) and elaborative itemg (28) = 11.64p < .00]). Adults were found to
respond to coherence items just as fast as literal ite(dd)(= 2.31,p = .04, whereas
elaborative items were responded to significantly slower than cateetdti4) = 3.88p

= .002 and literal itemst((14) = 5.94,p < .00)). The same pattern was observed for
children (iteral vs coherencé:(14) = 2.15p = .05; literal vs elaborative:(14) = 10.61,

p < .001; coherence vs elaborativél4) = 9.10,p < .00). An interaction between
plausibility and inference type was also obsetfeBix posthoc ttests were conducted
to explorefurther. Realworld coherence items were found to be responded to just as fast
as realworld literal items { (29) = 2.95,p = .0]). Reatworld elaborative items were
found to be responded to significantly slower than-vealld coherence itemg (29) =
5.56,p <.00]) and literal itemst((29) = 4.30p < .00]). The same pattern was observed
for counterfactualvorld items (coherence vs literak29) = 2.01p = .05 elaborative vs
coherencet (29) = 6.34,p < .00], elaborative vs literalt (29) = 7.67,p < .00). The
interaction between plausibility, inferentyge and age was not significaiit (2, 56) =
0.54 p=.58, S38.02.

For the IST, a 2 (Age: Children, Adults) * 2 (Plausibility: R¥&brld, Counterfactual
World) * 3 (Inference Type: Literal, Causal, Elabaraej mixed ANOVA was conducted.
Although neans suggest a trend for counterfattmorld critical texts fnean = 6011.71,
SD = 1744.68to be read slower thamal-world critical texts fnean = 5620.23, SD =
1790.50, asignificantmain effect of plausibility was not observdd (1, 28) =.96, p
=.34, S$3.04. Amain effect of inference type was observedZ, 56 = 3.71,p = .04,
S3.13. Posthoc pairwise comparisons revealed that there was no difference between
literal and elaboratig reading speeds(@9) = 0.69,p = .50. Coherence itemsere read
slower than literal and elaborative critical text®mwever, due to the correction applied
this did not reach significance ¢.03 for both comparison)sA main effect of ag@ was
observedF (1, 28) =7.06,p=.01, S3.23, with adults reading significantly faster than

15To explore change quantitatively, differences between adults and children for each inference type were
explored. To explore change qualitatively, differences between coherence, elaboralitezand

inference types were explored for adults and children separately.

16 Since this thesis is concerned with changes in-ime&se, coherence, literal and elaborative items were
compared for realvorld conditions and counterfacteabrld conditions.
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children.None of the remaining interactions were significgnt (.30 for all remaining

interactionstsee Appendix 2).

In sum patterns on the SVT suggest that coherence inferences are generated whilst
reading whereas elaborative inferences are suath that response times for coherence
items were just as fast as response times to literal items, whereas response times for
elaborative items were significantly slower than response times to both coharehce
elaborative itemsVisual inspection of mearmn the IST also supparthis assumption,

such that reading speeds were slower for coherence items compared to literal and
elaborative items, with no difference between literal and elaborative iteovgeud,

these comparisons ditbt reachsignificance. Counterfactualorld items were found to

be responded to significantly slower than +eakld items on the SVT, however, this
effect was not observed on the ISWhilst an interaction was observed between
plausibility and age on the SVT, when explored further results revealed that both adults
and children responded to counterfactwalld items slower than reaborld items,
although children responded slower than adults. An interaction between inference type
and age was also observed on the SVT, however, again the same patterns were observed
for adults and leildren, such tat both groups respondedbower to elaborative items
compared to coherence and literal items, with no difference in response times to
coheence anckelaborative items. Childreresponeéd slower to adults in all conditions.
These results suggdbiitcoherence inferences are generated online whereas elaborative
inferences are not by adults and childralthough this process may be more taxiog
children compared to adult#\n interaction was observed between plausibility and
inference type on the SVT but not the IST. However, similar to above, when the data was
explored the patterns suggested were the same as those suggested by the 3an effec
the IST +coherence inferences are generated online and elaborative inferences offline,
regardless of the plausibility of the information being processed. Therefore, whilst
interactions were observed on the SVT but not the IST, suggested infaimrgiaburse
patterns were similar across taskserall,the IST appears to be a valid measure of the
inferentialtime-course such that similar patterns were observed on the IST and SVT.
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4.2.2.3.Assessing Inferential Skill

For both the SVT and IST,¢émumber of errors made by each participant was calculated
for each condition. From this, the mean number of errors for each condition was

calculded, as can be seen in Table.4.7

Inspection of the skewness and kurtosis statistics revealed that fpiofrtha conditions

the data wer@ormally distributed. However, the adult reabrld and counterfetuat

world literal IST data werpositively skewed with a leptokurtic distribution. This is due

to very low error rates, with many adults often making no eaioafl in these conditions.
Mauchly's Test of Sphericity was not significant. However, homogeneity of variance was
violated such that the largest standard deviation was more than four times larger than the
smallest standard deviation. Due to the skewath and violation of homogeneity of

variance both parametric and rRparametric ANOVAs were conductéd

17 Both parametric and ngparametric tests resulted in the same patterns. Therefore, only parametric
results are reported.
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Table 47. Mean Number of Errors (and Standard Deviations) by Age, Plausibility, Inference Type and Task
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To explore the effects of age and task on the patterns eivogll and counterfactual
world inference generation a 2 (Age: children, adults® {Task: SVT, IST) *2
(Plausibility: realworld, counterfactualvorld) * 3 (Inference Type: literal, causal,
elaborative) mixed factorial ANOVA was conducted. A main effect of plausibility was
found F (1, 56) = 11.16p =.001, S3B.17), with more counterfactuatorld than real
world errors being made. A main effect of inferetygee was observedr(2, 112) = 5.38,
p=.02 S38.07. Three ttests were condted to explore furtherTherewas found to
be no difference betwedhe number of literal and coherence errors maf9) = 2.31,

p = .03, literal and elaborative erroreade t{ (59) = 2.44,p = .02, or coherence and
elaborative errors made (69) < .001p = 1.00. A main effect of age was observdd (
(1, 56) = 26.80p < .001, S3.32, with children making significantly more errors than
adults. There was no mairfedt of task F (1,56) = 0.41p= .53, S#8.01). None of the

interactions were significanp & .09 for all interactionstsee Appendix 4.3
4.2.2.4 Error Analysis

To explore the interferenaexperienced due to the activationreflworld knowledge

when generating counterfactuabrld inferences an error analysis was conducted. Given

the high error rates across both the IST and SVT, an error analysis was also conducted on
the realworld and liteal items to see if there weamyimprovements that could be made

to the stimuli.

42241. EKLOGUHQTV 'DWD

80% of the errors made in the counterfactuatld inferential conditions were realorld

interference errar - i.e. the selection of the realorld alternative instead of the
counterfactualvorld target. For instance, for item 4b, which evokes the inferéhee
leaves are redthree children chose the green tree (watld alternative) instead of the
red tree (coumtrfactualworld target). The high percentage of readrld errors suggests

that when drawing counterfactuabrld inferences, realorld interference may occur.

The remaining 20% of counterfactuabrld errors made by children are likely to be due

to ambguous stimuli, lack of understanding, or no inference/an erroneous inference
generation process. For instance, in item 2a (see Figujethelcritical sentence stated
that the river vas filled with coffee, with participanexpected to infer that thevar would

be hot. However, two children chose the warm river (Quad 1) instead of the hot river

(Quad 2) tsee Figure 4.4This may be because coffee can be served both hot and warm,
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or it could be that to the children both of the temperatures representdteo
thermometers in Quad 1 and Quad 2 reflected 'hot coffee.' To remove this amthguity
critical sentence was changed and instead of simply referring to the liquid in the river, the
critical sentence was modified to refer to 'the steaming liquid’. The picture with a warm
thermometer was also edited so that thermometer reflected a tarofggrature. Since

some of the errors thought to reflect raadrld interference could also reflect ambiguity

in the stimuli or a lack of understanding, several of these items were also edited to ensure
that counterfactualvorld errors are actually refleee of reatworld interferencgfinal

stories can be found in Appendixd

QUAD1 L

157
¥ N‘/j‘

)

LA,

Figure 4.4.Test Item 2a

Realworld errors were split into three categories: (1) picture ambiguity, (2) text
ambiguity, and (3) no inference drawn. An error was assigned tofahe ambiguity
categories if there was a consistent error pattém selection ofthe same (incorrect)

picture. By analysing the critical text and picture selected, a decision was made as to
where the ambiguity laid. For instance, item 9b statesiieahppo crossed the thin ice

(the intended inference wdsippos are heavyWith many selecingW KH pOLJKW KL
picture. This suggests that the issue was text ambiguity. Therefore, this item was changed
so the hippo was just standing on firm grouhthere was no consistent pattern of errors

made, errors were assigphto the no inference category%29f errors were attributed to
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picture ambiguity, 3% of errors were attrilited to text ambiguity, and 2® of errors

were attributed to no inferenceibg drawn.

In the literal condions, 100% of the errors made n@dikely to reflect the need for
pronoun resolution. Only one of these errors was in thearedd literal condition (item

13a). For item 13a (for which the intended target is: 'Holly spamBen') one child chose

a dog saying hello instead of Holly saying hello. This may be because the critical sentence
RQO\ vVDLG TXLHWO\ VKH VSRNH« 7KLV VHQWHQFH ZD
was the one speaking. The remaining errors werthe counterfactuakorld literal
conditions and the children consistently chose thewedld alternative. This suggests

that when working memory is taxede(iwhen the child needs to expend resources

engaging in pronoun resolution) children may ret@# realworld baseline.

42242. $GXOWSYTV 'DWD

91% of the counterfactuavorld errors made reflected reabrld interference The
remaining 9% of the counterfactuabrld errors made could reflect guessing and thus
may be indicative of either @sponse error or no inference being drawn. As with the
child data, realvorld errors were split into three categories: (1) picture ambiguity, (2)
text ambiguity, and (3) no inference drawn. The same process of category assignment
was used. 30% of the reabrld errors made by adults were attributed to picture
ambiguity, 40% to text ambiguity, and 30% to no inference being drawn. 100% of the
literal errors made by adults could be response errors, since, typically, only one

participant made the error

The eror analysis conducted shows that many of the errors made may reflect issues with
WKH VWLPXOL DV RSSRVHG WR WKH SDUWLFLSDQWV]S
necessary to amend some of the ambiguous stimuli. Stage 2 presents the findings of the

evaluation of the IST using the amended stimuli.

132



4.3.Stage 2+Comparing Time-Course and Skill Patterns on the Sentence

Verification Task and Image Selection TaskJsing Amended Stimuli
4.3.1.Method
4.3.1.1 Participants

30 adults (mean age25.63years SD = 8.05, range = 187 years 18 females) and 30
children (mean age = 9.9ars SD = 1.33, range =-90 years 16 females) were
recruited. Adults were recruited from Sheffield Hallam University undergraduate and
postgraduate courses, Shelff and the surrounding area. All undergraduates received
research credits for their participation. Children were recruited from local schools and a
sports group at a local leisure cen&k# participants were native speakers of English and
did not havea known learning difficulty. All participants had normal or corrected to
normal vision and none were colour blind. None of the participants recruited for Stage 2
had taken part in Stage 1 of this study or Stu¢@Hapter 3.

4.3.1.2.Design

The design wathe same as that employed in Stage 1.

4.3.1.3.Materials
4.3.1.3.1Modified Image Selection Task

Whilst the general design of the IST remained the same as in1Stageain character's
names were changed from Holly and Ben to Lily and dséhe researchewas made
aware of a children's TV show called Holly and Ben's Magic Kingdom. Several other
changes, regarding pronoun resolution and stimuli ambiguity, were also niladenip

the results of Stage The changes that were made did not affectezdrwith all stories
maintaining their original plot. All 18 storiegemainedetween 190 and 210 words long,
with all stories in Version 1 having the same number of words as Versioeah(=
207.00, SD = 2.06 All 18 stories received a readabilitgting of grade 3 (®years) or

less using Fry's readability formulgl€rsion 1 mean= grade 1.96, SD = 0.52; Version
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2: mean= grade 1.93, SD = 0.5%, thus after modificationsstories wee still suitable

for the youngest participan{See Appendix 4)5

The original IST was designed with 20 practice trials to familiarise participants with the
response method. To ensure participants were not just comfortable with the response
method but also the general design of the task a practice story was créaestoiy
followed the same format as all of the experimental stories, such that it was 202 words in
length and received a readability ratingleds than grade Gee Apendix 4.. Real

world literal and counterfactuavorld literal critical sentences weused in the story. If,

during the practice story, participants selected the incorrect picture, participants were
asked to explain their decision. The researcher then explained why this was not the correct
picture and which picture was correct. Very figavticipants selected the incorrect picture

on this practicélock.

Finally, it was decided that the comprehension questions should appear in blue text to
allow participants to easily differentiate between the story text and the comprehension

guestions. Ne@ther changes were made.

4.3.1.3.2Modified Sentence Verification Task

The stories, critical sentences and comprehension questions used in the modified SVT are
the same as those used in the modified IST. The design and format of the modified SVT

wasthesame as the SVT used in Stage 1.
4.3.1.4 Procedure

Consent was gained from adults and children in the same way as in Stage 1.
Administration of the modified IST and modified SVT followed the same procedure as
the adnmistration of the original IST an&VT in Stage 1. Howeverthe two main
characters were introduced as Lily and Joe not Holly and Ben, participants were informed
that the comprehension questions at the end of each story would appear in blue text, and

participants were asked to complete agtice story before reading the first proper story.

18 Readability of stories was measured using Fry's readability formula (Fry, 1968) instead of Hatcher's
book grading formula. Fry's rdability formula was used as it took into account not just length of word,
but number of syllables which has been found to be morelgladated to readability (e.dust &
Carpenter, 1980). Therefore, Fry's formultiksly to provide a more subtlegcurate measure of
readability.
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The modified IST/SVT took adults on averagerhutes and children 3fhinutes to
complete.

4.3.2.Results

4.3.2.1 Preliminary Analysis

Story effects were investigated since two versions of each \stng created. Analysis

was conducted to determine if one version of the stories was any more difficult than the
other. No difference in sponsdimes was found between Set 1 and Set 2 for adults (
(17) =0.39p=0.71) or childrent((17) = 0.58p = 057). There was also no difference

in reading speeds between Set 1 and Set 2 for ad(lfg)(= 0.92p = 0.37) or children

(t (18) = 0.16,p = 0.88. Nor was there found to be any difference between the number
of errors made on Set 1 and Set 2 for adtits7) = 0.41p = 0.69 or children {(17) =

0.25,p = 0.8]). Thedata from both sets of storieere, thereforegollapsed.

4.3.2.2 Assessing Inferentiallime-Course

The data werénspected prior to analysis and all incorrect responses were removed. A
data trim was also conducted with all scores 2 standard deviations above or below the
participant$ grand mean removed and all scores 2 standard deviations above or below
each items igand mean removed. Overdigr children, 17.46% of data weremoved

from the modified SVT, ah12.22% of data wememoved from the modified IST. For
adults, overall 7.78% of data weremoved from the mofied SVT, and 9.26% of data

were removed from tB modified IST +see Table &. for a full breakdown of data
removed. The exclusion rates observed are comparable to those found in similar inference
geneation studies with adults (e.§Galvo & Castillo, 200&; 2001b;Casteel, 1993) and
children (e.gBowyer-Crane & Snowling, 2010; Casteel, 1993).

Table 48. Percentage of Data Removed
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Using the trimmed data set, a participant mean response time was caltmiaadh
condition for the SVT ana participantmean reading speed was calculated for each
condition for the IST. Participant means were then used to calculate a mean response time
or reading speedf each condition, see Table 4i@& SVT data and Table 4.1for IST

data.

Table 4.9 Mean ResponsEmes (and Standard Deviations) in Milliseconds by Age,
Plausibility and Inference Type

Table 4.10 Mean Reading Speeds (and Standard Deviations) by Age, Plausibility,

Inference Type, and Task

Inspection of the skewness and kurtosis statistics revéaetbr mat of the conditions

the data wer@ormally distributed. However, the distribution of reairld literal scores

on the SVT for children was found to have a slight leptokurtic skewvever, this was

not severe ODXFKO\fV WHVW R lot \sigidfiddot. fot \All\ cah@itionsQ
Homogeneity of variance was not violated for reading speed data, but was violated, for
response time data such that the largest standard deviation was more than four times
higher than the smallest standard deviation. &the sample sizes are equal it is argued
that ANOVA is robust enough to deal with this violatiheld, 2013). Therefore, wo

parametricANOVAs were conducted.

A 2 (Age: Children, Adults) * 2 (Plausibility: Re&Vorld, CounterfactuaWorld) * 3
(Infererce Type: Literal, Causal, Elaborative) mixed ANOVA was conducted on SVT
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response times. A main effect of plausibility was obserte@ (28) = 17.17p < .001,

S8 .38, with realworld items(mean = 3068.22, SD = 988 4found to be responded
to significantly faster than counterfactuabrld items(mean = 3989.43, SD = 1174)91
A main effect of inference type was observéd({, 56) = 16.10p < 001, S8 .37).
Three poshoc ttests were conducted to expldiather. Coherence item§mean =
3308.14, ® = 1007.43 were found to be responded to just as fast as literal iter@an
=2942.11, SD = 868.7%)(28) = .09,p = .927. Elaborative item¢mean = 4336.22, SD
= 1443.57 were found to be responded to significantly slower than coherence ttems (
(28) = 4.69,p < .00) and literal itemst((28) = 4.79,p < .00]). A main effect of age was
observed (1,28) = 116.93p < .001, S3.81), with children responding significantly
slower than adults. None of the interactions were signifigant.81 for al interactions
tsee Appendix 4)7 Taken together, results suggest that coherence inferences are read
whilst reading, whereas elaborative inferences are not, regardless of age group and
plausibility of information. Counterfactuaborld information does gear to be more
taxing than realorld information, however, evidenced by the longEsponse timem

the counterfactuailvorld condition compared to the reabrld condition.

A 2 (Age: Children, Adults) * 2 (Plausibility: ReaVorld, CounterfactuaWorld) * 3
(Inference Type: Literal, Causal, Elaborative) mixed ANOVA was conduatetST
reading speed#\ main effect of age was foun# (1,28) = 21.22p <.001, S380.43,

with adults reading criticatextsfaster than children. A main effect of plausibility was
found F (1,28) = 12.15p = 0.002, S8 0.30, with participants reading counterfactual
world items significantly slower than reaforld items. A main effect of inference type
was also foundK (2,56) = 12.70p < 0.001, S8 0.3]). Posthoc parwise comparisons
found that coherence items were read significantly slower than both lité€28) & 4.64,

p < .00J and elaborative items$ (29) = 3.8, p=.001). There was no difference between
readirg times of literal and elaborative itemis(R9) = 1.24,p = .23). None of the
interactions were significanp (> .10 for d interactions xsee Appendix 8). Taken
together, results suggest that coherence inferences are read whilst reading, whereas
elaborative inferences are not, regardless of age group and plausibility of information.
Counterfactualvorld information does appear to be more taxing than-wedd
information, howeverasevidenced by the longer reading speeds for all inference types

in the counterfactualorld condition compared to the reabrld condition.
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4.3.2.3.Assessing Inferential Skill

For both versions of the task, the number obmrrmade by each participant was
calculated for each condition. From this the mean number of errors for each condition

was calculated, as can be seen in Taldl& 4.

Inspection of the skewness and kurtosis statistics revealed thatrfgiofriiae conditions

the data wer@ot normally ditributed, such that the data weresitively skewed with a
leptokurtic distribution. This is due to the low error rates observed in some conditions.
Mauchly's Test of Sphericity was significeot plausibility * inference tpe Therefore,

the HuynhFeldt statistic is reported. Homogeneity of variance was also violated, with the
highest standard deviation more than four times larger than the smallest standard
deviation for both sets of datBue to the skewed data and violatiof homogeneity of

variance both parametric and rRparametric ANOVAs were conductéd

19 Parametric and nonparametric tests resulted in the same patterns. Therefore, only parametric results are
reported below.

138



Table 4.11Mean Number of Errors (and Standard Deviations) by Age, Plausibility, Inference Type, and Task
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To explore the effects of age, task, plausibility and inference type a 2 (Age: adults,
children) * 2 (Task: SVT, IST) * 2 (Plausibility: reatorld, counterfactuaivorld) * 3
(Inference Type: literal, causal, elaborative) mixed ANOVA was condumtedrrors
made on SVT and ISTA main effect of plausibility was foun& (1,56) = 23.51p < .001,

S 8 .30, with more counterfactualiorld errors than realorld errors being made. A
main effect of inference type was fourkel(@,112) = 28.88p < .001, S3.34). Posthoc
pairwise comparisonund that more coherence err@tg29) = 6.27,p < .00]) and
elaborative errorg (29) = 7.18,p <.00]) than literal errors were made. There was found
to be no significant difference between the number of coherence abatalve errors
made { (29) = 1.58,p = .06. A main effect of age was observdd ((L,56) = 34.27p
<.001, S8 .38, with children making more errorsah adults. A main effect of task
was also observedr((1,56) = 7.84p = .007, S8 .12, with mae errors made on the
SVT than the IST.

A significant interaction between inference type and age was obsér(&d12) = 10.45,

p <.001, S#& .16. Nine posthoc ttests were conducted to explore this interaction
further®. Children were found to malsignificantly more coherence errot$%8) = 4.00,

p < .00) and elaborative errors (68) = 4.44p < .00]) than adults. However, there was
found to be no significant difference between the number of literal errors made by adults
and childrent((58) =0.63,p=.53. Adults were found to make a similar number of literal,
coherence and elaborative errgos>(.01 for all comparisonsChildren were found to
make significantly fewer literal errors than coherence ertd29j = 5.43p < .00]) and
elaboative errors {(29) = 5.65,p < .00)). There was no difference in the number of
coherence and elaborative errors made by childrg@®) = 1.79p = .08. This suggests
children find inferential, but not literal processing more difficult than adults. Similarly,
whilst adults find inferential processing no more difficult than literal processing, children

appear to find inferential processing more diffichkn literal processing.

A significant interaction was observed between plausibility and inferenceRy{ieo6,
109.58) = 3.88p=.024, S38.07. Nine posthoc ttests were conducted to explore this

20To explore change quantitatively, differences between adults and children for each inferenceeype we
explored. To explore change qualitatively, differences between coherence, elaborative and literal
inference types were explored for adults and children separately.
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interaction furthef!. Significantly fewer reaWworld literal errors than reakorld
coherence errors (59) = 2.82p = .009 and realworld elaborative errorg (59) = 3.83,

p < .00) were made. Similarly, significantly fewer counterfactwalrld literal errors
than counterfactuakorld coherence erroi$ (59) = 5.44p < .00]) and counterfactual
world elaborative errord (59) = 5.48p < .00]) were made. Participants were found to
make significantly more counterfactuabrld coherence errors than reabrld coherence
errors ¢ (59) = 2.91,p = .005 and significantly more counterfactualorld elaborative
errors than realvorld elaborative errorg (59) = 4.13p < .00]). There was no significant
difference between the number bferal errors made in either the reabrld or
counterfactualvorld condtions ( > .10 for all comparisonsThis suggests, regardless
of plausibility, adults and children find inferential processing more difficult than literal
processing. Similarly, whilst counterfactuabrld inferential processing appears to be
more difficut than realworld inferential processing, literal processing appears to be just

as easy when processing both +watld and counterfactualorld information.

A significant interaction was observed between inference type andrtézH.12) = 7.66,
p=.00L, S#.12. Nine posthoc ttests wee conducted to explore furth&ignificantly

fewer literal errors than coherence err@¥T:t(29) =4.75p < .001; IST1 (29) = 2.83,

p =.008 and elaborative error§YT:t(29) =5.43p <. 001; IST: t (29) =2.79 = .009

were made on the SVT and the IST. Significantly more elaborative errors were made on
the SVT compared to the IST (68) = 2.83,p = .006§. No other comparisons were
significant p > .03 for all comparisofsTaken togther, results suggest that elaborative
inference generation appears to be more difficult on the SVT than the IST, whereas there

is no difference for coherence and literal processing.

A significant interaction was observed between age and Fadk56) = D.95,p = .002,
S3.16). Four posthoc ttests wee conducted to explore furthe&zhildren were found
to make significantly more errors than adults on the SVY48) = 6.20p < .00J), whereas
there was no significant difference between the numberrofsemade by adults and
children on the ISTt(28) = 1.90p = .07). Adults were found to make a similar number
of errors on the IST and SVT (28) = 0.43,p = .67), whereas children were found to

21 Since this thesis is concerned with changes in-tmase, coherence, literal and aeladtive items were
compared for realvorld conditions and counterfacteabrld conditions.
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make significantly more errors on the SVT compareded$71 € (28) = 3.70p = .00]).
Taken together, results suggest that children find inferential processing easier on the IST
compared to the SVT, such that they perform at dikdtlevels on the IST.

A significant interaction was observed between infeeelype, age and task (2,112) =
3.42,p = .036, S8 .06. Twelve postoc ttests were conducted to explore further.
Children were found to make significantly more elaborative errors on the SVT than the
IST ({t (28) = 3.57,p = .00). Compared to aduf children were found to make
significantly more coherence errot$Z8) = 4.63p < .001) and elaborative errors(28)
=4.71,p<.00J on the SVT. Children were found to make significantly fewer literal than
coherence errors (14) = 5.41p < .00) and elaborative errors (14) = 6.07p < .00])

on the SVT. The difference between literal errors and coherence erfd43 € 2.86p

=.01) and elaborative errors (14) = 2.96 p = .01) also approached significance on the
IST. No other comparisonsere significantf§ > .01 for all comparisons None of the
remaining interactions were significapptX .01 for all interactionstsee Appendix 4).

Taken together results suggest that children, compared to adults, display difficulty on the
SVT more sdhan the IST when processing inferential items. Children appear to find the

generation of elaborative items particularly difficult on the SVT.

The processing of literal information appears to be no different forwesdd and
counterfactualvorld informaton. However, counterfactuaforld inferential processing
appears to be more difficult than reabrld inferential processing. It appednst children
perform at adultike levels on the IST, such that there is no difference in performance for
coherenceelaborative or literal items, regardless of aghen assessed using the IST.
Importantly, children appear to find inferential processing more difficult on the SVT
compared to IST, such thttey display particular difficujt with inferential processing

ard specifically elaborative processingnen assessed using the SVhis appears to be

the case for both reaforld and canterfactualworld information.

4.3.2.4 Error Analysis

4.3.2.4.1ChildrenfV (UURU 3DWWHUQYV
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Errors made in the counterfactwabrld condition were categorised into three conditions:
(1) reatworld interference, (2)iteral processingand (3) random guessing4% of
counterfactualvorld errors fell into the realorld interference category, sutat the
participant chose the rewalorld alternative instead of the correct counterfactuaild
target.18% of counterfactualvorld errors fell into thditeral processingondition.The

remaining 186 of errors fell into the random guess condition.

Thereakworld errors were categorised into four categdfied) literal processing, (2)

lack of knowledge, (3) picture ambiguity, and (4) no inference/response error. An error
was categorised as indicative of literal processing if the picture depictingnation
explicitly stated in the critical was selectet®% of the errors made in the reabrid
condition reflected literal processing. When completing the IST some patrticipants would
make comments sugdeg) a lack of knowledgete.g. .: KDW FRORXWQVHPORWU
was categorised as indicative of a lack of knowledge if such a comment had been made.
28.57% of errors made could potentially reflect a lack of knowletigfé. of the real

world errors made were categorised as picture ambiguity. For instandenio’a, one

child chose the picture of Joe saying hello to the whale, instead of the picture of the whale
calling. The image used lines to represent sonar, however, this may have been too
complex for the children. This itemvas modified; such that thigem was changed to
‘Suddenly Joe heard a loud Moo! Joe turned around to see watking towardshim.'

with the target picture depiog a cow mooing. Finally, 28 of the realworld errors were
categoised as response errorse. accidentally choosing the button next to the correct
one *or no inference being drawn resulting in a guess, due to no consistent error pattern

being observed.

60% of the literal errors made are likely to reflect misinterpretation of the picture.
However,this was widely spreadcross itemsuggesting there is no issue with any
particular picture. 20% of the literal errors made reflected avedtl error.As suggested

in Stagel, this may be indicative of children reverting to a-«eatld baseline whetheir
working memory is taxed and/or they are unable to make a decision. Finally, 20% of the

errors made couldebindicative of response errors.

22 These categories are different to those in Stage 1 as clearer patterns were revealed.
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4.3.2.42Adulsy (UURU 3IDWWHUQV

75% of the errors made in the counterfactuatld condition were categorideas real
world interference errors. The remaining 25% of errdemonstrated no clear pattern,
thus are likely to reflect guessing or response errors. Errors made in tnoriehand
literal conditions, were rare and widely spread meaning error asagsld not be

conducted on thesiata.

Overall, the error analysis conducted suggests that a) the modified stimuli are more
suitable than the original stimuli, such that ambiguity and the need for pronoun resolution
appears to have been reduced; ane&hworld interference is likely to be a major cause

of difficulty, for both adults and children, when generating counterfagtodd

inferences.

4.4.Discussion
The Image Selection Task (IST) is a novel paradigm specially created for this thesis to
assss inference generation abilities during adolescence. This study sought to evaluate the
effectiveness of the IST as a measure of inference generation by comparing the results of
the IST with the results of a timed Sentence Verification Task (SVT) congptisgrsame
stimuli. In Stage 1, patterns on the I1&Fgely mirrored those on the SV However,
counterfactualvorld items appeared to be more cognitively demanding thaswierdd
items on the SVT but not the ISThe high error rates and error analysismaucted
suggested that amendmetdghe stimuli were necessaiy. Stage 2¢onsistent with the
predictions madetime-coursepatterns on the IST largely mirrored those on the SVT.
However,in conflict with the predictions madéhere were some differences when
exploring theskill (number of errorsfata. Specifically, children appearto find the
SVT more difficult than the IST, experiencing particular difficulty when processing
elaborative inferences. These differences maydlbe to the pictorial versus textual
presentation of test itemA&s discussed below, this does not minimise the validity of the

IST as a measure of inference generation.

4.4.1.The Image Selection Task as a Measurktloe Inferential Time-Course

The Constuctionist Theorysuggests that thosesatworld inferences needed for

coherence are generatedilst reading (onling whereas elaborative inferences are
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generated with strategic effoafter reading (offline;Graesser et al., 1984Research
exploring canterfactuaworld inference generation, suggests that children generate
counterfactualvorld coherence inference®nling whereas adults generate all
counterfactualvorld inferences offline (Bowye€rane & Snowling, 2010; Graesser et
al., 1998).Realworld patterns on both the IST and SVT were consistent with the
Constructionist TheoryHowever, patterns on both the IST and SVT, suggest that both
children and adults generate those counterfaetoald inferences needed for coherence
whilst reading As will be discussed further in Chapter 7, the difference between the
findings of the currentesearchand previous research may be duethodological

differences in stimuli used

In line with previous research wtaspredicted that adults and childretould respond to
counterfactualvorld items significantly slower than reaforld items on the SVT and
read counterfactuaborld items significantly slower than reaforld items on the IST,
indicating that the processing of counterfactwalld informationis more demanding
than the processing of reabrld information(e.g. Ferguson, 2012)This was not the
pattern of results found in Stage 1, such that whilst means suggested countenfadtlal
items were read slower, there was no significant differdreteveen realvorld and
counterfactualvorld reading speeds on the IS7owever, in Stage 2, after amendments
to the stimulj counterfactualvorld items were responded to significantly slower than
reatworld items on both task§his suggests thatoherencenferences are generated
whilst reading, regardless of plausibilitipweverthis processappears to benore
cognitively demanding for counterfactuabrld, compared to reaborld information. In
sum, inferential timecoursepatterns were the same on bdfie IST and SVT. This
suggests the IST is a valid measuf¢he inferentialtime-course in adults and children,
for realworld and counterfactuatorld information.

4.4.2.The Image Selection Task as a Measure of Inference Generation Skill

Previous res@rch suggests th#te generation of elaborative inferencemisre difficult
thanthe generation afoherence inferences.§.BowyerCrane & Snowling, 2010; Cain

& Oakhill, 1999; Cain et al., 2001 The interaction between inference type and age,
revealel that this was not the casethe current studyhowever, such that on both tasks
a similar number of coherence and elaborative errors were Médist there was no

difference within the tasks, significantly more elaborative errors were made on the SVT
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than IST. The first possible interpretation of these results is the stimuli used in the current
research did not evoke the necessary @rfee types. However, stimuli wecarefully
designed to evoke target inference types, with the results of Chaptgoesting that
coherence infereneevoking sentences evoke coherence @rfees and elaborative
inferenceevoking sentences evoke elaborative inference generatioa. s€keond
interpretationis that the difference in difficulty observed in previous resesrcue to
differences in the demands ofh@yence and elaborate inferereeking stimuli not
present in the current research. As discussed in more detail in Chapter 7, previous research
typically explores knowledgebased elaborative inferences, but teased coherence
inferencesThird, it is possible thahe use of pictures encouraged participants completing
the IST to create a pictorial mental modgiven that the static properties assessed in the
elaborative condition were largely visual, elaboratifierence generatigrparticularly,

on the IST may have been aiddéy the construction of a multhodal mental
representationln sum, it appears thdahe generation of knowleddgesed elaborative
inferences is no more difficult than the generation ofvledgebased coherence
inferences, particularly when elaborative static properties are assessed using pictorial

stimuli.

Previous research shows that inference generation skill increases wighgaBarhes et

al., 1996; Casteel, 1998aknhill et al., 203). However, whilst children were found to
make more errors than adults on the SVT, adults and children were found to make a
similar number of errors on the IST. This was due to children making significantly fewer
errors on the IST compared to the SVT andas adults made a similar number of errors

on both tasks. Previous research finding that inference generation skill increases with age,
converges to suggest the ability to generate inferences unprompted, improves with age,
as opposed to basicfarence gneration skill +i.e. young children are capable of
generating the same inferences as adults, but do not do so unless pr@nmaeddn et

al., 1978; Pariset al.,1977). Since demands are likely reduced in the IST compared to
the SVT, children may havlad more resources available to focus on refee
generation * specifically elaborative inference generatienexplainng the superior
performance observedhe current studythus highlights the necessity of rearbal

methods of assessment.

Consistent wth previous research, the error analysis conducted suggested thvednidal

interference was the primary cause of inference generation failure when generating
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counterfactualvorld inferences. Research suggests that counterfagturéd text
processing bexmes more difficult withage (Ceci et al., 1981; Dorfmah988). It was,
therefore, predicted that counterfactual inferergiall would be significantly worse for
adultscompared tachildren on both the IST and SVT. However, this was not the case,
such hatboth groups madmore counterfactualorld errors than realorld errorson

the IST and SVT As discussed in more detail in Chapter 7, this may be due to
methodologicaldifferences in the stimuli used to assess the counterfastréd

inference genetmn abilities of adults and CYP in previous research.

4.4.3.Conclusion

The current study was conducted to explore the vliofi the IST a novel paradigm
designed to assess inference generation abilifiier some modifications,he IST
resulted in the samaferential timecoursepatterns as the SVT. Whilst some differences

in number of errorswere observed between patterns on the IST and SVT, these
differences may reflect differences in task demands, such that the IST pronsotes th
construction of a more enriched mental model more so than the SVT. Similarly, the IST
reduces task demands allowing for a purer measure of inference generation skill, resulting
in children performing significantly better on the IST than the SVT. Thett&h,also
appears to be a valid measurerdérence generation skill. Subsequently, the IST wa

used to assess inference generation abilities in this thesis.
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Part 3: Using the IST to Explore Inference
Generation during Adolescence A Series of
CrossSectional Studies
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CHAPTER 5 METHODOLOGY FOR STUDIES 35

5.1 Introduction

The aim of this research is to explore re@krld and counterfactuatorld inference
generation abilities duringdolescencePart 1 of this thesis reviewed currétdrature in

the area. Part 2 focused on the design and evaluation of an inference generation task
suitable for the assessment of both «gatld and counterfactualorld inference
generation abilities during adolescence. This resulted in the creatitime oimage
Selection TaskIST). Part 3 of this thesistilises the IST to explore how inference
generation abilities develop duriagolescencand the skills and processes underpinning

this development. The purpose of this Chapter is to describe, eyandtgustify the

research methods used in Studies 3, 4 and 5 (Chapters 6, 7 and 8, respectively).

5.2 Design

When studying ageelated changes three designs can be employed: 1}sgoissnal 2)
longitudinal, and 3) sequential longitudinal or sequdial design would have been
preferable sinceepeated assessment of the same patrticipdiotss for the assessmen

of changes over time. Howeveypically, research exploring reading compnaeien and

related skills employime intervalsof no less than one year (ekgm, Wagner, & Lopez,

2012; Seigneuric & Ehrlich, 2005; Verhoeven & van Leeuwe, 20D8¢ to the time
constraints of this PhD, neither appch was feasible. A crosgctional design was thus
employed in this researdiross-sectional designs assess aathpare several age groups
Crosssectional studies are popular as all of the necessary data can be collected relatively
quickly. However, since each child is only tested once, firm conclusions regarding
individual developmehovertime cannot be made. Although, attemptsudtide made to

control for confoundingvarialdes, differences between aggoups could be due to
discrepancies in the educational, economical, or smdioral experiences as opposed to
agerelated experigces €.g. Salthouse, 2010 For instance, 11 year olds could show
superior performance compared to 9 year olds, however, this could be due to the 11 year
olds receiving a higher quality education than the 9 year olds rather than an improvement
in said skil betweenthe ages of 9 and 11 years. Every attempt was made to control for

these variables in the current stuadydiscussed in Section 5.3
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5.3 Participant Recruitment
5.3.1.Selection of Age Groups

Four age groups were selected to take part in this researchiQlyear olds, (2) 112

year olds, (3) 134 year olds, and (4) 18 years and owafhen exploring development

and possible stages of clyanit is essential that the aggnge chosen reflecthe point in
development where the change is expected to occur (Harris, 00t many Primary
School CYP appear to have typical literacy abilities, government statistics suggest that
some of these CYP begin to struggle in Secon&atyool(Departmat for Education,
2015; 2015h. Additionally, research shows that whilst adults struggle to generate
counterfactualvorld coherence inferences onlin€YP aged 910years do not (e.qg.
BowyerCrane & Snowling, 2010; Graesser et al., 1998). This finding esigga
conceptual shift in the processing of counterfactalld inferential abilities, with this
period of change occurring betwee®years and adulthood. Thiais set the upper and
lower agerange of participants for the researth16 years is thage at whicfCYP are
preparing for their GCSEs and other equivalent exams. As such, schools can be reluctant
to release CYP from their studies during this tifRertunately research suggests little
developmentn those key skills explored in this thesisring 1416 years (e.gRromine

& Reynolds, 2005)Therefore, it was decided to assesH9year olds, 1112 year olds

13-14 year olds and adults (18 years and over).

5.3.2.Sample Selection

Sample siz€50 participants pegroup)was determined biarrisq ) rule of thumb
such that for every predictmariableten participants are needéddSample size in this
study is thus higher than that used in amdevelopmental studies (eBpwyerCrane
& Snowling, 2010.

This thesis is concerned with th#evelopment of inferential abilities in typical
developers; therefore, recruiting a sample reflective of the typical UK selgeol

population was important. Research suggests that socioeconomic status is predictive of

23 Originally working memory was a predictor variable not control variable.
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literacy abilities, such that thoseon a lower socioeconomic background may be
disadvantagedJéfferson, Gibbons, Rentz, Carvalho, Manly, Bennet & Jones,; 2011
Rowe & GoldinMeadow, 2009; Zhang, Tardif, Hong Li, Liu, McB&aChang, Liang &
Zhang, 2013). fere isalsoa strong link betweenaehing practices ahliteracy abilities

(Bui & Fagan, 2013. To gain a representative sample it was important to recruit
participants fom a range of socgzonomic backgrounds and educational institutions,
which, despite all following the National Curricwmh, may implement different teaching
strategiesTherefore, gery mainstream Secondary School in the South Yorkshire area
(84; and one school in Derbyshifgwas invited to take part in the researthere was a
response rate of 11.9§ with ten Secondar$chools agreeing to take part. Five Year 7s
and five Year 9s were selected from each scHeatry mainstream Primary School in
Barnsley was also invited to take part in the rese@@h There was a response rate of
10%, with eight Primary Schools agnegito take part. 5 Year 5s were recruited from the
majority of Primary Schools, ten Year 5s were recruited from one Primary School and
eleven Year 5s were recruited from another Primary School. Tabl@résknts a
summary of characteristics for each sdh@&articipantsvere recruited from a range of
areas, thus it is likely that a diverse sampligh regards to socioeconomic backgrounds
and teaching strategiewas obtainedVariation in teaching strategy, in particular may
not have been achieved if plrticipants were recruited from the same schbehchers

or year heads (for secondary schools) were all given criteria to helptgaideelection

of children and young peopl&he researcher was not involved in pupil selection after
this point, with glecting participants in line with this criteria the responsibility of the
school. The criteria given to schools along with a ratiorsadetlined below.

Table 5.1 Summary of School Information

24 This was due to researcher error such that a school in Derby was confused with a school in Sheffield
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School Area No. and Ageof Percentage of

participants Pupils Eligible
recruited for Pupil
Premium
Primary 1 Barnsley 11 Year 5s 70.1%
Schools
2 Sheffield 10 Year 5s 10%
3 Barnsley 5 Year 5s 5.8%
4 Sheffield 5 Year 5s 55.9%
5 Sheffield 5 Year 5s 34.5%
6 Sheffield 5 Year 5s 16.4%
7 Sheffield 5Year 5s 37.2%
8 Sheffield 5 Year 5s 49.7%
Secondary 1 Sheffield 5 Year 7s 27.6%
Schools 5 Year 9s
2 Sheffield 5 Year 7s 52.0%
5 Year 9s
3 Rotherham 5 Year 7s 31.5%
5 Year 9s
4 Rotherham 5 Year 7s 23.4%
5 Year 9s
5 Rotherham 5 Year 7s 23.8%
5 Year 9s
6 Rotherham 5 Year 7s 38.8%
5 Year 9s
7 Doncaster 5Year 7s 18.3%
5 Year 9s
8 Doncaster 5Year 7s 45.4%
5 Year 9s
9 Barnsley 5 Year 7s 33.9%
5 Year 9s
10 Derby 5 Year 7s 34.7%
5 Year 9s

A variety of other factors have been found to impguin literacy developmenivhich
have guided selection criteri@riteria 1: Children must be typical developers, such that
they do not have a known learning difficulty and/or exceptional reading abilitiese

with known learning difficulties may fallithin the typical range for literacy abilities,
but may be employing qualitatively different strategies to those without learning
difficulties (Graham & Bellert, 2009; Ricketts, Jones, Happe, & Charman, 2Dit&xia

2: Children should be selected frarrange of family backgrounds, ethnicities and both
genders. Research has found correlations between literacy abildéied family
backgroundethnicity and gender (Denton, Wolters, York, Swanson, Kulesz, & Francis,
R2014 Lindo, 2014. Criteria 3: Children should be native speakers of Engligsearch
shows that children with English as an additional language (EAL) displagatiferacy
development (e.durgoyne, Whiteley, & Hutchinson, 2011; 201G)iteria 4: Children
should not be colour blind tiave any other (necorrected) visual impairmentsh& IST

requires participants to use coloured buttons to make their selettiosum,schools
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were asked to select a sample of children who varied in regards to literacy abilities (but
did not have a know learning difficulty or exceptional literacy abilities), family
background, ethnicity, and gender, were native English speakers, and were not colour
blind.

Adults were recruited from Sheffield Hallam University. Research suggests that
university studentare not representative of the adult populatsuch thatompared to

the general population, this groupvieahigher literacy skillje.g. Kuczera, Field &
Windisch, 201%. Whilst a representative adult sample would have been desirable, with
regards to aailability a student sample wasost @nvenient to recruitAll adultswere
native English speakers, did not have a known learning difficulty and were not colour
blind.

To conclude, to ensure a representatisen@e of typical developers wasbtained
multiple schools frondifferent socieeconomic backgrounds utilising different teaching
methods were recruited. Within each schdo¥P with a range of literacy abilities,
ethnicities and genders were selectlll participants spoke English as a first laage

had no known learnindifficulties and none were colodnlind.

5.3.3.Ethical Considerations

Ethical approval for this project was gained from the SHU ethics committee, with these
and the BPS ethical guidelines being adhered to througbeaitAppendix 5.1A three

tiered method of obtaining CYP consent was employed: initially consent was obtained
from the schoglthen the & <3V S brdiHM@IW the CYP (see Appendix 5.2 for
information sheets, consent forms, and debrief forms fagaligroups All schools were
approached in the same way. An email was sent to all schools, briefly explaining the study
and asking if they would be interested in participating. If schools responded a meeting
wassetup (typically with the head teachertwead of year) to discuss the research. If the
school was happy to participate at the end of the meeting, they were given an information
pack containing details of the research and tasks to be undertaken, a school consent form
to be signed by the head teachand parental consent forms. Schools sent out and
collected the parental consent forms for the researcher. Once informed, written consent
from the school and parents was obtained a date for data collection was confirmed with

all school staff who wouldéaffected. During the first data collection session written,
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informed consent was gained from each CYP. In every session following, verbahttons

was obtained. See Figure 5fdr a summary of the CYP recruitment process.

Researcher
meets with
school to
discuss
research
further and
any of
school’s
questions

Schoaol give
informed
written
consent and
send out
informed
consent
sheetsto
parents

At the start of
second
session young
person
provides
verbal
consent

At the start of
sessionone
young person
provides
informed,
written
consent

School
contacted
about
research and
invited to find
out more

Parents
provide
informed,
written
consent

Figure 5.1 Flow diagram of tle CYPrecruitment procedure

Adults were recruited througan advert orthe Sheffield Hallam University psychology
research participatioschemeAdults were invited to discuss the research further and, if
happy to take part, a time and date was arrangefdr®the initial data collection session
adults wereggiven an information shedétllowed bya consent forminformed, written

consent was gained from all adults.

Regardless of age, the information sheet and consent form was read aloud to all
participants Each task was also explained to all participants beforggheidertaken,
participants then had to confirm thiaey were happy to coplete the tasRiVhilst positive
encouragement wagven to all participants (e. \RXJfUH GRLQJ ZHOO  3NHH
EHVW ™ SDUWNLtRd GEQMEYP, gaurerids or schools) were not advised of their

individual performance on any task.

5.4.Cognitive Assessment of Inference Generation, Underpinning Skills and
Processes, iad Higher-Order Literacy Skills

5.4.1.Introduction

Part3 of the thesis is concerned with the exploration of inference generation abilities
duringadolescenceThreeresearch studies were conducted: 1) exploration of the role of
inference generation ireading comprehension and text production duadglescence

2) the development of inference generation abilities during adolescence, 3) the
development and role of those cognitive skills underpinning inference generation during
adolescencelhe data foall studies were collected at the same time point (although this

comprised two segms) The following sectionsaddress issues concerning the
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administration of a large battery of cognitive tasks, in addition to describing, evaluating,

and justifying the agnitive test battery used.

5.4.2.Administration of the Test Battery

The tasks were presented in the same order to all participants so as not to advantage or
disadvantage any participaiithe order of task administration was designed to minimise
fatigueand boredom, such that similar tasks weve presented one after another and
participants were assessed over two sessions. The first session was an individual session
and the second a small group session (for some adults, two individual sessedmslayer

In addition to reducindgoredom, the splitting of tasksrass two sessions was also
undertakerto reduce carrpver effects between tasks uiiig the same informatior:

e.g.inference generation and knowledge taSlee Appendix 5.8r order oftasks.

5.4.3.Measures

Each participant completed all assessments discussed in this séahten5.1 provides

a summary of the measures used.
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Table 5.1 Summary of Masures
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5.4.3.1.Inference Generation

As detailed in ChapteB and 4 a new task was developtrassess inference generation
abilities in this studylmage Selection Task (IST). Participamtere presented with a

series of storiesn which critical texts followedoy 2*2 picture selection tasksvere
embedded. Participants select the picture that best matches the text they have just read.
Critical texts evoke either realorld coherence inferential processing, +eakld
elaborativeinferential processing, reaforld literal processing, counterfactuabrld
coherence inferential processing, counterfaetuaild elaborative inferential processing,

or counterfactualorld literal processing. Number of errors and reading speed (in

milli second$ were recorded.

5.4.3.2. Control Measures
5.4.3.21. NonVerbal and Verbal Reasoning

Consistent with previous developmental research, this study sought to control for
intelligence €.g., Cain & Oakhill, 19992006a; 201}l The Matrix Reasoning Subscale

of the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) was used to
assess noewerbal reasoning. In this task, participants were presented with a pattern with

a piece missing. Participants must select the migsetge from a choice of five pictures.

The Vocabulary Definitions Subscale of the WASI was used to assess verbal reasoning.
Participants hear a word. They then define it. These subscales&lected sincehe

WASI was designed for easy and efficient 8838¢PHQW RI1 D Q nteQeGtiaY L G X D |
functioning. Subsequentlyvhen combinedthese two subscales are able to provide a
measure of full scale IQvital given the relatively large test batteand time constraints.

The WASI isalsosuitable for theassesment of 689 year olds. Specificallyhe matrix
reasoning subscale was chosen over the block design subscale since it is untimed and does
not disadvantage any of the younger participants. Combined, the matrix reasoning and
vocabulary definitions subskes can be easily and efficiently administered to a wide

range of age groups provide a fulscale measure of 1Q

5.4.3.2.2Working Memory

Working memory has been implicated in the reading comprehension praugss
highlighted as central to the iménce generation process throughout Chap{&ixon,

Lefevre, & Twilley, 1988;Engle, Cantor, & Carullo1992; Goff, Pratt,Ong, 2005;
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Masson & Miller, 1983Stothard & Hulme, 19925inger, Andrusiak, Reisdorf, & Black,
1992; Singer & Richot, 1996)\Vhitney, Ritchie, & Clark, 1991)Baddley andHitch
developed the Working Memory Model in 1974 which suggests that working memory
comprises several components: (1) Central Executive, (2) \8patial Sketchpad, (3)
Phonological Loop, (4) Phonological Storeddb) Articulatory Control Process. Three
types of working memory are commonly discussed: general, verbalisunal (spatial).

The importance of working memory in the inferential and comprehension processes has
been found to vary as a function of the sfpeaspect of workng memory being assessed
(e.g.Cain & Oakhill, 2006a; De BenPalladino, Pazzaglia, & Cornoldi998; Kershaw

& Schatschneider, 2012; YuilDakhill, & Parkin1989). Verbal working memory has
been most strongly linked with inferengeneration and reaaj comprehension (e.g.
Baddeley, Logie, Nimm&mith, & Brereton, 1985). This is unsurprising given that
successful completion of verbal working memory tasks is often dependent oncsente
comprehension skills (e.gDaneman & Carpenter1980; Siegel & Ryan, 1989).
Establishing the relationship between verbal working memory and inference generation
and comprehension is, therefore, difficult with results likely to be biased and
multicollinearity high. The role ofyeneralworking memory haseen implicated in
reading comprehension and text production, such tielstwthe reader may rely on
several skills to integrate information and create a coherent mental representation, when
working memory capacity is limited all of these skills cannotifilesed (Kintsch & van

Dijk, 1978; Oakhill & Cain, 2011; van den Broek, 2012). Subsequently, working memory
constraints exert a generasktrictionacross the comprehension and inference generation
processes that is not limited to verbal processing ghnimneasure of general working

memory capacity, specifically one distinct from comprehension skill, was thus required.

The Backwards Digit Span Task from the British Ability Scdlesas chosen to assess
working memory in the current researéiliptt, Smith, & McCulloch, 1998. In this task,
participants hear a series of digits, which increase in length on each trial. Participants
must recall the digits in reverse order. Accuracy is recorded. The backwards digit span
task is argued to provide a generalasiere of working memory capacity, such that the
need to maintain and manipulate information places high demands on the attentional
element of working memory (Gathercole, 2008). Moreover, it is not dependent on
sentence comprehension skills (Case, Kurlan@d&dberg, 1982) and is quick and easy

to administer.
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5.4.3.23. SingleWord-Reading

In the current researcthe York Assessment of Reading for Comprehension (YARC)
Primary and Secondary was used to asseggeword reading(Snowling, Stothard,
Clarke, BowyetCrane, Harrington, Nation, Truelove, & Hulm2009; 2010. See
Section 5.4.3.3.1. fqustification and descriptian

5.4.3.3. HigherOrder Literacy Measures

5.4.3.3.1. Reading Comprehension

A range of standardised measures exist to assess readmpgehensioability in CYP.

In the current researcthe York Assessment of Reading for Comprehension (YARC)
Primary and Secondary was used to assess reading ébiliyling et al.2009;2010.
Participants are presented with a page of words and read the words they know. Accuracy
is recorded providing a measure of singleord-reading ability. Passage readability is
thenseleWWHG EDVHG RQ WvKrbhreadiagfalility LTQeJcDild reads thassage
aloud(silently in secondary versionJime taken to read the text is recorded providing a
measure of reading fluency. Participants are then asked a series of literal and inferential
questions Participants respond verballccuracy is recordedrpviding a measure of
reading comprehensioifthe YARC employs an penended question formaallowing

for the qualitative analysis of answers. Possible causes of comprehension failure can thus

be explored. The YARC also has other advantages.

First, many dher tools used to assess reading place heavy demands on decoding skills
(Sponner et al., 2004). For instanocethe Neale Analysis of Reading Ability (NARA,
Neale,1999;Neale, Christophers, & Whetton, 19§sarticipants begin reading the same
passage. Aditional passages are then read until a certain number of reading errors are
made. Assessment of reading comprehension can thus be-eoftisueming process.
Conversely, for those with weak decoding abilities the testing will stop very quickly.
However, he YARConly requireswo short passages to be read and these are determined
by the particiD QW YV SHUIRU P D @brdrdadingwakkiVokeaver, forHlose
with particularly weak wordeading abilities supplementary passages are provided.
These pasgyes are read aloud and errors corrected. Therefore, weak decoding ability does
not impair comprehension performanc8econd by combining the Primary and
SecondaryfARC sets a relatively wide agange can be asssed (4.6 years)Although
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the YARC Secodary is not designed for the assessment of adult reading comprehension
abilities, it was decided that this task would also be used to assess adults in the current
study to ensure consistency and thus comparability. The YARC Secondary was piloted
on adults(n=5) and ceiling effects were not @pged on either the singlgord-reading

or passage reading tasks.

5.4.3.3.2 Text Production

A narrative production task from picture prompts was used to assess text production skills.
Participants were given Iflinutes to write a story based on six black and white line
drawings, using the same characters as those in the IST. Picture prompts were used since
these have been successfully used with different age groups iraoaive production

tasks (e.gShapiro& Hudson, 1991) and written language taskg.(@ain, 2003). Asking
participants to write without such prompts can disadvantage those with limited experience

or stay exposureTo assess the quality of the text productions the Wechsler Objective
LanguageDimensions analytic scoring system was used (Wechsler, 1996). This system
comprises subscales assessing ideas and development, organisation, unity and coherence,
vocabulary, sentence structure and variety, grammar and usage, #atisatipn and

punctuaion.

5.4.3.4. Predictor Variables
5.4.3.4.1 Amount and Accessibility of Knowlezlg

Amount of general knowledge has been found to correlate with inference generation skill,
however, even those with the highest levels of general knowledge cannot gdmerate t
target infeence if theycannot readily access theegific target knowledge (e.Gromley

& Azevedo, 2007Barnes et al., 1996larchi, 2010; 2012 Subsequently, a common
cause of inference generation failure is insufficient knowledge and/or insuatfetcess

to this knowledge (Barnes et al., 1996; Kintsch, 1994). It also follows that participants
will not experience realorld interference when generating a counterfaeld
inference if they do not possess and/or cannot readily access sairielknowledge.
Previous research exploring the relationship between amount of knowledge and
inferential abilities has employed general topic knowledge tests, mtdtipiee
guestionnaires, and free recall tasks $sess amount of knowledge (eBarneset al.,

1996; Cainget al.,2001). Timed responses on free recall tasks have been used to assess

accessibility of knowledge (e.@arnes et al., 1996; Cain et al., 2001). In this thesis, a
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timed sentence verification task was used to assess both amduatassibility of

knowledge for several reasons.

It was essential that the knowledggse assessed was directly associated with each item

in the Image Selection Task. The administration of three tasks (to assess inference
generation, amount of knowledgagcessibility of knowledge) tapping the exact same
knowledgebase could, however, cause problems if administered in the same session,
such that one task could prime responses on andthvesis approximated that, for most
participants, data collection walitake place over two sessions. Consequently, one task
suitable for the assessment of both amount of knowledge and accessibility of knowledge
was needed so that inference generation could be assessed in Session 1 and then

knowledge in Session 2.

Both muliple-choice and free recall tasks can be desiyto tap a specific knowledge

base, with response times being recorded, making them suitable for the simultaneous
assessment of both amount and accessibility of the target knowledge. As discussed in
Chapter 2 textbasedmultiple-choice tasks place additional processing demands on
SDUWLFLSDQWY WKDW WUDHHW PG G H VIR @/ RIXEH BGDEHDRY\F
experience, CYP, even when asked a very specific question can go off thysc,
assessm of the target knowledge may rudvebeenobtainedf a free recall task was

used Some have minimised this probieby first teaching a knowledgmase (e.gCain

et al., 2001). However, for counterfactwabrld items, this would mean that the
counterfactuatvorld informaion was added to the knowledbeasecalling into question

LWV pFRXQWH UTH2iefdr& Delthed & MuXiplddoiffe orfree recall task was

suitablefor the current research.

A timed sentence verification task can be desigoesssess a specific knowledgase.

Since sentences are presented one at a time processing costs are reduced compared to &
multiple-choice task, making this tasuitable for the assessment of a range of age groups.

A 72-item timed sentence verification task was created to assess amount and accessibility
of knowledge. 36 items required a true response and were directly associatdtewith t
knowledgebase used irhe IST. The remaining 36 items were lexically and syntactically
similar fillers, which required a false respon3éese items were not related to the
knowledgebase used to develop the ISThe task was piloted ondalts (n=5) and

children aged 41 years(n=5). The instructions were found to be clear and
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understandable. Floor effects were not observed, however, some adults did perform at
ceiling on amount of knowledge. However, given thatI8iE was designed based on
knowledge learnt during Key Stagesritle8 this was expected.

5.4.3.4.2nhibition

Due to associative mechanisms of knowledge activation and thus the presence of related,
but irrelevant information, successful reebrld inference generation has been fotmd

be underpinned by inhibitory ctol, such that the reader must create a clear workspace,

if inferences are to be generated efficienBgi(nes et al2004; Cain, 2006; Harnishfeger,
1995. Successful counterfactuaborld inference generation is also argued to be, at least
inpart,dlep GHQW RQ DQ L QG LMHitG Xabitaf dspise Q.eaAFWoliR L Q
information)and respond in a new way (i@urterfactualworld inference; Graesser et

al.,, 1998. The RuleShift-Cards task, Go/NeGo task and the Stroop task assess the
abllity to suppress an unwanted response or information (Gomez, Ratcliff, & Perea, 2007,
Salthous & Meinz, 199%. However, the Go/N&o task is dependent on motor skKills,

and is thus a measure of response inhibition rather than interferencessigmr
Conwersely, in the Rul&hift-Cards task the conflict between the familiar response and

the new rule must be resolved before responding. There is not merely a simple motor
response, but a decision between which rule to attend to and which rule to ignore.
Moreover, unlike the Stroop task the Ru&hift-Cards task is not dependent on reagli
abilities. As such, the RulBhift-Cardstask is best suited to tap the inhibitory processing
associated with successful counterfactuatld inference generatiorilherefore, the
Rule-Shift-Cards task from the Behavioural Assessment of Elysexecutive Syndrome
(BADS; Wilson, Alderman, Burgess, Emslie & Evans, 200&s used to assess
inhibition abilities. In this task, participants see a series of cards. As each cardrisgorese
SDUWLFLSDQWY PXVW UHVSRQG pWUXHY RU pIDOVHY G
the cards agajrbut must respond accordingamew rule Errors are recorded. The Rule
Shift-Cards task was chosen becausassesses ability to inhibit a fdrar pattern of
responding and respond in a new wapecifically, the ruleshift-cards taskprovides a
measure of intrusion errors, such that information that was once relevant is no longer
UHOHYDQW EXW FRQWLQXHV WR parGgh&/riolX & HSvRIQ SURF

knowledge when processing counterfactwalld information.
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Whilst the RuleShift-Cards Task is designed for the assessnwradults (16 years and
over), he Play Card test in the Behavioural Assessment of the Dysexecutive®@gndr

in Children (BADSC) has the same format and same rules. Therefore, since raw scores
as opposed to standard scores or profile sveeesused, the RukShift-Cards Task from

the BADS was used with all participants to allow for comparabflityg RuleShift-Cards

task was piloted ochildren aged 941 yearqn=5). All participants understood the task
anddid not display ceiling or flor effects Finally, the RuleShift-Cards Task is easily

and efficently administered.

5.4.34.3. Belief Bias

As discussed in Section 1.3.&llef biases may guide suppression during thererfce
generation proces$n line with previous researobxploring belief biasesa reasoning

from false premises task was used to assess belieEhraske current researck.g.
Markovits & Schroyens, 2007; Moutieat al.,2006). Five items presented a true premise
and true conclusion (control), five items presented a true premise and false conclusion
(filler &), five items presented a false premise and true conclusionrifeepéal), and

five items presented a false premise and falselgsion (filler b), see Table 5.2or
example stimuliStimuli were acquired through personal communication with Claudine
BowyerCrane.Participants must decide if the conclusion is truéatse based on the
preceding premise. Typically, measures of probability ratings and accuracy are obtained.
It is assumed that a belief bias is present if either (a) conclusions in the experimental
condition are rated has having lower probabilities thanclesions in the control
condition or (b) more errors are made in the experimental condition than the control
condition. It is argued that errors made on reasoning from false premises tasks can be
attributed to weak inhibitory processes rather than pagic IfHoudé, 2000Moutier,
Angeard & Houdé, 2002 Consequently, a belief bias may be held, but not result in an
error if inhibitory skills are strong. A measure esponseaime was also recorded in the
current researchn accordance with the commonlycapted assumption that information
which is more cognitively taxing takes londgerprocess (Donders, 1968;19603tands

that stronger belief biases that cause more interference and thus require stronger
inhibitory processes will result in longer respetisnes. By calculating a difference score
(control + experimental), strength of belief bias was gained whilst controlling for
differences in reading speed and general processing speed. The task was pédtéts on
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(n=5) and children aged-Bl yearg(n=5), with all participants finding the instructions

clear, the task easy to complete, and no ceiling or floor effects being observed.

Table 5.2 Example Reasoning from False Premises Stimuli

5.4.4.Test Scores

When standardised measures are employed three types of score are available: (1) age
equivalent score, (2) standardised scarel(3) raw score. This research was concerned
with assessing change, as such, neither-eggévalent orstandard scores wne
appopriate. Age equivalent scores are not on an interval scale and thus the difference
between 9:2 and 10:2 is rarely the same as the difference between 11:2 and &2:2 sinc
rates of development diffeGimilarly, gandardised scores cannot determine change as
they are linked to ageelated expectations whilst an 11-yearold may demonstrate
significantly superior performance on a task compared fbyaarold, if both are
performing as expected for their age group they will receive the same Fherefore,

on all tasks(except reading comprehension, for which reading comprehension age was
used) raw scores were used as they provide detail of actual level of attainment and thus

changes with age can be observed.

5.5.Summary

This thesis is concerned with emphtion of realworld and counterfactuatorld
inferential abilities during adolescence, the cognitive skills and mechanisms underpinning
this development, and the role of these skills in reading comprehension and text
production. Before running the studjecareful consideration was given to the
methodologyused. A crossectional designvas employed to capture the agage at
which development is ocaumg. A representative CYP sample was recruited by inviting

a large number of schools to take part ie tesearch and providing specific selection
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criteria. Ethical considerations were made to ensure all particip&nésable to provide

informed consenfThe test battery was alsarefully compiled, with age and capabilities
of participantsconsidered Futhermore, tasks were orderemireduce fatigue and tasks
were selected to result in efficient data collectidable 53. provides a summary of the

test batteryFinally, raw scores were used to assess changes with age.

165



Table 53. Summary of Test Battery
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CHAPTER 6 THE ROLE OF INFERENTIAL ABILITIES IN
HIGHER -ORDER LITERACY SKILLS DURING ADOLESCENCE

6.1.Introduction

A literate individual is characterised by rantly the dility to read and spellvords, but
the ability to extract the intended meaning franext and produce a coherent piece of
writing (e.g.Bain, 2006. Therefore, tis study explorg the role of inferentiakkill in
reading comprehension and texbduction in 910 year olds, 112 year olds, 1-34 year

olds, and adults.
6.1.1.Inference Generation and Reading Comprehension

Successful reading comprehension is characterised by the construction of an integrated
and coherent mental model in which taramore textual propositions are connected using
WKH UHDGHUTV EDF N.gKRtXcH, G988 yaéndenBaket £1005; van

den Broek et al., 1999). Background knowledge may also be used to elaborate on textual
propositions, with informationegarding possible outcomes, instruments used, and
physical attributes of characters and objects also being integrated into the model (Graesser
et al., 1994; Kaugt al, 2007. Inference generation is thus central to many models of
proficient reading comghensiao (Kintsch, 1988; van den Broek et &0Q05; Zwaan,

2003. Inference generation has also been implicated in the developmentdofgrea
comprehension in CYP (e.Gain & Oakhill, 2012; Cairet al.,2004; Verhoeven & van
Leeuwe, 2008)For instanceCain andOakhill (2012) found that inference generation

skill at age &years was a longitudinal predictor of reaglcomprehension skill age -10

11 years.Similarly, many CYP identified as poor comprehenders are characterised by
weak inferential skis (e.g. Cain & Oakhill, 2008), with interventions designed to
develop inference generation skillsnproving both inference generatiorand
comprehension skills (e.dewitz, Carr & Patberg 1987; McGee & Johnson, 2003).
Inference generatioabilities thus apgarto underpin reading comprehension in CYP,

rather than being a consequence of reading comprehension or an incidental correlate.

UK government statistics suggest that some CYP, who were developindlyygicang
Primary School (i.eachieving ageelaed expectations), begin to struggle to comprehend
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the texts they are presented with in Secondary S¢beplartment for Education, 2045

20150. This is worrying given that the importance of comprehension skills to academic
success increases withageVK H IRFXV PRY HWolUR B QD WERJQH-ODIGLIQ
(Chall 1996; Snovet al.,1999). In recent years, researchers have identified the need to
improve adolescent comprehension (see Casgtidy,2010). This has sparked research

into the exploraon of the relationships between reading comprehension and inference
generation during adolescence. Specific&8iyrthet al.(2015) found that inferential skill

was a predictor of reading comprehension in both adequate and struggling adolescents
aged 1118 years, accounting for-26 of uniqe variance. Similarly, Cromley and
Azevedo (2007) found that inference generation made a significant contribution of 19.1%
to the reading comprehension abilities of adolescents agedais! géer controlling for
word-reading, background knowledge, strategy, and vocabuaeyious research thus
implicatesinference generation in the compeelsion process of adolescents, however,

severalquestions remain unanswered

First, the predictive utility of inference genedatiin the comprehension process of
adolescents appesato be inconsistent. Cromley aAdevedo (2007) found that inference
generation accounted for around four times more variance in reading comprehension sKill
than Barh et d. (2015). This discrepancy mée due to the tools used to assess inference
generation.Barth et al. (2015) used inference generation measures in which the
knowledge needed to successfully generate the target inference was presbetéekin
Conversely, Cromley andizevedo(2007)used an inference generation measure which
was dependent on the reader activating their own background knowdedge typical

of the natural reading proce®3afnes et al.1996; Kintst, 1993). As such, Barth et al.
(2015) may have underestimated theleroof inference generation in reading
comprehension skill due to the use of an inference generation measure that did not fully

assess all aspects of the inference generation process.

Second, the potentially fluctuating role of inference generation in rédagling
comprehension process during adolescencenbasyet been explored. Cromley and
Azevedo(2007)only explored the relationship between inference generation and reading
comprehension in orege group. Whilst Barth et alsed a wide ageange (1118years),
instead of creating separate models for eaclgemgp, age was controlled for, meaning
the developmental trajectory dferole of inference generation abilitiessunclearThird,

there are several types of infereifsee Section 1.1.)1 The resarch discussed above has
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focused on coherence inferencesowdver, elaborative inferences result in the
construction of a more enriched mental model #ngs deeper comprehension (e.g.
Graesser et al., 1994, Kintsch, 1994). It is possii®#athat elaborative inferences play a
key role in adolescent comprehension, given the shift in importance from explicit to
implicit understandingg.g.Leach et al., 2003)ourth inferences can be generated from
information that violates reavorld beliefs these are known as counterfactwalirld
inferences. The generation of counterfactuatld inferences is thought to be more
cognitively demanding than the generatwmeatlworld inferences (e.dorfman, 1989;
Dorfman & Brewer, 1988; Graesser et, a998). However, the specific role of
counterfactualvorld inference generation abiliti@sthereading comprehensigmocess
has not been explored. In sufarther research is need to explore the nature of the
relationship between reading comprehensiond ainference generation during
adolescence, specificallthe individual and potentially unique role of different inference

types needs to be explored
6.1.2.Inference Generation and Text Production

Text production is a muHiaceted process, resultingpin the dynamic interaction of
several skills, with proficient mental model construction and thus inference generation
central to the text production process (Hayes, 1996; 2012). However, the role of inference
generation in text production quality has rmen explicitly explored in CYPThe
knowledgetelling model, originally proposed by Bereiter aBdardamalia (1987) and
updated by Hayes (2012), conceptualises developments in textual coherence, organisation
and elaboration. Three distinct stages of wgtiare proposed: knowledgelling,
knowledgestructuring, and knowledgeansforming. The knowledgelling stage

reflects the writing of CYP aged%years, who are typically found to produce a series of
unconnected statements about a particular topie.Writing process relies primarily on
long-term memory and transcription skills. The knowledtygicturing stage was added

by Hayes (2012) based on research conducted with CYP agERl yars. Hags found

that during this time, CYPBroduced more ideasah younger writers, such that initial
LGHDY ZHUH HODERUDWHG RQ 6RPH LGHDV ZHUH O]
knowledge. This is supported by research showing that at around 9 years of age,

FRQQHFWLYHV VXFK DW pE}NH RBEXR Y HRZYBIDMIER thMdade,
and into adulthood, the use of a connective has been found to be determined by the
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strength of relationship between the actions, events or states in two adjoining phrases or
sentences (Fayol & Lete, 1987). Both coherence aribedtve inference generation
skills may thus become important to text production during this stage as the writer begins

to link, build relationships and elaborate on their ideas using their background knowledge.

In the knowledgdransforming stage, ideaasre selected, elaborated on, and then
RUJDQLVHG WR PHHW WKH DXGLHQFHTY QHHGV 7KH FR
texts appears to stem from prolonged periogsarfning and revisinghanquoyFoulin,

and Fayol (1990) found that adults pauséar significantly longer periods tha@YP

before beginning writing, suggesting that adults spend longer planning and revising than
CYP. Inferential processes are thought to be essential to both planning and revision.
Specifically, planning requires thet@gration and elaboration of ideas, as such, in many
cases inferences must be generated (Keys, 1999). Similarly, the process of revision
requires the writer to read back the text they have written to determine coherence,
MacArthur (2012) thus suggests thlabse skills essential for reading comprehension are
also essential to the revision process. The transition between the three stages reflects a
growing need for coherence, integration, organisation and elaborataeasfinference
generation may thuday a potentially increasing role in text production quality during

the adolescent yeatdowever, theexplicit role of inference generation in text production

during adolesence is yet to be established.
6.1.3.The Current Study

Inference generatiois implicatedin the process of both reading comprehension and text
production during adolescenddowever, potential ageelated changes in the role of
inference generatiombilities in reading comprehension and text production during
adolescenchave no been fully exploredThe unique contribution of different inference
types has also been overlooked, with research either failing to specify the type of
inference explored or focusing on reabrld coherence inferences. The current study thus
sought to esmblish the role of inference generatiskill in reading comprehension skill
and text production quality in Year 5-{® year olds), Year 7 (112 year olds), Year 9
(13-14 year olds) and adults (18 years and over). It was predicted that inferenca@enerat
skill would make a unigue and significant contribution to reading comprehension skill
and text production quality in all age groups, ea#tar controlling for 1Q, wordeading

skill and working memory capacity.
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The study also sought to explore thequa role of realvorld coherence, realorld
elaborative, counterfactuatorld coherence, and counterfactwadrld elaborative
inference generation skill. Coherence inferences are essential for basic understanding,
whereas elaborative inferences result meeper understanding (Graesser et al., 1994). It
was thus predicted that the role of coherence inference generation abilities in reading
comprehension would decrease with age, regardless of plausibility. Conversely, the role
of elaborative inference geradion abilities was predicted to increase with age. For text
production, research suggests that both textual coherence and content (number of ideas)
improve with age (Berman & Slobin, 1994; Stein & Trabasso, 1981; Wigglesworth, 1997).
Subsequently, the edictive utility of both coherence and elaborative inference

generation abilities was predicted to increase with age.
6.2.Method

6.1.1. Participants
51 CYP from Year §9-10yers) 50 CYP from Year 711-12years)50 CYP from Year
9 (13-14years) and 56 adult$18years and overyere recruited. Table 6.provides a
summary of demogphics for all age groupAll participantsmet the selection criteria
see Chapter 5. None of these participants had participated in any previous research.

Table 6.1 Number of fenales and mean age (in years) for Year 5, Year 7, Year 9 and
Adults

6.1.2. Design
A crosssectional design with fousige groups: Year 5, Year 7, Yearahd adults (18
years and over) was employed to explore the predictive utility ofwedt coherence,
realworld elaborative, counterfactualorld coherence and counterfactuairld
elaborative inference skilngmber of erronsin reading comprehension skill and text
production qualityThe control variables were intelligence (regrbal and verbal), sitey
word reading ability, and working memory capacity. The predictor variablesreae

world coherenceskill, reatworld elaborativeskill, counterfactualorld coherencekill
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and counterfactualorld elaboative inference skif®. The outcome variables ere

reading comprehension age and text production quality.

6.1.3. Materials
6.1.3.1. Inference Generation

The Image Selection Task (IST) was usedssess inference generatiigee Section
4.31.3.1.for adescription of the task usede&world coherence inference rgeration
skill, realworld elaborative inference generation skill, counterfaet@ld coherence
inference generation skill and counterfactwalrld elaborative inference generation skill

were exploredThemean number of erroscorefor each condition as used in analysis.

6.1.3.2. Reading Comprehension

The York Assessment of Reading l6omprehension (YARC; Snowling et a2009;
2010. Primary and Secondary was used to assess reading .abB#itficipants were
presented with a page of words aasked to readhe words they kne. Passage
readability wa then selected based on tharticipantV V iwQrdi@ebding ability.
Participants read theassage aloud,without any help from the research®articipants
were then asked a series of literal and infererjiastionsto provide a measure of
comprehension abilitiesdParticipants responded verbally. Correct answers received a
score of one andhcorrect answers a score of zefototal comprehension score was
calculated by summing all correct responses. Sinccimants read texts of different

levels, a reading comprehension age score was calculated to exploetadepk changes.

6.2.3.1Text Production

A narrative production task from picture prompts was used to assess text production skills.
Participants were gen 10 minutes to write a story based on six black antevine

drawings To assess the quality of the text productions the Wechsler Objective Language

25 Time-Course (speed) data was also used as predictor variables in this study and study 5 reported in
Chapter 8. However, this analysis did not resutigmificant findings and/or clear patterns. Therefore, it
is not included in this thesis.
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Dimensions analytic scoring system was used (Wechsler, 1996). This system comprised
six subscales ass#sg ideas and development, organisation, unity and coherence,
vocabulary, sentence structure and variety, grammar and usage, and capitalisation and
punctuation. Each subscale received a score of between one and four, with one indicating
poor quality anddur excellent quality. A total quality score was calculated by summing

scores on all subscales.
6.2.3.2Control Measures

IQ, wordreading skill and working memory capacity were controlled for in the current
study as these skills have been implicated in reachngprehension and text production
skill (Carver, 1990Dixon, Lefevre, & Twilley, 1988Goff et al., 2005Masson & Miller,
1983; Nation, Clarke,& Snowling, 2002;Seigneuric, Ehrlich, Oakhill, & Yuill, 2000
Singer, Andrusiak, Reisdorf, &lack, 1992; Singer & Richot, 199&tanovich, 1993;
StanovichCunningham& Freeman,1984 Whitney, Ritchie, & Clark, 1991

6.2.3.2.1. Intelligence Measures

The Matrix Reasoning Subscale of the Wechsler Abbreviated Scale of Intelligence
(WASI; Wechsler, 1999) waused to assess noerbal reasoning. Participants were
presented with patterns with one piece missing and asked to select the picture that
completed the pattern. Participants scored one for a correct answer. The Vocabulary
Definitions Subscale of the WA®/as used to assess verbal reasoning. Participants heard
a word and were then asked to define it. Participants scored two for a full answer and one

for a partially correct answer. Raw scores are reported

6.2.3.2.2. Working Memory Measure

The Backwards Digit SpanaBk from the British Ability Scaled (Elliot et al., 1996)
was used to assess working memory capacity. Participants heard a series of digits, which
increased in length. Participants were asked to recall the digits in reverse order. Working
memory capacit was indexed by the number ofgd strings recalled correctly-see

Section5.4.32.2 for more detail. An accuracy score was used in this study.

6.2.3.2.3. Word-Reading Measure

The York Assessment of Reading Comprehension (Primary and Secowdarysed to

asses singleword-reading ability. Participants were presented with a page of 60
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(Primary) or 70 (Secondary) words and askegk&ml as many as possible. Woeadding
skill was indexed by theumberof words read correctlyAn accuracy score was used in
this dudy.

6.2.4. Procedure

All tasks were administered as part of a larger test battery used to obtain data for Studies
3, 4, and 5. Written consent was gained fromCAP using a thrediered aproach as
described in Section 5.3.3. Written consent wamed fromadults Participants were
assessed individually in a quiet area of their school or university. Before the test battery
was administered the researcher spent3finutes talking tahe participant tonake

them feel comfortable. Tests were administeredsadmwo sessionstsee Appendix 5.3

for order of tasks. The first session lasted approximatel03@inutes for adults and 40

60 minutes foICYP. The second session lasted approximatei@dninutes for adults

and 4060 minutes folICYP. Participants werbriefed on each task before starting it and
reminded of their right to withdraw from the study or task. At the end of the final session
participants were thanked and debriefed, with a debrief letter being sent out to the parents
of all CYP.

6.3. Results
6.3.3. Age-Related Ghanges in Reading Comprehensiomext Production 1Q, Single
Word Reading Skill and Working Memory Capacity

Age-related changes in reading comprehension skill, text production quality, 1Q; word
reading skill and working memory were explored using ANOVBsscriptivesfor
inference generatioskill can be found in Table 6,2or completeness. divever,a full
exploration of agerelated changes in inference generation s&ilhot presented until
Chapter 7

6.3.3.1Preliminary Analysis

Inspection of the data revealed that the assumption of homogeneity of variance was met
for all variables, however, the data were skewed for matrix reasoning, vocabulary, and
word-reading skill.Outliers were left in for all measures as they wibieught toreflect

true scoresAcross all age groups, this led to one outlier being included for matrix

reasoning and vocabulary and two outliers being included for-veading skill. Non-
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parametric tests were conducted for matrix reasoning, vocabulary, andeadrdg skill.
Means and standard deviations for woedding skill, matrix reasoning, vocabulary,
working memory capacity, reading comprehension skill, and text quality are presented in
Table 6.2for each year group. Table 6shows that most skills apgeto improve with

age. A series of on@ay independent ANOVAs were conducted to exploreratged
changes in reading comprehension, text productiorrporaasoning, vocabulary, word

reading, and working memory capacity further.
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Table 6.2 Descriptive Statistics (Means and Standard Deviations) for SiMgletReading, Vocabulary, Matrix Reasoning, 1Q,
Decoding, Working Memory Capacity, R&8brld Coherence Inference Errors, R&&brld Elaborative Inferere Errors, Counterfactual
World Inference Errors, CounterfactusVorld Elaborative Inference Errors, Reading Age and Text Production Quality for All Age
Groups.
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6.3.3.2The Development of Reading Comprehension

A significant main effecof age was found for reading comprehension &y3(196) =
53.87,p < .001, S8 .06. Six independenttests were conducted to explore further.
Year 5 were found to have a sifjicantly lower reading comprehension age than all other
age groupsY5 vsY7:1(99) =8.38p < .001; Y5vs Y91 (99) =6.67p < .001; Y5 vs

adults: t (105) = 12.48,p < .00). Year 7 were found to have a lower reading
comprehension age than adulédthoughdue to the correction applied this was not
significant € (104) = 248, p = .02. Year 7 were found to have a higher reading
comprehension age than Year 9, due to the correction applied this difference was not
significant € (98) =2.41p=.02. Year 9 were found to have a significantly lower reading
comprehension ageah adults {((104) = 5.74p < .00J). Due to the limited progress
between Year 7 and Year 9, the number of weak comprehenders in Year 5, Year 7 and
Year 9 was determined. In this thesis, a weak comprehender is defined as an individual
with a reading compteension age more than a year less than their chranal@ge. The
percentage of weatomprehenders in eagjioup can be found in Table 6&s can be

seen from this table, Year 9 is comprised of a higher percentage of weak comprehenders
than all other grups. This may explain the limited progress observed between Year 7 and
Year 9.

Table 6.3 Percentage of Weak Comprehenders in Year 5, Year 7 and Year 9

Year5 Year7 Year9

Percentage of Weak Comprehenders 27 14 57

6.3.3.3The Development of Text ProducticQuality

A significant main effect of age wasbserved for text production qualit (3,196) =
27.75,p < .001, S8 .36. Six independenttests were conducted to explore further.
Year 5 were found to have significantly lower text production qualdyescthan all other
age groupsY5 vs Y7:1(99) = 2.85p =.005; Y5 vs Y91 (99) = 3.05p = .003, Y5 vs
Adults:t (105) =8.86p < .00). Year 7 and Year 9 were both found to have significantly
lower text production quality scores than adu¥3 (s alults:t (104) = 6.25p < .001;

Y9 vs adultst (104) = 5.22p <.001). However, there was found to be no significant
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difference between the quality of text produced by Year 7 and by Ye&® € .047p
=.64.

6.3.3.4.The Development of 1Q

An independetmeasures neparametric ANOVA wagonducted to explore the effect

of age group on overall IGsee Appendix 4 for individual analysis for vocabulary and
matrix reasoningA main effect of age was found for overall 1Q scofe(@, N = 207 =
105.11,p < .00)). Six nonparametric independenttésts were conducted to explore
further. Year 5 were found to have lower composite 1Q scores than Y&ar 345.00,

p <.001,N =101, Year 9 U = 167.50,p < .001,N = 101, and adultsly = 91.50,p <
.001,N = 106. Whilst Year 7 were found to have a lower composite 1Q score than Year
9, due to the correction applied this difference did not reach significehee!99.50,p
=.01,N = 100. Adults were found to have higher composite 1Q scores Yan 7s (U
=301.50p < .001,N =106 and Year 9¢U = 456.00,p < .001,N = 106.

6.3.3.5.The Development of Singl&Vord-Reading Skill

A non-parametric independent measures ANOVA was conducted to explore the effect of
age on singlavord-reading ability.A main effect of age was founds((3, N = 207 =
115.51,p < .00)). Six nonparametric poshoc independenttests were conducted to
explore further. Year 5 were found to read fewer words correctly than Y&ar 331.50,

p <.001,N =107, Year 9 U = 141.50 p < .001,N = 101, and adultsiy = 43.5Q p <

.001,N = 106. Year 7 were found to read fewer words correctly than Year 9, however,
due to the correction applied this failed to reach significadce 490.5Q0 p = .011,N =

100. Year 7s | = 25050, p < .001,N = 106 and Year 94U = 354.50,p < .001,N =

106) were found to read fewer words correctly than adults

6.3.1.6.The Development o#Vorking Memory Capacity
An independent measures ANOVA was conducted to explore the effect of wgekamy
memory capacity. A significant main effect of age was foun@3(196) = 12.96p <
.001, S380.18. Six independenttests were conducted to explore further. Year 5 were
found to have a smaller working memory capacity than Yea(99) = 2.69 p = .008,
Year 9 ¢ (99) = 3.83,p < .00 and adultst((105 = 6.08,p <.00]). There was found to
be no significant difference between the working memory capacity of Year 7 and Year 9
(t (98) = 1.33p =.18. However, Year 7 were found to have a deralorking memory
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capacity than adults (204) = 3.13,p = .002. There was found to be no significant
difference between the working memory capacity of Year 9 and at(284) = 1.46,p

= 19,

In sum, reading comprehension skill, text productprality, overall IQ score, single

word reading skill appedo improve throughout adolescence, despite a period of limited
progress between Year 7 and YearGhnversely, ér working memory capacity,
developments are observed between Year 5 and Year I7,aditltlike levels being
achieved between Year 7 and Year 9. Taken together, for most variables, limited progress

is obseved between Year 7 and Year 9.

6.3.4. The Relationships between Reading Comprehension, Text Production and

Inference Generation Abilities dang Adolescence

This analysisseeks to explore the role of inference generation (skitnber of errorsin
reading comprehension and text production. The role of inference generation skill in
reading comprehension and text production skill was analysad multiple hierarchical
regression analyses. The order of variables was selectedria @amposite 1Q scores,
singleword-reading scores and working memory capacity scores were entered in Step 1
to account for relationships between reading compretrgn®xt production, 1Q, wokd
reading skill and working memory capacitydividual contributions made by each
control component are not reported as this was not the aim of the study, hoheyer, t
can be found in Appendix 6.@verall IST performance, aéworld coherence inferential

skill, realworld elaborative inferential skill, counterfactuabrld coherence inferential
skill, and counterfactualorld elaborative inferential skill were each enteiadurn, in

Step 2.

To explore patterns of developnteand potential ageelated changes in the contribution
of inference generation abilities to text production and reading comprehension, separate

regression analyses were conducted for each age group, as opposed to controlling for age.
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6.3.4.1Preliminary Analysis

Data screening revealed that all correlations were below .8, all VIF values were below 10
and all tolerance values were greater than .1. For most analyses the-Watbon
statistic was between 1 and 3, suggesting the assumption of independencetwas m
However, for the regression model exploring the role ofwexald elaborative inference
generation skill in text production quality of adyttse DurbirWatson statistic was 0.97.
Consequently, the conclusions made from this model must be madeawiithnc For all
analyses, assumptions of homoscedasticity and linearity were met. Residual statistics
were examined for extreme ca€e§or most analyses, there were never more than three
cases (out of 50) with standardised residual statistics highewtharor more than one
standardised residual greater that2 5. Howeverthe model exploring the independent
contribution of counterfactuatorld coherence inference generation in the reading
comprehensiorskill of adults resulted in four participantsttvistandardised residuals
above twoThe accuracy of this model must be viewed with caution. For most analyses,
residual errors in the model were fairly normally distributed. For some models there was
slight skew, however, this was never severe. Means gatcelated for each group for
performance on each tasAs can be seen from Table 6tRerewere no ceiling or floor

effects.

6.3.4.2.The Relationship between Inference Generation Abilities and Reading

Comprehension Skill

To explore the relationship between inference generation abilities and reading
comprehension skill, a hierarchical regression analysis was conducted for each group with
reading comprehension skill as the outcome varidbdatrol variables were entered in

Step 1 and total Inference Generation Score in Step 2. Total inference generation score
was calculated by summing errors across all four inference corgliResults can be

found in Table 6.4.

26 Field (2005) suggests that 95% of cases should have standardised residuals Rithia -80% of
cases should have standardised residuals withn5t/
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Table 6.4 Summary of Fixe@rder Hierarchical Multiple Regr& VLR Q $QDO\VHYV
With Reading Comprehension Age as the Dependent Variable and Image Selection Task
Score as Predictor, Controlling for 1Q, WoRleading Ability and Working Memory

Capacity

*p ” 05 *% p ” S ”

Inference generation abilities were found to make a unique contribution to reading
comprehension age in all age groups, even after controlling for 1Q;neading skill and
working memory capacity. A positive relationship was observed, such that stronger
inference generation skill was related to superior reading comprehension skill. The
predictive utility of inference generation in reading comprehension skill appears to
decrease with age, such that inference generation abilities account for 45.7%, 33.4%,
27.0%, and 22.6% of unique variance in Year 5, Year 7, Year 9, and adults, respectively.
) L V K Hto-§ waridformatiorfound thatnone of the comparisored coefficientswere
significant however(p > .20for all comparisons)Therefore, whilst visual ingztion of

the predictive utility of inference generatiskill in reading comprehension suggests a

decline, this is not significant.

This study aimed to explore the potentially differing contributions of four inference types
in reading comprehension skillreatworld coherence, realorld elaborative,
counterfactualvorld coherence and counterfactwadrld elaborative. Therefore, for
each age group, four hierarchical regression analyses were conducted with reading
comprehension as the outcome variable. Xgare the independent contribution of the

four inference types, inferenakill for eachtype was entered in Steps2quentially

These analyses are summarised in Table 6.5.
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Table 6.5 Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)
With Reading Comprehension Skill as the Dependent Variable and All Inference
Conditions as Predictor Variables, Controlling for WelRading, 1Q, and working

memory capacity

*p ” 05 *% p ” S ”

A positive relationship was observedtween realworld coherence inference skill and
reading comprehensiprsuch that stronger realorld coherence inference generation
skill was related to superior reading comprehension skill. The predictive utility ef real
world coherence inference skill in ddag comprehension skill appears to decrease with
age, accounting for 37.3%, 23.5%, 16.6%, and 9.4% unique variance in Year 5, Year 7,
Year 9s and adults, respectively, after controlling for 1Q, wealling skill and working
memory capacity. Elaborativaference generation skill explains a significant amount of
unique variance in reading comprehension skill in Year 9 (13.7%) and adults (10.9%),
after controlling for 1Q, wordeading skill and working memory capacity. A positive
relationship was observeslich that stronger realorld elaborative inference generation

skill was related to superior reading comprehension skill. The amount of unique variance
in reading comprehension skill accounted for by counterfagtodd coherence
inference skill approackesignificance for Year 7p(= .051). Neither counterfactual

world coherence nor counterfactwabrld elaborative skill made a unique contribution to
UHDGLQJ VNLOO IRU DQ\ R¥H-K tredsforhbtioh WasXi$ to ekplakeH U § Vv
differences irthe unique contribution made by the different inference types fuNoae

of the comparisonsef coefficientswere significant§ > .15 for all comparisong This
suggests that whilst the pattern of results may suggest the predictive utility-obrél
coherence inference skill declines throughout adolescence, whereaworigal

elaborative inference skill increases until Year 9, this is not significant.
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6.3.4.3.The Relationship between Inference Generation Abilities and Text
Production Quality

To explore the relationship between inference generation and text production quality a
hierarchical regression analysis was conducted for each group with text production
quality as the outcome variabl€ontrol variables were entered in Step 1 and total

Inference Generation Score in StefR2sults can be found in Table 6.6.

Table 6.6 Summary of FixeRUGHU +LHUDUFKLFDO OXOWLSOH 5HJL
With Text Production Quality Score as the Dependent Variable and Image Selection

Task Score as PredigtaControlling for 1Q, WordReading Ability and Working

Memory Capacity

*p " 05 **p " S

Inference generation skill did not account for a significant amount of variance in the text
production quality of Year 5. However, results suggeat the predictive utility of
inference generation skill in text production quality increases with age, with inference
generation skill accounting for 18.5%, 21.5%, and 24.0% unique variance in text
production quality in Year 7, Year 9, and adults, respelstj after controlling for 1Q,
word-reading skill and working memory capacity. Conversely, the predictive utility of
the control variables appears to decline with age, with sweading skill, 1Q and working
memory capacity collectively accounting for 9%, 29.1%, 16.5% and 5.6% unique
variance in text production quality of Year 5, Year 7, Year 9 and adults, respectively.
) LV K Hio-§ Waridformation was used to explore these patterns fukiome of the
comparison®f coefficientswere significant§ > .03 for all comparisonk This suggests

that whilst the predictive utility of inference skili text production qualityappears to
increase throughout adolescence, whereas the predictive utility of the control variables

declines, this is not significant

This study aimed to explore the potentially differing contributions of four inference types
in text production quality: reakorld coherence, reatorld elaborative, counterfactual
world coherence and counterfactwadrld elaborative.For each age groupfour

hierarchical regression analyses were conducted with text production quality as the
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outcome variable. To explore the independent contribution of the four inference types,
inference skill scores for each inference type vesrtered in Step equentidy. These
analses are summarised in Table.6.7

Table 6.7 Summary of FixeRUGHU +LHUDUFKLFDO OXOWLSOH 5HJL
With Text Production Quality as the Dependent Variable and All Inference Conditions
as Predictor Variables, Controlling for Woildeading, 1Q, and working memory

capacity

*p " 05 **p " S

The predictive utility of realorld coherence inference skill in text production quality
was found to increase with age, after controlling for we@ding skill, IQ and working
memory capacity. A positive relationship was observadh ghat stronger realorld
coherence inference generation skill was related to superior text production quality.
Specifically, inference generation explained 4.8% unique variance in text production in
Year 7. However, this was not significant. Infererggneration accounted for 8.4%
unique variance in Year 9, however this contribution only approached signifigance (
=.059. Finally, inference generation accounteddaignifican22.5% significant unique
variance in adults. Realorld elaborative infenece skill was found to make a unique
contribution to text production quality in Year 7 (12.9), Year 9 (12.1%), and adults (6.9%),
respectively. A positive relationship was observed, such that strongewaddl
elaborative inference generation skill wakated to superior text production quality. For
the most part, counterfactuabrld inferential skill did not make a unique contribution to
text production quality. Howeverounterfactuaivorld coherence skill was a unique
predictor of text production qligy in Year 5, accounting for 7.1% unique variance, after
controlling for wordreading skill, 1Q and working memory capacity positive
relationship was observed, such that stronger counterfagtulld coherence inference
generation skill was related t& XSHULRU WH[W SURGXFMW{zZRQ TX
transformation was used to exploregbdifferencedurther. None of the comparisorus

coefficientswere significanty > .14 for all comparisons
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6.4 Disussion

This study sought to establish the rofanference generation in reading comprehension
skill and text productio quality in Year 5, Year 7, Yeardghd adultsThe results of this
study extend previousnowledge in severakays. First, whilst reading comprehension
skill and text production quity were found to improve from Year 5 to adulthood,
progressbetween Year 7ral Year 9 was limited. Second, inference generation skill
explained unique variance in text production quality from Year 7 onwanftist
controlling for 1Q, wordreading skilland working memory capacitkinally, the role of
inference generation in reading comprehension skill and text production quality during

adolescence varied as a function of inference type.

6.4.1.Age-Related Changes in Reading Comprehension Skill and Tesdduction
Quality

Reading comprehension skill and text production quality were both found to improve
from Year 5 to adulthood. Howeveéhere was no improvement in text production quality
between Year 7 and Yeara@ddreading comprehension skill decredsluring this time

(due to the correction applied this difference did not reach signifizahaken together,
results suggest that Year 7 to Year 9 is a period of limited litgragyess for some CYP.
This is consistent witlkUK government statistics vidh suggest around one third of CYP

do not make the progress expected during the Secondary Schoo{Depastment for
Education, 201§).

6.4.2.The Developing Role of Inference Generation Skill in Reading Comprehension
Skill
Inference generation was fod to make a significant unique contribution to reading
comprehension skill throughout adolescence, accounting for 45.7%, 33.4%, 27.0%, and
22.6% unique variance in Year 5, Year 7, Year 9 and adults, respectively, after controlling
for 1Q, wordreading sKi, and working memory capacity. There is a discrepancy in
previous research regarding the predictive utility of inference generation dheng
Secondary School yeaBarth et al. (2015) found that inference generation accounted for
only 2-5% unique vaance in reading comprehenms skill. Conversely, Cromley and
Azevedo (2007 found that inference generation accounted for a much larger 19.1%

unique variance in the reading comprehension skill ef3ykar olds. The findings of the
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current study support @mley andAzevedo(2007), such that inference generation at all

ages was found to account for substantial variance in reading comprehendlion ski
(22.69645.7%). Like Cromley anézevedo(2007), the current study used an inference
generation measure whichawdependent on the reader activating their own background
knowledge, as opposed to a measure that presented the necessary knowledge in the text.
Subsequently, it appears that when an inference generation measure is used that does not
minimise the contribiion of those processes central to susftdsnference generation
(e.g.knowledge activation), inference generation makes a considerable contribution to

reading comprehension skill during adolescence.

The amount of variance in reading comprehension skilounted for by infence
generation in the Cromley adzevedo(2007) study appears to bess than the amount

of variance explained in the current study, however. This discrepancy ndoag lhe the
wide range of age groups assessed@ndurrentstudy. Cromley and Azexdo used a
sample of 1415 year olds only. This group would fall between Year 9 and adults in the
current study. Wén the results of Cromley and Azslo are considered against just Year

9 (27.0%) and adults (22.6%), predictive wikixplained is more comparable.

The current study extends previous research in a second way, swibubbinspection

of regression coefficients, suggeske role of inference generation skill in reading
comprehension declisevith age between-20 yeas and adulthoodHowever, hese
differenceddid not reach significancé@his effect had not previously been observed and

is surprising given the prominent role of inference generation in skilled models of reading
comprehensione(g.Kintsch in 1988; van eh Broek et al.2005; Zwaan. 2003Given

that this decline was not statistically significant, further research is needed to establish
the changing role of inference generation in the reading comprehension process during

adolescence.

The current study vw&also unique in nature, such that the independent contribution of
four different inference types was investigatédisual inspection of regression
coefficients suggests thahe predictive utility of realvorld coherence inference
generation in reading cgprehension declirsavith age However, this was not significant.
The converse was observed for re@rld elaborative inferential skill, such that it did not
make a significant unique contribution to reading comprehension skill until Year 9.

However, agai, changes were not significant. Despite not being significant the increases
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and declines in predictive utility do fit with existing researBeatworld coherence
inferences are essential to basic understanding and the maintenance of coherence, with
realworld coherencskill found to improve with age (Barnes et 4996; Kendeou et al.,
2008; Oakhill et al.2003). The decline in importance may thus be due tewedt
coherence inferential skill becoming sufficient for basic understanding. Since the
cognitive demand incurred when generating coherence inferences has beenofound t
decrease with age, with adlike performance achieved around-12 years, Year 9 and
adults may have more resources available for the generation of the more cognitively
demandhg elaborative inferences (e.@asteel, 1993). This would explain why
elaborative inferences do not make a significant unique contribution to comprehension
skill until Year 9. It was found that counterfactwabrld inferences did not make a unique
contribution to reading comprehension skill at any age. However, given that fantasy texts
were not used to assess comprehension this is not surplmssugy inference generation
appears central to reading comprehension during the Secondary School yeautapgrti
when the text requires knowledge activation, with coherence and elaborative inference

skill sharing unique relationstgpvith reading comprehension.
6.4.3.The Developing Role of Inference Generation in Text Production Quality

Previous research tdanot explicitly explored the role of inference generation in text
production quality. The current study thus extends previous research by showing that
inference generation makes a unique contribution to text production quality between 11
12 years and adiiood. In contrast to the role of inference generasiiit in reading
comprehensionprocess the predictive utility of inference generatigkill in text
production qualitywvas found to increase with age. Whilst a significant contribution was
not made in Year 5, inference generation skill accounted for 18.5%, 21.5%, and 24.0%
unique variance in Years 7, 9 and adults respectively, after controlling for I1Q; word
reading skill,and working memory capacitydowever, whilst a visual inspection of
regression coefficients suggests an increase in predictive utility of inference generation
skill, this was not significant, thus further research exploring the potentially changing role
of inference generatioin text production is needed.

Realworld coherence inferences did not make a unique contribution to text production
quality until Year 9. Conversely, realorld elaborative inferences only made a unique

contribution to text productioquality in Years 7 and 9. The knowledgsling model
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suggests that writing moves through three distinct stages: 1) knowikddge, 2)
knowledgestructuring, 3) knowledg&ansforming (Bereiter and Scardamalia, 1987,
Hayes 2012). The knowledgelling stage occurs before 10 years of age and is
characterised by the activation of ideas, although these may not be linked or well
developed.lt follows, then, that in Year Beither elaborative or coherence inference
generation skill would make a unique cobtrion to text production quality since ideas

are neither elaborated on nor linked together. The knowistlgeturing stage is
characterised by the elaboration of ideas, with some links being @¥&eare thought

to go through this stage betwebh13 years. During this period, the results of the current
study suggest that elaborative inference generation skill makes a larger unique
contribution to text production quality than coherence inference generation skill. This fits
ZLWK &<31V JUR ZlaQarate Brii@ebs\durMgRhigistage. Conversely, whilst
some links may be made, which may require coherence inference skills, these links have
been found to be relatively limited during this stage. The knowl@gsforming stage,
typical of CYPaged 13 gars and over, is characterised by a coherent representation, with
the reader in mind, created through extended periods of planning and revision. It thus
follows that realworld coherence inferences, central for linking ideas and maintaining
coherence, dmot make a significant unique contribution until Year 9-{#3years).
Progression through the stages of the knowladtigg model thus appears to coincide
with changes in the role of the different inference types in text production quality. This
highlights the possible pivotal role of inference generation skill in the text production

process throughout adolescence.

Whilst realworld inferences did not make a significant unique contribution to text
production quality in Year 5, counterfactwabrld coherace inference generation skill

did, accounting for 7.1% unique variance, after controlling for I1Q, weadling skill, and
working memory capacity. This is an interesting finding that requires further exploration
to be fully understood. For instance, reairld and counterfactualorld inference
generation may be underpinned by different processes. Belief biases for example may
underpin counterfactuatorld inference generation whereas the activation ofweald
knowledge may be central to reabrld inference generation. If so, it is important to
understand how those skills underpinning counterfactioald inference generation

operate during text production in Year 5 andavhbis differs to the older aggroups.
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Answering these questions would provideleeper insight into the knowledgglling

stage of writing development.

6.4.4.Conclusions

This study has identified a continued role of inference generation skill in both reading
comprehension and text production between tles af) 910 years and adhibod. Real

world coherence and elaborative inferences were found to share unique relationships with
reading comprehension and text production. Specifically, the results of this study
highlight the growing role of elaborative inference generation skitlsemeading process

as coherence inference generation skills become proficient. Althouggigroficant, the

results of this study also support Hay2612) model of text production development,

highlighting the growing role of coherence inference geraraikKill.
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CHAPTER 7 A CROSSSECTIONAL STUDY EXPLORING THE

DEVELOPMENT OF INFERENCE GENERA TION SKILL AND

INFERENTIAL TIME -COURSE IN YEAR 5s, YEAR 7s, YEAR 9s
AND ADULTS

7.1.Introduction

Research has implicatedrole forinference generatioskill in reading comprehension
across the lifesparC@in & Oakhill, 2012; Kintsch, 1988; Verhoeven & van Leeuwe,
2008).Exploring the development of inference generation abilities dwadalescence
may thus informeffective educational practic&he crosssectonal study reported here
was designed to investigate agdated changes in realorld and counterfactuatorld
inference generation skill amthanges in the inferential tirmurse in Year 0-10years)
Year 7(11-12years) Year 9(13-14yearsand aduls.

7.1.1.RealWorld Inference Generation across the Lifespan

Research finds that whilst very young children have the ability to generate inferences
from a narrative, they do not do this spontaneously (e.g. Omasdn 1978; Paris et

al., 1977). Withage, however, the ability to generate inferences whilst reading without
prompting appears to improve, leading to increases in inferential skill (Ackerman, 1986,
1988; Barnest al.,1996; Kendeou et aR008). Understanding the development of those
proceses underpinning whether an inference is drawn spontaneously whilst reading or
not is thus important. Research exploring the inferential-tigse in adults converges

to support the Qustructionist Theory (Graesser et al.,, 1P%hich suggests that
coheence inferences argenerated whilst reading (i.enline), whereas elaborative
inferences are dven after reading (i.eoffline). Research utilising online methodologies

to explore the inferential processes of CYP suggests that, despite generating fewer
inferences than adults do, children and adolescents engage in a qualitatively similar
process to adultsuch that they, too, generate coherence inferences online and elaborative
inferences offlindBowyerCrane & Snowling, 2010Casteel, 1993; Casteel &pson,
1991).Similarly, typically, all age groups find the generation of elaborative inferences
more difficult than the generation of coherence infereneeg. BowyerCrane &
Snowling, 2010; Cain & Oakhill, 1999; Cain et al., 2000h)erefore,whilst inference
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generation skill improves from childhood to adulthood, the processes underpinning

inference generatioappear taemain the same.

The researchiscussedbove may not reflect the current UK pictunewever Many of

the studies above have relativedgnall sample sizes, with participants recruited from
SUHGRPLQDQWO\ ZKLWH VXEXUEDQ VFKRROV 2IWHQ
readers, such that they are reading at the level expected for their age. Research and UK
government statistics suggéisat a number of CYP, who do not leaspecial educational
needs nor have been identified as poor compreheraterstill struggling to comprehend

the texts presented to them and produce coherent tesgpsuihent foEducation, 2015;

20158H. These CYPmay be processing text in a different way to their peers who are
achieving or exceeding agelated expectations. However, they are unlikely to have been
represented in the studies abdhilst somehave explored inference generation abilities

at severahges, many of the studies discussed above compare just two groups, typically
an adult and child group {80 years or younger), thus little is known about the
developmental trajectory of inferential abilitidaring adolescenceOf the research that

does eist, results appear inconsistent, with some suggesting that inference generation
abilities devebp throughout adolescence (eBarnes et al., 1996) whereas others find
that inference gneration abilities reach addike levels by13-14 years of age (e.qg.
Casteel, 1993)Further research is needed to advance understandiragertlated
changes in inference generatainilities duringadolescencen a sample reflective of the

current UK schoehged population.

7.1.2.CounterfactuatWorld Inference Generatin across the Lifespan

Research exploring counterfactwabrld processing suggests that counterfaetuaid
information is more difficult to process than rearld information, due to the need to
resolve conflicexperienced due to tleetivation of related, but contradictory reedrld
knowledged.e. realworld interference (e.dilter et al.,2007; Byrne, 2002; 2007; Evans,
2006; Evans et al., 2005). However, Cetcal.(1981) suggest that this is not algape
case for CYP. Ceat al.explored the realvorld and counterfactuatorld recall ability
of CYP aged Aearsand 10 yearsFor both groups, Ceci et diound no difference
between the recall accuracy of rearld and counterfactuaborld information after
immediately hearig a story. However, when stories were recalled after a-iinee&

delay, Ceci et la found that significantly more errors were made when recalling
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counterfactualvorld information compared to rewlorld information, particularly for

the 10 year olds. Spéically, the CYP failed to correctly recall counterfactuabrid
information about welknown characters, such that participants recalled the real, rather
than counterfactual, traits of the characters. This suggests that errors were due to real

world intaference.

Given that 10 year olds displayed more +walld interference when recalling
counterfactualvorld stories than 7 year olds, Ceci et ebncluded that when processing
counterfactualvorld texts, the amount of realorld interference faced inaees with

age. This is supported by Dorfman and colleagues (Dorfman, 1989; Dorfman & Brewer,
1988). They presented participants with fables, in which key information tarerdo
existing beliefs (e.ghe hare wins the race instead of the tortoise dlsked participants

to generate a thematic inference regarding the point of the fable, thus requiring
participants tgut aside existing beliefSuperior performance was obsenmd/-8 year

olds, compared to-20 year olds, 143 year olds and adults.offman and colleagues
asked participants to do this immediately after hearing the $towever. he difficulty
associated with generating counterfactwatld inferences ishussurprising given that

Ceci et alfound that reaivorld interference wasot present in immediate recddir any

age group. The difference observed may be dtieetmethodological variationiselow.

Text can be processed at three levels, increasing in difficulty: surface, propositional and
situational (Van Dijk and Kintsch, 1983kordonet al.(2000) suggeghat participants

will adopt the easiest strateggssible when completing tasks. Therefpaticipants in
&HFL HW DO YV LPPHGL bayHhavwd HRI{) Créated R QsGrideeel R Q
representationA surfacelevel representation of the text is a verbatim record stored in
shortterm memory, retgtion is limited Consequently, participants the threeweek

delay condition would nobe able to maintain a surfatevel representation for this
period. If a text is to be stored for later retrieval, a more robust situational model is needed.
Unlike surfacelevel representations, situatiorlalel representations are thought to be
VWUXFWXUHG DFFRUG L\oild WhBwldtddeHe. ghBG H1983Y TheH D O
construction of a surfadevel representaon, compared to a situationkavel
representation, may thus explain why significantly less-weald interference was
observed in the immediate recall condition compared to the delayed recall condition in
CecietalfV VIMWeXe@ddes are also thought to be grated primarily fithe

situationallevel (Graesser et al1994; Schmalhofeet al, 2002. The task used by
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Dorfman and colleagues requires a thematic inference to be gemaeatethg successful
completion is dependent on the reader constructing a situalemehlrepresentation of
the text Taken together, it appears that realrld interference is present when
completing tasks requirintihhe construction of situationddvel representations, but not

surfacelevel representations.

The recall task and thematic infecentask employed by Ceci et @1981) and Dorfman

and colleagas (Dorfman, 1989; Dorfman & Brewer, 1988) are offine measures of
reading comprehension and inference generaBowyerCrane andSnowling (2010)

used a timedentence verification taglsVT) to explore realvorld and counterfactual

world inferential alities in children aged ‘A0 years. They found that accuracy of
inference generation for both coherence and elaborative inferences did not differ in the
realworld and a fairy story conditis. Consistent with Ceci et 4l.981), this suggests

that, compagd to realworld inference generation, children do not find it more difficult

to generate inferences based on counterfactual information. Mor&m&yerCrane

and Snowling found thah both the realvorld and fairy story condition, participants
respondd to coherence items significantly faster than elaborative items, suggesting
coherence inferences are drawn online, regardless of the plausibility of the information.
However, responses in the re@abrld condition were significantly faster than in the yair
story condition, suggesting children may find the process of counterfactual inference
generation slightly more taxing than reedrld inference generation.

Despite also employing &VT, Graesser et a(1998) found that adults displayed an
accuracy advaage for realvorld rather than counterfactuabrld inference generation.
Moreover, all adults took much longer to make the true or false decision when confronted
with counterfactualvorld inference items compared to re@arld inference items.
Graesseet al.thus concluded that, due to the presence ofweald interference, adults

find the generation of all counterfactual inferences cognitively taxing and thus generate
them offline. The discrepancy in onlhoéfline patterns between Graessemak (1998)

and BowyerCrane andgsnowling (2010) suggests a qualitative shift in the processing of
counterfactualworld information between-20 years andcdulthood. The differenes
between adults and childrenuld also be due to methodological differences betviee

two studieshowever
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The texts used by Bowy&rane andSnowling (2010) were 11444 words long, with
readability ratings of Ayears or less, whereasttexts used by Graesser et(ab98)

were 609763 words long, with readability ratings ranging from approximatei@0
years Whereas Bwyer-Crane andnowling used fairy tales in the counterfactwalrld
condition, Graesser et alsed texts that violated the laws of time and spafrmation

that is far more implausible (Byrne, 200@yaan et al.1995). Additionally, theSVT
followed the critical text after an almost immediate time irae(G00ms) in the Bowyer

Crane andnowling study. Conversely, ti®/T was presented at thed of the text in

the Graesser et al. study, meaning that the time interval between critical text and test item
was longer thathat employed by BowyeCrane andSnowling and inconsistent across
texts. Difficulty associated with processing counterfactwalrld information has been
found to increase as length of text, complexity of text, implausibility of information, and
time interval increase (Byrne, 2007; Markman, 1979; Otero & Campanario, 1990; Singer,
1994; Vosniadowet al., 1988). This may thus explai the difficulty faced by adults
compared to CYP. Similarlyesearch shows that for reabrld information coherence
inferences are generated online whereas elaborative inferences aeegnGafo &
Castillo, 1996; 1998; 20@1 2001bh. This is alsothe pattern of rgults observed by
BowyerCrane andSnowling (2010) for counterfactualorld information. However,

whilst BowyerCrane andSnowling (2010) specify the types of inéeices explored,
Graesser et a1998) do not. It is thus possible thatte infereres explored by Graesser

et al.were predominantly elaborative inferences, b) the lack of discrimination between
coherence and elaborative inferences resulted in skewed results, c) due to the differing
time intervals, the task may not be semsitto differences between coherence and
elaborative inferences, since there is adequate time for both types of inference to be
generatedbefore the test item is presentedsum it is unclear if adults wouldisplay as

much difficulty generating countexétuatworld inferences if given shorter, simpler texts
comprising more plausible counterfactwadrld information with exploration and
comparison of coherence and elaborative infereriges.to limited researglit is thus
unclear if the differences obsed between adults and children are due to a conceptual
shift in the processing of counterfactwedrld information or methodological

discrepancies

194



7.1.3.The Current Study

The current study sought to establish -aglated changes in realorld and
counterfactualvorld inferential abilities in ¥ar5, Year 7, Yea®, andadults There was

a specific focus on exploringvhether the differences observed between the
counterfactualvorld inference generation processing diffteeg of adults and children
were due to a conceptual shift or methodological differeriResearch suggests that real
world coherence inferences are drawn online, regardless ofvageeas ealworld
elaborative inferences areasvn offline, regardless of ag€asteel, 1993; Poynor &
Morris, 2003). The same pattern of results has been found for countdriaotich
inferences for children (Bowy&Zrane &Snowling, 2010). ldwever, research suggests
that adults draw altounterfactuaworld inferenceffline (e.g.Graesser et al1998).
Therefore, two critical texts were embedded iot@ of eighteen storieggflecting one
of six conditions (1) realvorld coherence, (2) reaforld elaborative, (3) reakorld
literal, (4) counterfactualvorld coherence, (5) counterfactwabrld elaborative, and (6)
counterfactuatvorld literal. Critical texts were then followed by a foregtbice picture
selection task, with one picture depicting the target inferencea(getinformation in
literal conditions). In the coherence condition, caudarences were explored and in the
elaborative condition, static inferences were exploresde Chapter Reading speeds of
critical texts andnumber of erroroon the forceechoice picture selection task were
recorded to provide measureslod inferenial time-courseandinference generation skill

respectively.

7.1.3.1. Predictions

The current study predicts quantitative, but not qualitathangs in both realvorld and
counterfactualvorld inference generation abilities during adolescence, pnogdbat
qualitative changes in counterfactwabrid processing are due to methodological
discrepancies as opposed to a conceptual shift in processing. Inference geakithtion

and speed is predicted to improve, across all conditions, during adolescenceviorical
inferences but decline for counterfactwadrld inferences. Adullike performance is
predicted to be achieved for batkill and speed by Year 9. Qualitative cgas during
adolescence are not predicted, such that regardless of age and plausibility of information,
coherence inferences are predicted to be generated with more success than elaborative

inferences and coherences inferences are predicted to be georliatednd elaborative

195



inferences offline. Due to the need to resolve the comftiperienced due the activation
of related, but contradictory realorld knowledge, the counterfactuabrld process is
predicted to differ to the realorld inference gegration process for all age groups, such
that additional processing costs are predicted when generating countenfiamidal
inferences compared to reabrld inferencesTherefore, it is predicted that all groups

will read counterfactualvorld critical texts slower than reakorld critical texts.
7.2.Method
7.2.1.Participants

Those who participated Btudy 3 were also incledl in this study

7.2.2.Design

A 4 (Age: Year 5)Year 7, Year 9, adults) * @nference Type: Coherence, Elaative,

Literal) * 2 (Plausibility: RealwWorld, Counterfactualvorld) crosssectional design was
employed to explore agelated changes in realorld and counterfactuatorld
inferential abilities during adolescence. The dependent variables were reading speed of
critical texts resulting in a correct responsaél{(isecond$ andnumber of errors madmn

forcedchoice pictureselectiontask
7.2.3.Materials

7.2.3.1.Inference Generation Measure

The Image Selection Task (IST) from Study 3 was used to exiplierence generation
skill (number of errofsand the inferential timeourse (reading speedspee Chaptar3
and 4.

7.2.4.Procedure

ThelST wasadministered as part of a larggst battery used to obtain data for Studies
3, 4, and 5tsee Section 6.2.4 for the procedure.

7.3.Results

7.3.1.Assessing Inferential Skill
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Thedata werenspected prior to analysis. Since two versions of each story were created,
analysis was conducted to determine if one version of the stories was more difficult than
the other. There was found to be no difference between the number of errors made on
Version 1 and Version 2 for Year §(60) = 0.76p = .45, Year 7 {(49) = 0.13p =.90),

Year 9 ((49) = 1.01p = .33 or adults {(55) = 0.29p = .78. The data wereollapsed

across both versions.

Age-related changes imference generatioabilities wereestablished using a mixed
factorial ANOVA with number of errors as the dependent variable. The independent
variables were inference type, plausibility and age. To calculate the mean number of
errors for each condition, the number of errors for gecticipant in each condition was

first calculated. These totals were then used to create a group meacliccondition

see Table 7.1A visual summary of means can also be found in Figure 7.1.

Inspection of the skewness and kurtosis statistics redehht for allsix conditionsthe

data werenormally distributed. Homogergiof variance was not violatedOD XFK O\ |V
Test of Sphericity was significarfor inference type.A parametric ANOVA was
conducted to explore the effects of age, plausibility and inference tyglalbfnumber

of errors) with HuynhFeldt statistic reportedfor all analysesnvolving inference

Table 7.1 Mean number of errors (and Standard Deviatjoals conditions for all age
groups (max number of errors = 6)

27 Girden (L992) suggests that Huyfteldt, not the Greenhousegeisser correction, should be used when
the estimates of sphericity are greater than 0.75, as in these cases the Gre@alszesaorrection is
likely to be too conservative.
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Figure 7.1 Mean number of errors (and Standard Deviations)dbsix inference
conditions for all age groups

A 4 (Age: Year 5,Year 7, Year 9, adults) * 8nference Type: Litedla Coherence,
Elaborative) * 2 (Plausibility: RealWorld, CounterfactualVorld) mixed factorial
ANOVA was conducted. There was a main effect of &&(203) =8.37p<.001, So

= 0.14. Posthoc comparisons were conducted to exptbie main effecfurther. As
illustrated in Figure 7.2Year 5 were found to make more errors than Year 7, however,
due to the correction applied this did not reach significan@9] = 2.44p = .02. Year

5 were found to make significantly more errors than Ye&a(®9) = 2.95,p = .009, and
adults { (105) = 4.94p < .00]). Whilst means suggest a steady increase in inference
generationskill, none of the remaining comparisons were significar# (043 for all

remaining comparisonssee Appendix 7)1
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Figure 7.2 Bar Chart to show Main effect of ageross All Six Inference Conditions

There was a main effect of inference typd1.71, 362.08) = 123.89,<.001, S30.45.
Posthoc comparisons show that significantly fewer literal ertioas coherence (206)
=16.16,p < .00) or elaborative errors were mad€206) = 13.89p < .00)). Error rates
were found to be higher for coherence items compared to elaborative items, however, due
to the correction applied this difference did nadafe significancet((206) = 2.52,p
=.013. There was no main effect of plausibilify (1, 203) = .78p = .38, S30.0).
There was a significant interaction between inference type and=g@elé, 362.08) =
3.01,p=.011, S380.09 tsee Table 2.for posthoc analyseand Figure 7.3or visual
depiction Year 5and Year 9vere found to make significantly more coherence errors
than adults. This suggedtisat coherence inference generation skill digye between
Year 5 and adulthooddowever,this progress may be steady, with a period of limited
developmenbetween Year 7 and Year 9. Year 5 were found to make significantly more
elaborativeerrors than Year 9 and adults. This suggelstsorative inference generation
skill develops during adolesnce, with adultike levels achieved around YearAl age
groups made fewer literal errors than coherence alvoghtive errorsThere was no
significant differencéetweerthe number of coherence and elaborative errors rizade
Year 5, Year 7 and adtd. However, Year 9 were found to makggnificantly more

coherence than elaborative errors.
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Figure 7.3. Line Graph showing the interaction between age and inference type
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Table 7.2 Summary of comparisons conducted to exploréntieeaction between
inference type and age group

*significant at .01 level ** significant at .001 level
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There was a significant interaction between plausibility and inference Eyg&.&5,
383.70) = 8.63p < .001, S8 0.05. Posthoc contrasts showhat significantly fewer
literal than coherence or elaborative errors were made in thevoglal condition { (206)

= 10.38,p < .001;t (206) = 10.14p < .00], respectively and counterfactuakorld
condition € (206) = 12.13p < .001;t (206) = 9.20p < .00]). There was no significant
difference in the number of coherence and elaborative errors made in theoreal
condition € (205) = 1.20,p = .23. Conversely, significantly more coherence than
elaborative errors were made in the counterfastteald condition ¢ (205) = 3.76,p
<.00J. No other interactions were significaptX .70 for all interactionssee Appendix
7.2). This suggests that throughout adolescence coherence errors are no more difficult
than elaborative errors when processingl-veorld information. However, when
processing counterfactualorld information, the generation of coherence inferences

appear to be more difficult than the generation of elaborative inferences.

7.3.1.1. Additional Analysis

In the above analyses, Year 9 displayed a qualitatively different pattern of infeskititial

to the other threagegroups.The Year 9 sample comprises a high numbeZoP with
reading comprehension levels below -agklted expectationgsee Chapter.8.3.2 It is
possiblethenthat the qualitatively different pattern observed in Year 9 is daestomple
which comprisepredominantly weakomprehendersTo explore this further four new
groups were created based on reading comprehension@g4: yeargn = 49), 1013:11

years (n = 51), 145:11 years (n = 48), and 16 year§¥=59). See Table 7.3or a
summary of meand.o determine if the unique pattern observed in Year 9 is due to the
number of weak comprehenders in that groumixed factorial ANOVA, with number

of errors as theependent variable was conducted to explore changes in plausibility and

inference type as a function of reading comprehension age.

As with the analysis above, all assumptions for parametric testing were met, therefore, a
3*2*2 parametric ANOVA was conducted to explore the effects of age, plausibility and
inference type omskill (number of errors)with HuynhFeldt statistics reportedue to
ODXFKO\fV WHVW RI 6SKHULFLW\ EHLQJ YLRODWHG IRU
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Table 7.3Mean number of errors (and Standard Deviatioal$six inference
conditions for all Readind\ge groups

There was a main effect of inference typgX.65, 352.56) = 66.54,< .001, S380.39.
Posthoc tests revealed thagsificantly fewer literalthan coherence (206) = 11.99p

< .00)) or elaborative errorst (206) = 11.11,p < .00) were made. There was no
difference in the number of coherence and elaborative errors t{@66)= 0.78p = .44).
There was a main effect of age(@, 203) = 358,p=.016, S30.09. Posthoc pairwise
comparisonsevealed that the-3:11 yearsgroup made significantimore errors than 10
13:11 years groupt (98) = 2.82p =.009, 14-15:11 years groupt (95) = 2.72p = .008,

and 16 yearsgroup ¢ (106)= 2.78,p = .006).None of the remaining comparisons were
significant @ > .71 for all remaining comparisonssee Appendix B). There was no
main effect of plausibility (1,206) = 1.13p = .26, S30.0). There washowevera
significant interaction between plausibility and inference typ€L.(86, 396.65) = 6.3&
=.003, S30.09. There was no differendetweerthe number of literal and elaborative
errors maden realworld and counterfactuatorld conditions F (1, 205) < .001,p =

1.00, S & .00). However, significantly more coherence than elaborative errors were
made in the counterfactualorld condition compared to the reabrld condition F
(1,205) =47.38p=.009, S¥80.09. None of the remaining interagatis were significant

(p > .20 for all interactions £ See Appendix 7} The interaction between age and
inference type present in the original analysis was not present in this additional analysis.
This suggests that the difficulty generating coherence inferences displayed by Year 9 was
not due to the high proportion of po@maprehenders in this group. The possible reasons
for Year 9 to display a qualitatively different error pattern to all o#lvergroups are

discussed in Section 8.4.3.

7.3.2.Error Analysis
Analysis was conducted on the errors madealbsige groupso explore the role of real
world interference when processing counterfaetuailld information. Reaivorld
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interference is argued to be present if the participant selects theaadlalternative

instead of the counterfactualorld alternative. The forcedhoice pictureselectiontask

was designed so that errors caused by literal processing could also be identified, such that
one of the pictures depicted the literal state of events. Remaining errors were categorised
as unexplained errors, such that the causefefential failure could not be d&atmined

by the IST. Tables Z. and7.5. summarise the types of errors made when processing real

world inferences and counterfactwabrld inferences, respectively.

Table 7.4 MeanPercentage of Errofypesmade in ReaWorld Conditions

Table 7.5MeanPercentagef Error Typesmade in CounterfactualVorld Conditions

The generaltrends, presented in Table 7guggest that for alhgegroups realvorld

coherence errors are largelyréouted to literal pocessingsuch that of the total errors
made, between 64%2% of these errors could be attributed to literal processing
Conversely, for all groups realorld elaborative errors are predominantly categorised as
unexplained errors. For counterfactwadrld processingthe means presented in Table
7.5. suggesthat both coherence and elaborative errors are predominantly atilétda
reakworld interference® In sum, when processing counterfactwalrld information,
reatworld interference appears to be thgmary cause of errors. However, when
generating realvorld inferencesthe primary cause of inference generation failure varies

as a function of inference type, such that the primary aafusgherence inference failure

28 Statistical analysis wasot conducted due to limited data.
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appears to be literal errors, whas the majority of elaborative errors appear to be

response errors.

7.3.3.Reading Speed

Theanalysisof reading speeds concerned with the inferential tire®urse of successful
inference generation, therefore, all errors were removed. This resulbeel participants

from Year 5, two participants from Year 7, and one participant from Year 9 losing more
than 50% of their dat These participants weescluded from alsubsequenanalyses.
Consistent with previous research, a data trim was also cttjuwvith all scores +2
VWDQGDUG GHYLDWLRQV WKH SDUWLFLSDQWIIW JUDQ(
VWDQGDUG GHYLDWLRQV HDFK LW ieB.Galvd &DEgIoR HD Q
20019). If a participant had one or less available answer incai@ycondition, this was
WUHDWHG DV D PLVVLQJ YDOXH DQG UHSODFHG ZLWK
resulted in one Year 5 losing more than 50%hefr reading speed data. This participant

was removed. Whilst most outliers were evenly distrdzutacross all items and
participants, some items resulted in more than 50% of errors or oUtergear 5 and

Year 7 items 2a, 8b, and 11la were excluded from all analyses. For Year 9, items 2a and
8b were excluded from all analyses. For adults, item&2and 8b were excluded from

all analyses. In total, 4.47% of Year 5 data, 5.06% of Year 7 data, 3.97% of Year 9 data,
and6.30% of adult data wettest due to the dataitn conducted. Due to both erraasd
thedata trim, for Year 522.22% of readingmeed data wememoved. For Year 1,9.66%

of reading speed data wemmoved. For Year 9,81577% of reading speed data were
removed. For adults, 19.49% of reading speed data were removed. Whilst the level of
data lost due to errors appears quite higls donsistent with data loss rates in similar
studies recruiting child and adolescent samples (BoWyane & Snowling, 2010;
Casteel, 1993).

Since two versions of each story were created, analysis was conducted to determine if one
version of the storieswas more taxing than the other. There was found to be no difference
between the reading speeds of critical texts on Version 1 and Version 2 for YEE)5 (
=0.91,p=.37, Year 7{(18) =1.67,p=.10, Year 9{(18) = 1.66,p = .10 or adults

(18) = .22,p = .83. The data wereollapsed across both versions. For all groups a
participant mean reading speed was calculated for each condition. These means were then
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used to calculate group meanghich can be seen in Table 7/ visual summary of
meangan also be found in Figure 7Means suggest thdbr all age groups, coherence
inferenceevoking critical texts i@ read slower than elaborativégerenceevoking
critical texts and literal texts. For all age groups, there appears to be nertiéfdretween

reading speeds for elaborativderenceevoking critical texts and literal critical texts.

Inspection of the skewness and kurtosis statistics revealed that for all condiéiatagah
were normally distributed. Homogenity of variance was notiolated. However,
0 D X F KT2$#0¥ Sphericity was violated for inference typgarametric ANOVAwas
conducted to explore the effects of age, plausibility and inference tyglalbnumber

of errors) with HuynhFeldt statistics reporteor all analyses involving inferente

Table 7.6 Mean Reading Speed of Critical Texts (and Standard Deviations
(milliseconds) for all conditions for all age groups

29 Girden (1992) suggest that HuyRleldt, not the Greenhousgeisser correction, should be used when
the estimates of sphericity are greater than 0.75, as in these cases the Gre@alszesaorrection is
likely to betoo conservative.
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A 4 (Age: Year 5,Year 7, Year 9, adults) * 8nference Type: Litedla Coherence,
Elaborative) * 2 (Plausibility: RealWorld, CounterfactualWorld) mixed factorial
ANOVA was conducted. There was found to be a main effect of plausilbil{ty,{80) =
12.45,p=.001, S8 0.07, such that counterfactualorld items (nean = 5734.70, SD
= 1342.78 were bund to be read significantly slower than re@lrld items (hean =
5512.95, SD = 1256.24 This suggests that the processing of counterfagtadtl

information is more taxing than reaforld information.

A main efect of inference type wasbserved f (1.92, 346.25) = 6.93)=.001, S3a8
0.04). Posthoc pairwise comparisongvealed that there was no significant difference
between the reading speeds of literaeén = 5529.81, SD = 1300)0dnd elaborative
items fnean = 5551.08, SD = 1257.84;180) = 032,p = .75. Coherence itemsrean
=5790.58, SD = 1527.6%vere found to be read significantly slower than literal itetms (
(180) = 3.12p = .002 and elaborative items, however(180) = 2.92p = .004. This
suggests that coherence inferences anerg¢ed online, whereas elaborative inferences
are generated offline. A main effect of age whservedR (1,180) =44.73p<.001, S0

= 0.49. Posthoc pairwise comparisonf®und that the reading speeds of all groups
significantly differed p < .001- see Appendix 7)except for Year 9 and adults(93) =
1.31,p=.19. Adults (nean = 4469.95, SD = 1125)5nd Year 9rfiean = 4806.35, SD

= 1440.9) had the fastest reading speeds, followed by Yeaneag = 6025.74, SD =
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1451.45, and then Year thfean = 7193.25, SD = 2012.p@%ho displayed the slowest
reading speedsThis suggests inferential efficiency is achieved by Yeadrh&re were

no significant interactionsp(> .01for all interactions see Apendix 7.6 suggesting the
inferential patternswere the same for both reabrld and counterfactuatorld

information and across age grotfbs

7.4. Discussion

This study sought to establish aggated changes in realorld and counterfactuatorld
inference generation skilhgmber of errofsand spee (reading speed) in Year 5-19

years), Year 7 (1312 years), Year 9 (134 years) and adults (18 years and ougn)ike
previous research, the current study used the same methodology with all ageTgreups.
results of this study extend previous knodge in several ways. First, quantitative
changes in both reaborld and counterfactuatorld inference generaticskill and speed

were observed during adolescence. Both skill and speed improved during adol&scence
realworld and counterfactualorld information with adultlike performance observed

for inference skill by Year 7 and inference speed by Ye@h& bothconflictswith and
supportgpredictions made, such that courgetfiatworld skill and speed wergedicted

to decline during adolescenegherea reatworld skill and speed werpredicted to
improve Secondgonsistent with predictionslespite quantitative improvements during
adolescence, qualitative changes in onbfféne inferential timecoursepatterns were

not observed. Regardlesioe plausibility of informationall age groups read coherence
inferenceevoking critical texts significantly slower than literal and elaborative evoking
critical texts. This suggests coherence inferences are generated whilst reading whereas
elaborativeinferences are not, throughout adolesceReevious differences, then, may
thus be due to methodological discrepancies, as predithéd, qualitatively different

error patterns were observed for Year 9 compared to all other groups. Years 5 and 7 and
adults found the generation of coherence inferences no more difficult than the generation
of elaborative inferences. Conversely, Year 9 made significantly more coherence errors

than elaborative errors. This effect disappeared when groups were split bygreadin

30 Additional analysis was conducted with groups split by reading comprehension age instead of
chronological age. Patterns were the same when groups were split by reading age and chronolagical age
see Appendix 7.7.

208



comprehension age as opposed to chronological age. This suggests that Year 9 may be a
special time in the devagbment of inferential abilities and conflicts with predictions made,
such that no qualitative changes were predidtedrth,consistent with pedictions,for

all age groups, the process of realrld and counterfactualorld inference generation

does appear to differ. Counterfactwadrld inference generation appears to have
additional processing costs, compared to-veaild inference generatm evidenced by
slower reading speeds in all age groups. However, these costs appear to be effectively
managed for counterfactuaorld elaborative inference generation but not
counterfactualvorld coherence inference generatigvhilst not statistically ignificant,

means suggest this effect is most prominent in Ye&n@lysis of errors suggests that
difficulties faced when processing counterfactwalld information can be attributed to
reatworld interference. This suggests that throughout adolescereaéworld
interference is harder to inhibit whilst reading than when generating inferences with

strategic effort. These findings are discussed in relation to previous research below.
7.4.1. The Developmental Trajectory of Réalorld Inference Generation

Realworld inference generation skill and rembrld inference generation speed both
improved in all conditions during adolescence, with atikét performance in skill
achieved by Year 7 and speed by YearF8r inference generation skill, different
trajectories were observed for coherence ataborative inferenced-or coherence
inference generation, addike levels are observed in Year 7 but not Years 5 and 9, with
Years 5 and 9 making significantly more errors than adults. It is possible then, that
coherence inference generation skill develops throughout adolescence, with some
achieving aduHlike levels in Year 7, but some not achieving proficiency until later.
Alternatively, whilst not significantvisual inspection of mean number of errors made
suggest a declina performancdetween Year 7 and Year 9. Thic@nsistent with the
decline in reading comprehension observed between Year 7 and 9 in Chapter 6. It is
possible, then, that for son@herence inference generation skill declines betwean

7 and Year 9. However, this is a cra@sstional study, threfore, it is unclear if these
results reflect true agelated changes. For elaborative inference generation skill, steady
improvements were observed, with adike levels achieved betweéfear 7 and Year

9. Whilst quantitative gains in inference gertema skill during adolescence azensistent

with previous researcldiffering developmental trajectories for the two inference types

had not been noted (Ackerman, 1986, 1988; Baeted.,1996. This is likely due to
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previous research not distinguishing between the two inference types. This study thus
highlights the importance of exploring the developnariboth inference types during
adolescence. Current results also highlight slow msgafter Year 7. There are several
possible interpretations. First, significant improvements in inference generation skill may
occur between Year 7 and adulthood. However, the Image Selection Task (IST) may not
be sensitive enough to detect them. Whilgtrerates were low, particularly in Year 9 and
adulthood, ceiling effects were only observed for literal conditigns likely then that

the task provided enough breadth to tap the inference generation skills of all age groups
Moreover, as discussed Chapter 3, the stimuli and format in the IST were designed to
be suitable for the assessment of inferential abilities in a range of age groups. It is thus
unlikely that the limited development observed is due to the sensitivity of the IST. Second,
it is possible that basic inference generation skills are achieved by Yeesearch shows

that even young CYP are able to generate the same inferermgsltasvhen prompted
(Omanson et al.1978; Pariset al., 1977). It is possible then that basic inference
generation skills are achieved early on, but successful application of inferences is
constrained by decoding skills, text demands and/or ability to exjesisgerence. This

may explain why adulike inference generation skills were observed at a yeunge

than in previous researckexts in the IST were designed to be readable by the youngest
participants and expressive output demands were minimised by the use of a pictorial

response method.

In addition to the main effect of age) mteraction beteen inference type and agas
observed forskill (number of errors)such that whilst Years 5 and 7 and adults found
elaborative inference generation no more difficult than coherence inference generation
Year 9 made significantly more coherence than elaborative errors. An interaction was
also observed between plausibility and inference tgweskill (number of errors)
However,a threeway interaction between inference type, plausibility and age was not
significant. Visual inspection of means suggests that, whilst not significant, coherence
inferences are more difficult than elaborative inferences for Year 9 in the counterfactual
world condition only. Therefore, means suggest that forweald informaton, despite
guantitative gains in inference generation skill during adolescence, qualitative changes
do not occur such that for all age groups there was no difference in the number of
coherence and elaborative errors made. This refutes previous resdaothsuggests

that elaborative inferences are more difficult than coherence inferences for both children
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and adultye.g. BowyerCrane & Snowling, 2010; Cain & Oakhill, 1999; Cain et al.,
2001). The difference between the findings of the current studym@@awibus research
may be due to the measure used. Some studies have assessed irdkitbnsiaig online
measurs only (e.gCalvo & Castillo, 1996; 1998; 20@L Whilst these measures provide
information regarding those inferences that can be gedesateessfully whilst reading,
research shows that participants, particularly CYP, are able to generate more inferences
when prompted than spontously whilst reading (Omanson et d1978; Pariset al.,
1977). Moreover, those inferences generated whelstling are typically found to be
coherence inferences, with elaborative inferences tendihg tgenerated offline (e.qg.
Calvo & Castillo, 1996; 1998; 20812001b;Casteel, 1993; Casteel & Simpsd®9)).
This thus explains the superiority of coherenderentialskill compared to elaborative

inferentialskill when online measures are used.

Some studies finding that elaborative inference generation is more difficult than
coherence inference generation have used offline measures and prompts, howaver (Cai
& Oakhill, 1999; Cain et al., 2001; Casteel & Simpson, 1991). Typically, in this previous
research, whereas elaborative inferences require the integration of the text and the
readHU TV EDFNJUR XQ Gnoivzegelfasedidferenced), coherence rafeces

can be generated successfully by integratimg premises in the text (i.¢extbased
inferences). In the current study, both coherence and elaborative inferences were
knowledgebased inferences. This suggests that the discrepancy between the two
inference types in previous research may be due to differences in processing costs
associated with the knowled¢pased versus texiased inferences. This is supported by
Cain et al., (2001) who used knowledggsed inferencevoking stimuli to assess both
coherence and elaborative inferences and also found no significant difference between

coherence and elaborative inferenghill.

Alternatively, differences between the current findings @revious research may be
reflective of the pictorial response rhetl used in the current study. Static inferences
were explored in the elaborative condition, with a focus on properties thiat lseu
depicted pictorially e.gcolour and texture. The Immersed Experiencer Framework (IEF)
suggests that mental representatioare multimodal, including not just verbal
information, but other sensory informati@waan, 2003tsee Chapter 2.3.5The use

of pictorial test stimuli may thus have encouraged participants to create a pictorial

situational mental model. Moreover, tleF suggests that information is depicted in the
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mental model using the modality it was experienced in, since static properties are more
often experienced visually than verbally, these properties may thus be more easily and/or
strongly represented pictatly than verbally (Zwaan, 2003Compared to participants in
previous research using texased response methods, participants in the current study
may have found the generation of elaborative inferences no more difficult than the
generation of coherendeferences due to the nature of the pictorial situational model,
such that both coherence and elaborative inferences were readily depicted.

For inference generation speed, as measured by reading speed, quantitative developments
were observed until Year Year 5 read critical texts significantly slower than all groups,
Year 7 read critical texts significantly slower than Year 9 and adults, however, there was
no difference between the reading speeds of Year 9 and adults. This suggeditsesadult
inference geeration speeds are achieved by Year 9. This is consistenprexious
research (e.gCasteel, 1993). It is notable, though, that speed continues to improve after
skill has reached adtlike levels. It is possible that whilst CYP may have the basic
inference generation skills needed for success on the IST by Year 7, they are still unable
to execute these skills as quiclas Year 9s and adults, such that they are constrained by
slower access to the necessary knowledge, for example. In line with prexseasch,
qualitative changes in inference speed were not observed, such that all age groups were
found to read coherengeferenceevoking critical texts significantly slower than
elaborativeinferenceevoking and literal critical texts. There are two bk
interpretations. First, it may be that coheremferenceevoking critical texts were

simply more taxing than elaboratiaferenceevoking critical texts and literal critical

texts. This is unlikely given the measures taken to ensure similar té\celmplexity and
readability across conditiongsee Chapter 3. When exploring inference generation,
research has shown that even if two sentences are equal in syllable length, if one sentence
requires an inference for coherence to be maintained amdhtiedoes not, the sentence
requiring an inference will tak@hger to read (e.d?oynor & Morris, 2003). Therefore,

an alternative interpretation is that the additional processing costs associated with
coherencenferenceevoking critical texts are atbutable to the generation of the
coherence inference whilst reading the text. This interpretation is consistent with previous
research, which finds that CYP and adults generate coherence inferences, but not
elaborative mferences, whilst reading (e.Barnes et al.1996; Calvo & Castillo, 1996;

1998; 2004%; 2001b;Casteel, 1993; Graesser et 4094).
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In sum, quantitative changes in both inference generation skill, as measurechibgr

of errors and inference generation speed, as measured by readed) sgere observed
during adolescence, with adlike levels being achieved in Year 7 and Year 9
respectively Different trajectories were observed for coherence and elaborative
inferences, highlighting the distinctiveness of these inference typesfiGbgciall age

groups appear to generate coherence inferences whilst reading and elaborative inferences
after readingAll age groups appear to find the generation of elaborative inferences no
more difficult than the generation aoherenceinferences though Theefore, the
processes underpinning coherence and elaborative inferences, whilst distinct, do not
appear toqualitatively change during adolescenc&he speed at which inference
generation skills can be executed may be constrained cagoigscence, however.

7.4.2. The Developmental Trajectory of Counterfactd#lorld Inference Generation

Counterfactuainference generation skill and reabrld inference generation speed both
improved in all conditions during adolescence, with atikét performance in skill
achieved by Year 7 and speed by Year 9. For inference generationpskiiple
qualitative chages were observedh&re was no difference in number of coherence and
elaborative errors made in Year 5, Year 7, or adhtsyever,Year 9 made more
coherence than elaborative errofsor inference generation speed, patterns were
consistent across all aggoups, such that coherence inferences were generated whilst
reading whereas elaborative inferences wereTriw.findings of this studthusconflict
with previous research in several ways. First, previous research suggests that
counterfactualvorld inference generatioabilities decline with ageQeci et al.,1981;
Dorfman, 1989; Dorfman & Brewer, 1988 However, in the current study,
counterfactualvorld patterns largely mirrored reaorld patterns, such that quantitative
gainsin inference generatioskill and speed were observed duriagplescencewith
adultlike performance being achieved by Year 7 and Year 9, respectively. Second,
previous research suggests a conceptual shift in counterfagaiddl processing during
adolescence, such that whilstYE may generate counterfactwebrld coherence
inferences online, adults geae all inferences offline (Bowy&rane & Snowling,
2010; Graesser et al., 1998lowever, in the current study, reading speed patterns were
consistent acrosall age groups, wh coherencénferenceevoking critical texts read
significantly slower tan both literal and elaboratimeferenceevoking critical texts by
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all age groups, regardless of the plausibility of the information. This suggests, throughout
adolescence, counterfactwabrld coherence inferences are generated whilst reading,
whereas elaborative inferences are generated afeling. In previous research there
were methodological discrepancies regarding text length, complexity, plausibility, and
time intervalwhen exploring theounterfactuaivorld inference generatioabilities of

CYP and adults. The current study was unigguegh that the same methodology was
employed with all age groups. Discrepancies between the results of the current study and
previous research thus suggest that the differences observed between CYP and adults in
previous research are due to inconsisteniciegimuli and method as opposed to -age
related changes and conceptual shifts in processing. The stimuli used in the current study
were similar to tbseused by BowyeCrane and Snowling (20103hort texts comprising
fairy-tale-like implausible counterfaualworld information, with readability ages of 9
years or less. Itis possible, then, that difficulty generating counterfaetulnl coherence
inferences whilst reading may arise for adults or all age groups, with longer, more
complex texts, comprisingnplausible naturalaw-violating information (e.gGraesser

et al., 1998).

Whilst the changes in the inferential tirneurse suggested by previous research were not
observed in the current study, Year 9 did display a qualitatively different errompatter

all other age groups. Unlike the other groups, Year 9 found counterfacidél
coherence inference generation more difficult than counterfastuddl elaborative
inference generation. One possible interpretation of these results is that Year 9 are
struggling to generate inferences whilst reading. Previous research suggests that
coherence inferences are generated with minimal effort whilst reading and result from
largely unconscious processing. Conversely, elaborative inferences are thought éo requir
strategic effort, with the reader more aware of their processing (Graesser et al., 1994;
Long & Golding, 1993; Magliano et al., 1993; McKoon & Raicliffe, 1992). Year 9 may
thus be able to more actively suppress -vealld interference when generating
cownterfactualworld elaborative inferences compared to counterfastioald coherence
inferencesHowever this was a crossectional study, meaning the differences observed
across groups may be due to individual differences within each sample and not age.
Specifically, the Year 7 cohort was found to comprise stronger readers than the Year 9
cohort +tSee Section 6.3.3.Zherefore, the unique inference generation pattern observed

in Year 9 may be attributable to the sample used. This is supported by thenadidit
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analysis reported. When groups were split according to reading comprehension age rather
than chronological age, for @begroups, there was found to be no significant difference

in the number of coherence and elaborative errors made. Furtherchesgatoring
inference generation during Year 9 is needed, specifically exploring those skills and
processes that may underpin the suppression efuadd interference whilst generating

inferences.

It was predicted that for all age groups the processabfvorld and counterfactuatorld
inference generation would differ. Despite similar onlafine patterns being observed
for both realworld and counterfactuatorld inference generation, counterfactuairlid
critical texts were found to be read siggantly slower than realvorld critical texts by

all age groups. This suggests that counterfactald texts are more demanding than
realworld texts. This is consisté with previous research (e.Byrne, 2002; 2007).
Previous research suggests tha #udditional processing cost is due to the construction
of two mental models, a rewlorld and counterfactuatorld mental model, with the
resolution of conflicexperienced due tihe activation of related, but contradictory real
world information cogntively demanding (e.d=erguson, 2012). This is supported by the
error analysis conducted, such that&®%6 of the counterfactuaborld inference errors
made could be attributed to reabrld interference. Importantly, the extra time spent
processing courtfactuaiworld inferences appears to be effective for Years 5 and 7 and
adults, such that these groups made no more errors in the countesfaoidaionditions
compared to realorld conditions. However, as discussed abaweanssuggestthat
Year 9 mad more coherence than elaborative inference errors in the counterfaotlcl
condition but not the reatorld condition. This suggests, despite additional processing
time, Year 9s still appear to be displaying difficulty when generating counterfactual
world coherence inferences. Further research exploring why this is the case for Year 9

but no other age group is warranted.

In sum, whilst quantitative improvements in counterfactuatld inference generation

skill and speed were observed during adolesgermmvelopmental patterns of
counterfactualvorld inference generation whilst reading were found to be relatively
consistent across age groups, such that coherence inferences appear to be generated online
whereas elaborative inferences appear to be gedesétine. The finding that all groups

were able to generate coherence inferences whilst reading, regardless of the plausibility

of the information,directly conflics with previous researchThis may be due to
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methodological discrepancies in previous eamsh. Regardless of inference type,
counterfactualvorld critical texts were read significantly slower than+watld critical

texts by all age groups. Consistent with previous research, this suggests that the
processing of counterfactuatorld informatin is more taxing than the processing of+eal
world information, with this difficulty being attributed to the resolution of +«eafld
interference. For Years 5 and 7 and adults, the additional time spent processing
counterfactualvorld information appear® be effective, such that there is no significant
difference in realvorld and counterfactuatorld skill levels. However, Year 9 may be
experiencing difficulty generating counterfactwadrld coherence inferences, despite the
extra processing time. Futuresearch is needed to explore why this is the case in Year 9

but at no other point during adolescence.

7.4.3. Conclusions
Inference generation skill, as measurechbynber of errorsand speed, as measured by
reading speed, improved during adolescewith, adultlike levels achieved around Year
7 and Year 9respectively. Whilst inference generation skill appears to reachlddult
levels early in adolescence it is possible that the successful application of tliese ski
constrained in some waye g. speed at which knowledge can be accesdeglsd factors
(e.g.knowledge accessibility) may thus linmiference generation speed between Year 7
and Year 9, explainingghy adultlike performance is achieved earlier for inferential skill
than inferentialspeed When explored separately, coherence and elaborative inference
skills had unique trajectes. Coherence inference skill appears to develop throughout
adolescence, with a period of limited progress between Year 7 and Yeab®6rative
inference ski appears to develop steadily during adolescence, with -Aklelllevels
achieved between Year 7 and YearFar realworld inference generation, despite
guantitative gains in inference generation skill apded patterns tended to remain the
same throulgout adolescence, such that the generation of elaborative inferences was
found to be no more difficult than the generation of coherence inferences and whilst
coherence inferences were found to be generated online, elaborative inferences were
found to be geerated offline. For counterfactuabrld inference generation, patterns of
inferential timecourse were consistent throughout adolescence, such that coherence
inferences were generated online and elaborative inferences offline. However, throughout
adolesence, the resolution of confliekperienced due t@alworld interferenceappears
to resultin the generation of counterfactuabrld inferences being more cognitively
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taxing than the generation of reabrld inferences. For the most part, the extraessing
time attributed to counterfactualorld information appears to be effective, however, this
may not be the case for Year 9s when generating coherence inferences. Further research

is needed to explore those factors constraining inference generationgtiout
adolescence anah particularin Year 9.
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CHAPTER 8 PREDICTORS OF REAL-WORLD AND
COUNTERFACTUAL -WOLRD INFERENTIAL ABILITIES
DURING ADOLESCENCE

8.1.Introduction

Inference generation is a muliceted skill, with areas such as the supdranrtal gyrus

and dorsal lateral prefrontal cortex routinely activated when reading a text requiring an
inference for comprehension (ekgrstl et al., 20052008 JungBeeman, 205; Mason

& Just, 2004; Virtue et gl2006). Activation of these brain ardagelated to skills and
processes such as the selection of appropriate knowledge, semantic integration and
detection of inconsistenciel.is essential to understand how those skills underpinning
inference generation operate duradplescencas this nay further illuminate the role of
inference generation in higherder literacy skills duringadolescenceThe cross
sectional study reported here investigatdhe potentially varying independent
contributions of four key predictors: 1) amount of knowled8g accessibility of
knowledge, 3) inhibitory control, and 4) strength of belief bias in-weald and
counterfactualvorld inferentialskill in Year 5 (910 years), Year 7 (212 years), Year

9 (1314years) and adults (18years and over).

8.1.1.The Role of Knowledge in the Inference Generation Process

This thesis is primarily concerned with knowledggsed inferences due to their centrality

in situaional model construction (e.gsraesser et al., 1994; Kintsch, 1993; 1994).
Kintsch (1993) defines knowledgmsed inferences as those that result from the
DFWLYDWLRQ DQG VXEVHTXHQW LQWHJUDWLRQ RI D Ul
they are reading. When generating knowleblgeed inferences, research finds that, for
both adults ancCYP, those with high topic knowledge generate more inferences than
those with low topic knowledge, regéeds of IQ (Birch & Bloom, 2004 In this way,

the specific background knowledge a readessgsses determsie meaning they can
derive from a text (Graesser et d994). For instance, if the reader does not know what
arod is used for they cannot infer that the girl is going fishing when reading sentence A.
Furthermore, if a reader is agpert in finances and banking but naive in the area of
agriculture andishing, when reading sentence e reader may infer that the gisl

going to a monetary bank, rather tharivaerbank. Coherence woulk lost.
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Sentence A: The girl picked up hedrand headed tthe bank

Whilst specific topic knowledge does not necessardgy\vas a function of agei.e. a

CYP can be an expert in an area an adult knows little akdheé amount of general
knowledge possessed has been found to increabeagé (Schroeders et al., 2015;
Thorsen et al.2014). Subsequently, the likelihood of an individual possessing the
relevant knowledge needed to generate an inference on any given topic increases with
age. Simply increasing the knowledgease does not alwa result in associated
improvemend in inference generation skill, howev&arneset al. (1996 found that
even afterteaching the necessary knowledgeerelated differences in inference
generation skillwere still observedThis may bebecause inferee generation is
dependent upon not only possession of the necessary knowledgisobeiddy access to
said knowledgé€Barnes et al., 1996

Accessibility of knowledge refers to how quickly information can be retrieved
(Glucksberget al.,1993).It hasbeen shown that certain brain areas become more active
when individuals read sentences that require an inferemige Ghow et al.,2008;
Kuperberget al., 2006). This suggests that these areas are involved in inference
generation Skilled-comprehenderbave been found to display $eseuronal activation
than lessskilled comprehenders when generating an inferenoeever(Prat & Just,
2010;Prat et al.2007;2011). This suggests that skilledmprehenders engage in more
efficient processingtone posdile reason for more efficient procesgicould be that
skilled-comprehendersire able to access knowledge moeadily than less skilled
comprehenders

Barnes et al(1996) explored the relationship between accessibility of knowledge and
inference generan in CYP aged 6 16 years. Theyound that the role of knowledge
accessibility varied according to inference type. The importance of knowledge
accessibility was found to increase for realrld elaborative inferences, but decline for
realtworld coheence inferences. Barnes et aliggests that this is due to improvements

in accessibility of knowledge, such that, with age, more information is readily available
for elaborative inference geration. Barnes et alargue that as comprehension
monitoring impraves with age, older participants are more likely to detect coherence
breaks whilst reading. To maintain coherence, older participants are thus more likely to

engage in a search for the necessary knowledge, regardless of the accessibility of this
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knowledge.Therefore, for older participants, accessibility of knowledge becomes less
important as participants identify more coherence gaps and actively strive to fill these
gaps with the necessary knowledge. For younger participants, on the other hand,
coherence teaks may not be detected, thus a conscious search gelongnemory may

not be undertaken. As a result, the only inferences generated without prompting will be

those for which knowledge is easily accessible.

When processing counterfactwabrld informaton the automatic activation of large
amounts of related, but contradictory, realrld knowledge is argued to resultreal

world interference (Alter et al2007; Byrne, 2002; 2007; Evans, 2006). The resolution

of the conflictexperienced due teealworld interference is argued to be one of the
primary difficulties faced when generating caenfiactualworld inferences (Byrne, 2012;
Ferguson & Sandford, 20D8t follows, then that the more related reaforld knowledge

an individual possesses and thereneasily accessible this knowledge is, traereal

world interference thewill face when processing counterfactwabrld information.

Since both amount and accessibility of knowledge are found to increase with age, this
would fit with previous researctvhich finds that cognitive demands and difficulty
associated with counterfactuabrld inferential processing increase with ageciet al.,

1981; Dorfman, 1989; Dorfman & Brewer, 1988 sum, both amount and accessibility

of knowledge are implicatechithe inference generation process, with improvements
observed in both as CYP age. The role and importance of knowledge may vary as a
function of both age and inference type, however. Developments in said skills may thus

affect the inference generation pess duringdolescence

8.1.2.The Role of Inhibitory Control in Inference Generation

The representation of semantic knowledge is thought to be associative, resulting in the
activation of both related and contradictory knowledge when reagigyén de Broek

et al.,2005; van den Broe#t al., 1996; van den Broek et al., 1999). Language processing
takes place in working memory, with several skélsd processes interactinGdin &
Oakhill, 2006a; De Beni et al., 1998; Kershaw & Schatschneider, 20dlPet al., 1989.
Working memory capacity, however, is limited (Baddeley, 1986; Just & Carpenter, 1992).
Subsequently, the maintenance and integration of large amounts of knowledge would
leave little processing capacity for the execution of those otiggritive procsses, such

as comprehension miboring, needed to successfully generate an inference and
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comprehend a text (Cain, 2006; Oakhill & Cain, 2011; van den Broek, 2012). The amount
of knowledge activated, maintained, and integrated into the isiahtmodel whilst

reading musbe constrained in some way.

Inhibitory control has been implicated in the management of knowledge during the
inferential processe(g. Barnes et al.2004; Cain,2006; DeBeni & Palladino, 2000
Research suggests that tmmprehension to be successful, irrelevant and contradictory
knowledge must be suppressed in the early stages of the inferential peogeSsif,

2006; Harnishfeger, 1995). This creates a more manageable workspace, such that
processing costs are reduasionly the most relevantfarmation is processed (Barnes

et al.,2004; Cain, 2006 Good inhibitory control thus appearsntral to efficient and
accurate inference generation. This is supported by research showing that, compared to
those with strong imbitory skills, those with weak inhibitory control struggle to generate

inferences and ultimately comprehend a text (Cain, 2006; Gernsbacher & Faust, 1991).

Inhibitory control has also been implicated in counterfaetu@ld processing, such that

it is esential tothe suppression abnflicting reatworld knowledggHoude & Moutier,

1996; 1999; Houdet al.,200)). Inhibitory control has beemfind to develophroughout
adolescence andto adulthoodBjorklund & Harnishfeger, 1990; Romine Reynolds,
2005). Developmental improvements in counterfaetualld inference generation abylit
during adolescence woulde expected. However, previous research suggests that
compared to realorld inferential processing, difficulty associated with ceufstctual

world inferential processing increases with agg.(Ceci et al., 1981; Dorfman, 1989;
Dorfman & Brewer, 1988). The increasing processing difficulties associated with
counterfactualvorld information may be due twhenandhow in the inferentiatime-
courseinhibitory control is executed. The filtering model suggests that readers have a
bias for typical information, such that they will attend to, process and retrieve this
information more readily than atypical information (Graesser et al., 199@jcal
information is that which fits with prexisting schemas and reabrld knowledge. The
filtering model suggests that in the early stages of text processing, much of the
contradictory and irrelevant knowledge, that is automatically activated dissaciative

knowledge activatiomechanisms, is suppressed

Counterfactuaivorld information is, by nature, contradictory, as subfs information

may besuppressed early in the inferential process. Subsequently, counterfeatlaal
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information wouldneed to be reactivated if the counterfactwatld inference is to be
successfully generated. Research suggests that in many cases the reader may not
recognise that they need to reprocess the text since fijteformation may also provide

an illusion ol FRP S UHK(BlenddrdR € %l., 1982; Otero & Campanario, 1990;
Vosniadou et al., 1988). An illusion of comprehension refers to a basic representation of
the text in which inconsistent or difficult information is excluded, to create a version of
the tex the reader is able to understaBttong inhibitory control in the early stages of
text processing may thus hinder counterfactaild inference generation, such that the
necessary inference is not generated or the information needed is not reachtedgcti
resulting in a more timeonsuming processChis may thus explain the increasing
difficulty associated with counterfactuaforld processing from childhood txlulthood

(e.g. Dorfman 1989. However, the filtering model is based on the processing of
counterfactualvorld information in realworld contexts.There is a growing body of
research showing that counterfactualrld information processed in a counterfactual
world context is not treated as contradictory and, therefore, is not suppressed&Neeuwl
2012; 2013; 2015, Nieuwland & Berkum, 2006; Nieuwland & Martin, 20TRgse
studies have explored literal, rather than inferential text procedsingever It is thus
unclear if, when presented in a counterfactuaild context, counterfactuaorld
inferences could be generated with minimal-wgatld interferenceThe role ofinhibitory

control inthe processing of counterfactwabrld information in counterfactuatorld

contexts requires further exploration.

8.1.3.The Role of Belief Biases ithe Inferential Process

A belief bias is a cognitive preference to process information depending emorddl

beliefs, rather than logicThe mental model theory proposes a three stage model of
comprehension, with belief biases playing a central rokhenfinal stage of inference
validation (Johnsothaird & Byrne 1991;2002. For the inference to be fully encoded
LQWR WKH UHDGH U 1 \exP BbtriabRaird RRIByEE (1R91 VeugHesW\that

a conscious, cognitively demanding search or congtrucif a model in which the
inference is compatible takes place. To reduce processing costs, inferences consistent
with realworld beliefs are thought to be automatically accepted. Forwesdt

inferential processing, belief biases thus serve to redocessing costs whilst reading.
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Counterfactuaivorld inferences are inceistent with reaivorld beliefs, however,
meaninghe mental model theory would predict that they are not automatically accepted.
A conscious and cognitively demanding search andémstruction process must be
executed to resolvihis conflict. Sincerealworld knowledge is automatically activated,

in addition to a counterfactualorld inferencean inconsistent and inaccurate reairld
inference may also be generated (Kafit, 19881998; van den Broek et al995; 1999;
2005. This effect is evident in the literature, such that errors, when processing
counterfactual information, typically reflect confliotj reatworld information (e.gCeci

et al., 198]). The effects of beliefbiases when processing counterfactuatld
informationhave been observed for adults and G#eh that, compared to reabrld
consistent information, reading speeds and response times for countesfawntdal
information are longer and error rates amghler (Houde & Guichart, 2001; Moutiest

al., 2006;Bjorklund and Harnishfeger, 1990;

If the counterfactualvorld information is to be processed successfully, the interference
caused by belief biases must be inhibited (Houde & Moutier, 1996; 1999gldbad,

2001). Since inhibitory control has been found to increase with age (Bjorklund and
Harnishfeger, 1990; Romine & Reynolds, 2005), it is unsurprising that some have found
WKDW DQ LQGLYLGXDOYV Dgs4ls0 indvdasasRvith @délg.Etaik, EHO L |
1996; 1997). However, it hadso been found that children are able to overcome the
effects of a belief bias with more ease than adolescents and itdtse{l et al.,1996).

Mitchell et al.(1996) argueW KD W & < 3 deidashelibvip VU X#De-tfe character

must see an event to believe it and any other form of contradictory evidence is not
believed even if the reader knows the real state of events. Conversely, adults are argued
to adopt a more complex processing strategy, drawpmn their existing previous
knowledge to consider those factors that may lead one to accept another's message. This
leaves adults more vulnerable to belief bia3égs may explain the possible conceptual

shift in counterfactualvorld inference generatioprocessing observed betweefl®

years and adulthood (Bowy@&@rane & Snowling, 2010; Graesser et al., 1998).

When generating counterfactuabrld inferences during the comprehension of fantasy
and fictional texts the necessary counterfaetualld model § already providedRecent
research suggedisat counterfactualorld information is compared to a counterfactual
world model rather than realorld model, when presented within a counterfactaild

context (Nieuwland, 2012; 2013; 2015, Nieuwland & Berk 2006; Nieuwland &
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Martin, 2012). This suggests that readers may be able to put aside belief biases when a
counterfactualvorld context is provided. Moreover, it has been argued that when reading
naturally readers do not validate their inferences whalatling, as the cognitive effort
needed to do this would disrupt the natural reading process (Markman & McCullen, 2003;
2005; 2007; McMullen, 1997; McMullen & Markman, 2000). Instead, to avoid
comprehension disruption, all inferences are argued to benatitally accepted. At
present, research predominantly explores the role of belief biases in countexiactdal
reasoning, rather than counterfactualrld inference generation. Subsequently, belief
biases may not play such an influential role in theegation of counterfactuatorld
inferences when reading fantasy and fictional tekKisither research exploring the
potentially changing role of beliefdses in the inferential process during adolescence is

needed.
8.1.4.The Current Study

Amount of knowledge, accessibility of knowledge, inhibitory control, and strength of
belief bias appear to be some of the skills implicated in the inferential process during
adolescenceNot only are these skills central to rearld and counterfactuatorld
inference generation, developments in these skills are thought to be advantageous for real
world inference generation, but detrimental to counterfastald inference generation,

thus explaining thpossible conceptual shift in processinggested # the literature (e.g.
BowyerCrane & Snowling, 2010; Graesser et al., 1998)wever, previous research
typically explores the role of these cognitive skiifs isolation Furthermore, the
predictive utility of the cognitive components of inference gdimras rarely explored
developmentally. Little is known about which skill(s) is most important at a particular
time, how importance and role changes with age, or how the role of these skills may
change according to inference type. In addition, extantatitee focuses on
counterfactualvorld reasoningand/orcounterfactuatvorld inference generation with

no context. Therefore, little is known about how the four key cogns#kiks operate

when generating counterfactuabrld inferences from fantasy oicfion texts. The
current study sought to explore the role of amount of knowledge, accessibility of
knowledge, strength of belief bias, and inhibitory control in -vealld and
counterfactualvorld inference generation skill for foage groups: Year 5, e 7, Year

9, and adultsThis study aimed tda) investigate the independent predictive utility of

224



amount of knowledge, accessibility of knowledge, strength of belief bias, and inhibitory
control in realworld and counterfactualorld coherence and elalative inference
generationand(b) establish ageelated changes in the predictive utility of the four key
predictors in realorld and counterfactuatorld inferential processing in Year 5, Year

7, Year 9, and adultSince this study is primarily explkatory, no predictions were made
other than all skills woulte unique predictors of inference generation skill between Year
5 and adulthood.

8.2.Method

8.2.1.Participants
The same patrticipants recruited for Study 3 were also included in this sted@€hapter
6.

8.2.2.Design
A crosssectional design was employed with four age groups: Yeaild (@ars), Year
7 (1112 years), Year 9 (134 years), and adults (18 years and over) to explore age
related differences in the predictive utility of four prdr variables: accessibility of
knowledge, amount of knowledge, strength of belief bias, and inhibitory control. Working
memory capaity, 1Q score, and singleord-reading ability were controlled for due to
the relationship these variables have been faarshare with inference generation skill
(Carver, 1990Dixon et al.,1988;Goff et al., 2005Masson & Miller, 1983; Singer et al.,
1992;Singer & Richot, 1996; Whitney et al991). The outcome variables were:

x Reatworld Coherenc&kill (number of erors)
x RealWorld Elaborative Skill (number of errors)
x CountefactuatWorld Coherence Skill (number of errors)

x CounterfatuatWorld Elaborative Skill (number of errofs)

31 The IST providesneasures of both the inferential tirneurse (reading speed) and inference generation
skill (number of errons Number of errorsvas used in the current study as the dependent variable instead
of reading speed. Reading speed may be affected by decodirapdkbther aspects of reading
comprehension, which are not directly related to inference generation skill. To control for these factors a
difference score (inference reading spetiteral reading speed) would have been needed. However,

when calculatethis resulted in some negative scores. Due to the regressional nature of this study these
scores could not be used. Consequently, skily was explored.
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8.2.3.Materials

8.2.3.1.Intelligence, Working Memory, and WorReading Measures

IQ score (a composite of the vocabulary subscale and matrix reasoning subscale)
measured using the WASI, working memory capacity measured using thellBAS
backwards @it span task, and singleord-reading ability measured using the York
Assessment dReading Comprehensigrimary and Secondaryjere used as control
variables(Elliott et al., 1996; Snowling et aR009;2010; Wechsler, 1999Full details

of these measures can be found in Chafand.

8.2.3.2.Inference Generation Measure

The Image Selection task usedStudy 3 was usedsee Chapters 3 and 4

8.2.3.3.Amount and Accessibility of Knowledge Measure

A seventytwo-item timed sentence verification task was created to assess amount and
accessibility of knowledge. Thirtgix items required a true response and were dyectl
associated with the knowled@ase used in the Image Selection Task. Table 8.1 provides
examplestsee Appendix 8.1 for a list of stimuli. The remaining thsty items were
lexically and syntactically simildillers however, a false response was requirdtese

items were related to the knowledigase used in the IST but were not based on this
knowledgebase(e.g.plants give birth to baby plants). Each sentence was seven syllables
long and recorded by thesearcher. Each sentence was presented orally(tanaecount

for differences in reading skil§nd visually in the middle of the screen until participants
verified the sentence. Participants were instructed to press the tick button if they felt the
sentege was true and the cross button if they felt the sentence was false, immediately
after hearing the sentence. A button press was not accepted ugtititesentence had

been presented orally. Sentences were presented in a random order for each participant.
Accessibility of knowledge was indexed by response time in milliseconds. Amount of
knowledge was indexed by accuracy. Tailearise the participant withhe response
method and ensure appropriate volume, the task began with five practecetrdich
participants heard sentence which was syntactically and lexically similar to the
experimental sentenceand had to respond true or false. If particisaresponded
incorrectly, the researcher first ensured the participant could hear the sentences and then

226



explained the instructioregain The researcher was confident all participants understood
the task and response method before the task, proper, BegRriProBook Laptop using
E-Prime software was used to present stimuli and record response times (milliseconds)

and accuracy.

Table 8.1 Example of Knowledge Stimuli

8.2.3.4 Belief Bias Measure

A twenty-item reasoning from true and false premiseswaskused to assess belief biases.

To successfully overcome a belief bias, the participant must reason based on logic not
beliefs. Experimental items required participants to reason from a false premise where
the conclusion was true based on the premisegmted, but not beliefs. Control items

were used to ensure participants hasi®reasoning abilitiesi.e. could reason from true
premises. Fillers presented both true and false premises, but the conclusion was always
false based on the premise presented. Five items presented a true premise and true
conclusion (control), five items presented a true premisdase conclusion (filler a),

five items presented a false premise and true conclusion (experimental), and five items
presented a false premise and false conclusion (fillets®e Table &. for example

stimuli. See Appendix 8.2 for a full list of stimuThe premise was presented in the top

half of the screen in a white box with a blue outline. The conclusion was presented in a
white box with a green outline in the bottom half of the screen. Participants were
instructed to decide if the conclusion waset or false based on the preceding premise.
Participants were asked to respond as quickly and as accurately as possible. Items were
presented in a random order for each participant. Strength of belief bias was indexed by
a response time difference scdog correct itemsto control for differences in motor

control (experimentalcontrol). To familiarise the participant with the response method,
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the task began with four practice trials, one trial representing each condition. If a
participant answered ino@ctly, the researcher explained the task and instructions to
participants and what the correct answer should have been. The researcher was confident
all participants understood the task before the experiment, proper, began. A HP ProBook
Laptop using EPrime software was used to present stimuli and record response times

(milliseconds) and accuracy.

Table 8.2 Example Reasoning from False Premises Stimuli

8.2.3.5.Inhibition Measure

The RuleShift-Cards task from the Behavioural Assessment of the Dgsative
Syndrome (BADS; Wilson et al2003) was used to asss inhibition. Participants saav
VHULHV RI FDUGYV $V HDFK FDUG ZDV SUHVHQWHG SDU
RU pIDOVHY GHSHQ G Lsaytriedf tw sartl is baofelsd if tri¢doard is not

black Participants then saw the cards again, but were instructed to respond according
new a new rulessay true if the card is even, false if the card is not efzerors were

recorded by the researcher. Inhibition skill is indekg the number of errors made.

8.2.4.Procedure

All of the tasks used in this study were administered as part of a larger test battery used
to obtain data for Studies 3, 4, and 5. The procedure is the same as Skaty 3
Chapter 6.

8.3.Results

Thisstudy sought to explore the role of amount of knowledge, accessibility of knowledge,

inhibitory control, and strength of belief biases in inference generation skill in Year 5,
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Year 7, Year 9 and adults. First, agdated changes in each predictor variabtre
explored using ANOVAs. Then the role of these four predictors in inference generation
skill was analysed using multiple hierarchical regression analyses. The order of variables
was selected a prio Composite 1Q scores, singleord-reading scores anworking
memory capacity scores were entered in Step 1 to account for relationships between
inference generation, 1Q, weréading skill and working memorgapacity Individual
contributions made by each control component are not reported as this Weesaiot of

the study, however, they can be found in Appendsx Bo determinef a predictor made

an independent contribution to inference generation skill, above and beyond the other
predictors, three of the four predictors were entered in Step 2 amdhthegemaining
predictor was entered in Step 3.

To explore potential ageelated changes in the contribution of the four key predictors to
inference generation skill, separate regression analyses were conducted for each age

group, as opposed to controtjifior age.

8.3.1.Preliminary Analysis

For strength of belief bias and accessibility of knowledge taskalbitacorrect responses

were removed as the dependent variable was response time. Consistent with previous
research, a data trim was also conduistéth all scores 2 standard deviations above or
EHORZ HDFK SDUWLFLSDQWYYV JUDQG PHDQ EHLQJ UHP
DERYH RU EHO®grand béak beMyHentbved (eQalvo & Castillo, 2004).

In sum, for belief biases, 20% of &5 data, 16.80% of Year 7 data, 10% of Yeaatd d

and 3.90% of adult data welest due to errors and the trim conducted. These loss rates
are in Ine with previous research (eMoutier et al.,2006). Similarly, for accessibility

of knowledge 10.57% of Year 5 data, 8.22% of Year 7, 6.00% of YeaiaQ ahd 8.13%

of adult data weréost due to errors and the trim conducted. These loss rates are in line
with previous resarch (e.gNelson & Kossly, 1975). After this trim all participants still

had more than 50% of their data remaining.

8.3.2.Age-Related Changes in Accessibility of Knowledge, Amount of Knowledge,

Strength of Belief Bias, and Inhibitory Control

8.3.2.1.Data Screening
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Inspectionof the data revealed that whilst the assumption of homogeneity of variance
was met for most datasets, it was violated for the amount of knowledge dataset with the
largest standard deviation being more than four times greater than the smallest standard
deviation.The amount of knowledge data set was transformed using a log transformation
with the transformed data set usedall analyses. The data were skewed for all tasks.
Moreover, whilst outliers were transformed for the accessibility of knowledge and
strength of belief bias datasets, such that they were replaced with the highest or lowest
data point within normal rangeoutliers were left in for all other measures as they were
thoudht to reflect true scoreécross all age groups, this led to one outlier being included

in 1Q, vocabulary and amount of knowledge, and twdienstbeing included in single

word-reading. Casequently, noarametric tests were conducted for all comparisons.

In Table 8.3 the means and standard deviations for 1Q score (including vocabulary
subscale and ma reasoning subscale), singlord-reading skill, working memory
capacity, inferencegenerationskill (number of errors)amount of knowledge (total
correct), accessibility of knowledge (response time), strength of belief bias (response
time), and inhibitory control (number of errors) are presentedwsciidn of year group.
Table 8.3 shows that for all tasks performance appears to improve with age. A series of
independent neparametric ANOVAs were conducted to explore these differences

further.
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Table 8.3 Descriptive StatisticMeans and Standard Deviations) for Vocabyldvlatrix Reasoning, 1Q, Sing/ord-Reading,
Accessibility of Knowledge, Amount of Knowledge, Strength of Belief Bias, Inhibition Skill and Working Memory Capatigéor Al
Groups

Minimum and Maximum scoeerefer to minimum and maximum possible scores
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8.3.2.2.Accessibility of Knowledge

A non-parametric independent measures ANOVA was conducted to explore the effect of
age on accessibility of knowledge. A main effect of age was f@dn (3, N = 207 =
65.204,p < .00). Six independenhon-parametric {tests were conducted to explore
further. Results suggest that Year 5 access knowledge significantly slower than Year 7
(U=403.00p<.001,N=107), Year 9 U =273.00p<.001,N=101), and adults =
333.00,p<.001,N=107. There was found to be no significant difference between Year

7 and Year 9y = 528.00p = .030,N =100 or Year 9 and adult&J(= 723.00p = .088,

N = 106. Year 7 were found to access knowledgmificantly slower than adultdJ(=
680.00,p < .001,N = 107. This suggests that after Year 7, development in accessibility

of knowledge is gradual.
8.3.2.3.Amount of Knowledge

A non-parametric independent measures ANOVA was conducted to explatebieof
age on amount of knowledge. A significant main effect of age was obseBvik] N =
207) = 31.38p < .00)). Six independenton-parametrictests were conducted to explore
further. Adults were found to have significantly more knowledge Year 5 (U = 720.00,
p<.001,N=107, Year 7 U =559.50p < .001,N = 106, and Year 9 = 497.00p <
.001, N = 106. No other comparisons were significamt ¥ .81 for all remaining
comparisons). This suggests that amodikhowledge does not vafipom Year 5 to ear

9, however, adults do appear to have more knowledge than all younger*§roups
8.3.2.4.Strength of Belief Bias

A non-parametric independent measures ANOVA was conducted to explore the effect of
age on strength of belief bias.sfgnificant main effect of age was foun#l (3, N =207

= 25.27 p<.00)). Six norparametric independentésts revealed that Year 5 responded
significantly slower than Year (= 796.00,p = .009,N = 101), Year 9 U = 536.00,p

32t is important to note that amount of knowledge was near ceiling levels for all groups, althadgal g
development was observed. The lack of knowledge acquisition with age is surprising since the
knowledgebase necessary to generate inferences in the Image Selection Task was based on the Key Stage
2 and Key Stage 3 science curriculums. Subsequefehr, 5s would not have encountered the Key Stage
3 curriculum. However, the knowleddpase used was fairly general. For example, rather than focusing
on the specifics of reproduction explored in Key Stage 3 (e.g. mitosis), the knovilesigés focused on
general ideas (e.g. mammals give birth to live young, reptiles lay eggs).
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=.005,N =107 andadults U =719.00p< .001,N=107. Year 7 were found to respond
significantly slower than adultdJ(= 799.00,p = .002,N = 106. However, none of the
remaining comparisons were significamt ¥ .15 for remaining comparisois This

suggests a gradudévelopment in strength of belief biases from Year 7 to adulthood.

8.3.2.5.Inhibitory Control

A non-parametric independent measures ANOVA was conducted to explore the effect of
age on inhibitory control. A significant main effect of age was foudd3, N = 207) =
46.34,p < .00]). There was found to be no significant difference between the number of
errors made by Year 5 and YearlJ<£ 934.00p = .113,N = 10J). Year 5 were found to
make significantly more inhibition errors than Yearl®=% 482.50,p = .001,N = 10))

and adults thougH) = 435.00p < .001,N = 107). There was found to be no significant
difference between the number of inhibition errors made by Year 7 and Yé&hr9 (
552.50,p = .052,N = 100. However, Year 7 were found to magignificantly more
inhibition errors than adultd)(= 579.50, p <.001, N = 106 Year 9s were also found to
make significantly more inhibition errors than adults£ 612.50,p = .007,N = 106).

This suggests that whilst inhibitory control develops fromaly 5 to adulthood,
developnent between Year 5 and Yeaarfd Year 7 and Year 9 is minimal.

8.3.3.The Relationships between Amount of Knowledge, Accessibility of Knowledge,
Inhibitory Control, Strength of Belief Biases and Inferential Skill

8.3.3.1.Data Screening

Data screening revealed that all correlations were below \8Favalues were below 10

and all Tolerance values were greater than .1. For all analyses the-Watsion statistic

ZDV EHWZHHQ DQG VXJIJHVWLQJR¥FRH DV DXWERQR
Residual statistics were examined for extreme cases. For all analyses, there were never
more than three cases (out of 50) with standardised residual statistics higher than +/
Moreover, there was never more than one standardessdual greater than -2/5.
Therefore, it can be assumed that the regression models were accurate. For most analyses
residual errors in the model were normally distributed. For some models there was slight

skew, however, this was never severe.

For most aalyses assumptions of homoscedasticity and linearity were met. However,

there appears to be slight heteroscedasticity for the following models:

X Year 7 realworld coherence model
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X Year 7 counterfactuakorld coherence model
X Adult realworld coherence model
X Adult counterfactualvorld coherence model

The validity of these models is questionable and caution must be taken when generalising

these results beyond the current sample.

Means were calculated for each group for performance on each task. As can banseen f
Table 8.3, ceiling effects were present for amount of knowledge. No other ceiling or floor

effects were present.

8.3.3.2.The Predictive Utility of Amount of Knowledge, Accessibility of Knowledge,
Inhibitory Control, and Strength of Belief Biases irhe Inferential Process

This study aimed to explore the potentially changing unique contribution of each
component in the inferential process throughout adolescence and into adulthood.
Therefore, the individual contribution of each component, aftatrolling for all other
components is explored below for each inference type and each age group. For all
analyses composite 1Q scores, workingmoey capacity scores and singl®rd-reading

scores were entered in Step 1 to account for relationshipsdreinference generation

and 1Q, working memory capacity and decoding. The results of composite analyses,
combining all four predictor variables in Step 2, for each dependent variable can be found
in Appendix 84°3. Beta values for all variables for eachnesgion moel can be found

in Appendix 8.5

33 Additional analysis was also ran, such that groups were split by reading comprehension age instead of
chronological ageThis was due to the high number of weak comprehendersan%'#see Section
6.3.3.2.Results of this analysis are not reported as variance was largely explained by the control
variables, with no clear relationships emerging. This is unsurprising given the relationships reported
between reading comprehension géaword-reading ability, working memory and I@é&rver, 1990;

Dixon, Lefevre, & Twilley, 1988; Masson & Miller, 1983; Singer, Andrusiak, Reisdorf, & Black, 1992;
Singer & Richot, 1996; Whitney, Ritchie, & Clark, 1991).
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8.3.3.2.1 Amount of Knowledge and Inferential Skill

To explore the independent contribution of amount of knowledge, accessibility of
knowledge, inhibitory control, and strength of belief bias were entei@gpt2 and

amount of knowledge at Step 3efults can be found in Table 8817.

Table 8.4Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)

With RealWorld Coherence Inference Generation Skill as the Dependent Variable and
Amountof Knowledge athe Predictor Variablecontrolling for WordReading, 1Q, and
Working Memory Capacity, Accessibility of Knowledge, Inhibitory Control, and
Strength of Belief Bias

*p < .05, * p < .01, ** p<.001

Table 85. Summary of Fixe®rder Hierarchical Multiple Regression AnalysesR2)

With RealWorld Elaborative Inference Generation Skill as the Dependent Variable and
Amount of Knowledge dke Predictor Variablecontrolling for WordReading, 1Q, and
Working Memory Capacity, Accessibility ofiéviedge, Inhibitory Control, and

Strength of Belief Bias

*p < .05, * p < .01, ** p<.001

Table 8.6 Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Coherence Inference Generation Skill as the Depénden
Variable and Amount of Knowledge the Predictor Variablecontrolling for Word
Reading, 1Q, and Working Memory Capacity, Accessibility of Knowledge, Inhibitory
Control, and Strength of Belief Bias

*p < .05, * p < .01, ** p<.001

Table 8.7 Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Elaborative Inference Generation Skill as the Dependent
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Variable and Amount of Knowledge the Predictor Variablecontrolling for Word
Reading, 1Q, and Wonkg Memory Capacity, Accessibility of Knowledge, Inhibitory
Control, and Strength of Belief Bias

*p < .05, *p<.01,**p<.001

Amount of knowledge appears central to +walld coherence inferentiakill, sharing a
negative relationship, such theg amount of knowledge increases number ofweald
coherence inferential errors made decreases. Specifically, amount of knowledge was
found to account for 16.3%, 15.3%, 7.6% and 5% of variance in Year 5, Year 7, Year 9
and adults, respectively, afteordrolling for accessibility of knowledge, inhibitory
control, strength of belief bias, 1Q, waing memory capacity, and weréading skill.

Whilst a significant contribution was not made in Year 9, this was approaching
significance p = .06). Amount of krowledge also accounted for a significant 33.5%
unique variance in reaborld elaborative inferentiakill in Year 9.The relationship was
negative. Amount of knowledge did not make a unique contribution to any of the

remaining variablesp(> .17).

8.3.3.2.2 Accessibility of Knowledge and Inferential Skill

To explore the independent contribution of accessibility of knowledge, amount of
knowledge, inhibitory control, and strength of belief bias were entered at Step 2 and
accessibility of knowledget &tep 3. Radts can be found in Tables 83811

Table 8.8 Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)

With Realworld Coherence Inference Generation Skill as the Dependent Variable and
Accessibility of Knowledge dlse Predctor Variable controlling for WordReading,

IQ, Working Memory Capacity, Amount of knowledge, Inhibitory Control, and Strength
of Belief Bias

*p < .05, ** p<.01, ** p < .001

Table 8.9 Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)
With Realworld Elaborative Inference Generation Skill as the Dependent Variable and
Accessibility of Knowledge dise Predictor Variablecontrolling for WordReading,
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IQ, Working Merory Capacity, Amount of knowledge, Inhibitory Control, and Strength
of Belief Bias

*p<.05, *p<.01,**p<.001

Table 8.10Summary of Fixe@®rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Coherence Inference Gengoa Skill as the Dependent
Variable and Accessibility of Knowledgethg Predictor Variablecontrolling for
Word-Reading, 1Q, Working Memory Capacity, Amount of knowledge, Inhibitory
Control, and Strength of Belief Bias

*p<.05,*p< .01, **p< .001

Table 8.11Summary of Fixe@rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Elaborative Inference Generation Skill as the Dependent
Variable and Accessibility of Knowledgethg Predictor Variablecontrolling for
Word-Reading, 1Q, Working Memory Capacity, Amount of knowledge, Inhibitory
Control, and Strength of Belief Bias

*p < .05, * p < .01, ** p<.001

Accessibility of knowledge was a unique predictor of «wgatld coherence inferential
skill in Year 9 and adults, accounting for 18.8% and 29.4% unique varraspectively,

after controlling for amount of knowledge, inhibitory control, strength of belief bias, 1Q,
working memory capacity, and woreéading skill. The positive relationships ebged
suggest that as time taken to access knowledge increases numbewofiegtabherence
inferential errors made also increases. Accessibility of knowledge also appears central to
realworld elaborative inferentiakill accounting for 26.0%, 11.3% @ri2.5% unique
variance in Year 5, Year 9 and adults, after controlling for amount of knowledge,
inhibitory control, strength of belief bias, 1Q, vkong memory capacity, and word
reading skill. Again, the relationship was positive. Accessibility of kndgdedid not
make a unique contribution to any remaining varialges (09).

8.3.3.2.3Inhibitory Control and Inferential Skill
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To explore the independent contribution of inhibitory control, amount of knowledge,
accessibility of knowledge, and strength belief bias were entered at Step 2 and
inhibitory control at Step 3. The ndss can be found in Tables 8.1215.

Table 8.12Summary of Fixe@®rder Hierarchical Multiple Regression AnalysedR@)
With Realworld Coherence Inference Generation Sadlthe Dependent Variable and
Inhibitory Control asthe Predictor Variablecontrolling for WordReading, 1Q,

Working Memory Capacity, Amount of Knowledge, Accessibility of Knowledge, and
Strength of Belief Bias

*p < .05, * p < .01, ** p<.001

Table8.13.Summary of Fixe@®rder Hierarchical Multiple Regression AnalysedR@)

With Realworld Elaborative Inference Generation Skill as the Dependent Variable and
Inhibitory Control asthe Predictor Variablecontrolling for Wod-Reading, 1Q,

Working MemoryCapacity, Amount of Knowledge, Accessibility of Knowledge, and
Strength of Belief Bias

*p<.05,* p< .01, ** p<.001

Table 8.14Summary of Fixe@rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Coherencénference Generation Skill as the Dependent
Variable and Inhibitory Control athe Predictor Variablecontrolling for Word
Reading, 1Q, Working Memory Capacity, Amount of Knowledge, Accessibility of
Knowledge, and Strength of Belief Bias
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*p < .05, *p<.01,**p<.001

Table 8.15Summary of Fixe@rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Elaborativelnference Generation Skill as the Dependent
Variable and Inhibitory Control athe Predictor Variablecontrollingfor Word
Reading, 1Q, Working Memory Capacity, Amount of Knowledge, Accessibility of
Knowledge, and Strength of Belief Bias

Inhibitory control appears to play a key role in reairld elaborative inferentiakill in

Year 7 and adulthood. After controlling for reading skill, IQ, working memory capacity,
amount of knowledge, accessibility of knowledge, and strength of belief bias, inhibitory
control accounted for 12.1% and 21.0% unique variance inweddl elaboréve
inferential skill for Year 7 and adults, respectively. Simyla inhibitory control
accounted for 40.3% and 29.4% unique variance in counterfactull elaborative
inferential skill for Year 7 and Year 9, respectively. In adufitj inhibitory contol
accounted for 14.6% unique variance in counterfasctiwald coherence inferentiakill

in Year 9. Whilst inhibitory control was a positive predictor of +walld and
counterfactualvorld elaborative inference generation skill in Year 5 and Year h suc
that those with weaker inhibitory control made more inferential errors, the relationships
were negative for Year 9 and adults, such that those with weaker inhibitory control made
fewer inferential errors. Inhibitory control shared a positive relationshith
counterfactualvorld coherence inferentiakill in Year 9. The relationshipetween
inhibitory control and inference generation skill appears to be complex. Consequently,

this relationships explored further in the additional analysis betw

8.3.32.4.Belief Biases and Inferential Skill

34 Additional analysis was conducteslich that Year 9s with very high error rates were identified and
removed (n = 2). However, when these participants were removed, patterns did not change. Therefore,
these results are not reported.
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To explore the independent contribution of strength of belief bias, amount of knowledge,
accessibility of knowledge, and inhibitory control were entered at Step 2 and strength of
belief bias at Step 3. Ressicanbe found in Tablest8.16-8.19

Table 8.5. Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)

With Realworld Coherence Inference Generation Skill as the Dependent Variable and
Strength of Belief Bias dbe Predictor Variablecontrolling for WordReading, 1Q,
Working Memory Capacity, Amount of knowledge, Accessibility of Knowledge, and
Inhibitory Control

*p < .05, * p < .01, ** p<.001

Table 8.17Summary of Fixe®rder Hierarchical Multiple Regression AnalysedR@)

With Realworld Elaborative Inference Generation Skill as the Dependent Variable and
Strength of Belief Bias dbe Predictor Variablecontrolling foo Word-Reading, 1Q,
Working Memory Capacity, Amount of knowledge, Accessibility of Knowledge, and
Inhibitory Control

*p<.05,* p< .01, ** p<.001

Table 8.18 Summary of Fixe@rder Hierarchical Multiple Regression AnalysedR@)
With CounterfactuaWorld Coherence Inference Generation Skill as the Dependent
Variable and Strength of Belief Bias the Predictor Variable controlling for Word
Reading, 1Q, Working Memory Capacity, Amount of knowledge, Accessibility of
Knowledge, and Inhibitory Control

*p < .05, * p < .01, ** p<.001
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Table 8.19Summary of Fixe@®rder Hierarchical Multiple Regressiofinalyses {R2)
With Counterfactuaivorld Elaborative Inference Generation Skill as the Dependent
Variable and Strength of Belief Bias the Predictor Variablecontrolling for Word
Reading, 1Q, Working Memory Capacity, Amount of knowledge, Accessbility
Knowledge, and Inhibitory Control

*p <.05, * p < .01, ** p < .001

Strength of belief biases appear central to both coherence and elaborative counterfactual
world inferentialskill with positive relationships observed, such that the more time taken
to respond on the belief bias task the more counterfastordd errors made. Specifilty,

after controlling for worereading, 1Q, working memory capacity, amount of knowledge,
accessibility of knowledge, and inhibitory control, strength of belief biasesunted for
53.4%, 14.0%, and 16.8% of variance in counterfaatteald coherence inference skill

in Year 5, Year 7 and adults, respectively. Sinylastrength of belief biases accounted

for 25.0%, 15.7%, 9.2% and 17.2% of variance in counterfaetadt elaborative
inference skill in Year 5, Year 7, Year 9 and adults, respectively. Strength of belief biases
therefore appears to play a central role in counterfactadtl inference generation
processing during adolescence.

8.3.3.3.Additional Analysis +Exploring the Role of Inhibition

Floyd et al(2012) highlighted the indirect effects of many skills on comprehension across
the lifespan using multiple regression.w#ver, as noted by Floyd et §2012) most
multiple regression analyses fail to exq@ these indirect relationships and the factors that
may mediate them. Floyd et akgue that consideration of these relationships is likely to
lead to a much richer and clearer insight into reading comprehension. Given that the
direction of the relatioship between inhibitory control and inference generation skill
changed from positive to negative between Year 7 and Year 9, further analyses were
conducted to explore the role of inhibition in elaborative inference generation in more

detail. For each groupthe median inhibition score was calculated and used to explore
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individual differences in realorld elaborative inference generation skill and

counterfactualvorld elaborative inference generation SKill

8.3.3.3.1RealWorld Elaborative Inferenc&eneration Skill

For Year 5, there is no significant difference in number ofweald elaborative errors
made by those with good inhibition skills and those with weak inhibition skilf9) =
0.66,p = .51). For Year 7, there appears to be no sigaiit difference in the number of
realworld elaborative errors made by those with good inhibition skills and those with
weak inhibition skills { (48) = 1.91,p = .06. For Year 9, there was found to be no
significant difference in the number of reabrld elaborative errors made by those with
good inhibition skills and those with weak inhibition skill$48) =0.72,p = .48) 36, For
adults, significantly more reaborld elaborative errors were found to be made by those
with good inhibitory skills fhean =1.88, SD = 0.95 compared to those with weak
inhibitory skills (mnean = 0.63, SD = 0.95(54) =4.43,p < .00)). Therefore, inhibitory
control appears central to reabrld elaborative inference generation skill in adults, with

strong inhibitory skillsesulting in weaker inference generation skills.

8.3.3.3.2CounterfactualwWorld Elaborative Inference Generation Skill

For Year 5, there wsano significant difference in number of counterfactuarld
elaborative errors made by those with good inhibitgiills and those with weak
inhibition skills ¢ (49) = 0.71,p = .49).For Year 7, those with good inhibition skills were
found to make significantly fewer erronmm¢an = 1.08, SD = 1.)@han those with weak
inhibition skills (mean = 2.29, SD = 1.31(48) = 3.35p =.002. For Year 9, those with
weak inhibition skills were found to make significantly fewer erranegn = 0.81, SD =
1.09 than those with good inhibition skillsnean = 2.14, SD = 1.03;(48) = 3.95p

< .00D°%. For adults, there was nsignificant difference between those with weak
inhibition and good inhibition skills(54) =0.21,p = .83. Therefore, inhibitory control

appears to be central to counterfactwalld elaborative inference generation in Year 7

35 Median split analysis was conducted with those Year&dng a high number of inhibition errors
removed (n = 2). These results are not reported as patterns were the same regardless of whether these
participants were included or excluded.

%7 The same pattern was observed when those Year 9s identified hag mdigh number of inhibition
errors were removed (46) = 3.76, p = .00L
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and Year 9, however, ifgimary function appears to change during this tifftee nature

of this change is discussed below.

8.4.Discussion
This study sought to establialyerelated changes in tle®gnitive underpinnings of real
world coherence, realorld elaborative, counterfactualorld coherence and
counterfactuaivorld elaborative inference generation skill in Year 8.(Byears), Year
7 (12:-12 years), Year 9 (134 years) and adults (18 yeansd over). The independent
predictive utility of four key predictors (amount of knowledge, accessibility of knowledge,
inhibitory control, and strength of belief bias) was explored. The data presented here
extend knowledge in several ways. First, the d@ognunderpinnings of realorld
coherence, reakorld elaborative, counterfactualorld coherence and counterfactual
world elaborative inference generation skill differed and changed with age. Specifically,
knowledge was central to reabrld coherencenference, with a shift in importance from
amount of knowledge to accessibility of knowledge between Year 7 and Year 9.
Knowledge and inhibitory control were central to reairld elaborative inferentiakill,
with inhibitory control shifting from sharin@ positive relationship with elaborative
inferential skill in Year 7 to a negative relationship in Year 9. Belief biases and inhibitory
control were central to both counterfactwairld coherence and elaborative inference
generation skill. The direction ofhe relationship between inhibitory control and
counterfactualvorld coherence and elaborative inferensiill was found to fluctuate.
Taken together, findings suggest that coherence and elaborative inferences are distinct

inference types with unique dglopmental trajectories.

8.4.1.The Cognitive Underpinnings of RealVorld Coherence Inference Generation
Skill
Realworld coherence inference generation skill appears to be underpinned by knowledge.

Amount of knowledge made a significant unique contriyutio realworld coherence
inference genetin skill in Year 5 and Year &ccounting for 16.3% and 15.3% unique
variance, respectively. Accessibility of knowledge made a significant unique contribution

in Year 9 and Adults, accounting for 18.8% and 29u4Bigue variance, respectively.
Subsequently, whilst knowledge remains central to-wesld coherence inference
generation skill in all age groups, there appears to be a developmental shift between Year
7 and Year 9 in importance from amount of knowledg@dcessibility of knowledge.

These results support those implicating knowledge in the inferential process and build
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upon previous research by showing how the role of knowledge changes during
adolescenc@irch & Bloom, 2004; Prat & Just, 2010;d&®et al, 2007;2011).

The current findingsonflict with Barneset al (1996), one of the few studies to explore

the role of knowledge in inferential processing develeptally, however. Barnes et al.
(1996) found that the role of accessibility of knowledgeoimezence inference generation
declined with age. Realorld coherence inferences are argued to be drawn whilst reading
since they are essential to maintaining coherence (see Graesser et alSaB%equently,
Barnes et alsuggested that, due to incres comprehension monitoring skills and
identification of coherence breaks, accessibility of knowledge becomes less important to
coherence inference generation skill with age, such that readers will strive to generate the
inference and maintain coherenceer if the necessary knowledge is not readily
accessible. However, research suggests that in most cases coherence inferences are
generated with minimal effort, particularly as the reader develops, such that inferential
speed is fountb increase with agé/lagliano et al.1993; Millis & Graesser, 1994). This

IS unsurprising given thaesearch shows that both waehding skill and reading fluency
increase with age (Adlp€Catts, & Little,2006; Carver, 1993; TilstrdcMaster,van den

Broek, Kendeou, &Rapp, 2009). For older readers to generate inferences without
disrupting fluent reading, highly accessible knowledge would facilitate the efficient and
relatively automatic generation of those inferences needed to maintain cohehdste
reading. For pdicipants in Year 5 and Year 7, amount of knowledge was the strongest
independent predictor of realorld coherence inferential skill. Year 5 and Year 7 may
thus be more likely to engage in laborious search processes since reading is a slower and
more demanding process at this age (Adlof ef 2006; Carver, 1993; Tilstra et al., 2009).

An alternative explarteon may be due to Barnes et 61996) primingthe necessary
knowledge to control for the possibility of differing amounts of knowledge acrosg¢he
groups by, first, teaching pastpants the necessary knowledggse. As a result, when
generating coherence infexes in the Barnes et al. stutlg necessary knowledge, even

if not readily accessible, may have been weakly activated, thus requinimgaheffort

to be fully activated. Participants may have engaged in this additional processing,
knowing that they would find the knowledge they would need. However, when reading
naturally, knowledge is not primed in such a way, instdaglknowledge nessary for
coherence inferences is thought to be activitealigh associate processing, (van den
Broek et al. 1995; 1999;2005. Therefore, if the necessary knowledge is not freely

available to prevent reading disruptipnlder readers may not engagehis potentially
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time-consuming yet possibly fruitless task. Subsequently, accessibility of knowledge
would be essential to successful re@rld coherence inference generation for these older
groups. The results of the current study may thus be mdiextree of inferential
processing during the natural reading process. However, it is important to note that near
ceiling effects were observed on the amount of knowledge task. Therefore, the role of
amount of knowledge may not be adequately representld aurrent study, particularly

in older participants here variance in scores within the groups is minimal. In sum,
knowledge appears to be key to rearld coherence inferentiakill, such that with age
accessibility of knowledge becomes more impdrthan mere possession of knowledge.

This may be due to the increasing necessity to generate coherence inferences whilst

reading, with only minimal effort.

8.4.2.The Cognitive Underpinnings of RealVorld Elaborative Inference Generation
Skill

For Year 5, accessibility of knowledge was found to make the strongest unique
contribution to realvorld elaborative inferentiakill, accounting for 26% independent
variance, after controlling for all other skillsf interest in this thesisKknowledge
adivation is argued to be associative, such that semantic knowledge is thought to be
stored in networks, with those knowledge nodes with multiple or strong links to the target
knowledge node also being activatedniisch, 1988; 1998 Therefore, when readjnor
performing a conscious search of lelegm memory, improvements iknowledge
activation couldincrease the likelihood of the knowledge necessary for elaborative
inference gemation being activated arttie target inference being generated. Research
suwggests that knowledge activation increadering adolescence (Barnes et al., 1996).
This is supported by the findings of the current study, such that accessibility of knowledge
significantly increased from Year 5 to Year 7. Therefore, it is possiblestest when

given a prompt and time, Year 5 are still unable to retrieve the necessary knowledge.
Subsequently, when generating realrld elaborative inferences, Year 5 may only do so
with knowledge that is easily accessiifléhey are unable tquickly access the target

knowledge

The increase in knowledge accessibility may explain the central role of inhibitory control
in Year 7. Inhibitory control was the only skill found to make an independent contribution
to reatworld elaborative inference generatiskill in Year 7, accounting for 120%

unique variance, such that those Year 7s with stronger inhibitory skills were more
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successful when generating rearld elaborative inferences. Increasing knowledge
accessibility means that compared to Year 5, vadsamching londerm memory, Year 7

may activate more knowledge automatically. Subsequently, some of the knowledge
activated may berielevant. Inhibitory control would beeeded to reduce processing costs

by ensuring only the most relevant information iegessed €.g. Cain, 200§. This
reduces the load on working memory, allowing for the execution of those other skills and
processes necessary for igiece generation (e.gemantic integration).

There appears to be a shift in the primary function of itdmpcontrol in the elaborative
inferential process Iween Year 7 and Year Such that, whilst inhibitory control shares

a positive relationship with realorld elaborative inferentiakill in Year 5 and Year 7,

in Year 9 and adults a negative relaship is observed. This suggests that for the two
older groups, those with stronger inhibitory control are less successful when generating
realworld elaborative inferences. However, inhibitory control only makes a significant
contribution to realvorld eleborative inference generation skill in adults, accounting for
21% unique variance. There are several possible intetipretaFirst,inhibitory control

has been implicated in the suppression of irrelevant information and consequent
maintenance of a cleawvorkspace wist generating inferences (e.Gain, 2008.
However, if this process was to become too efficient, with only knowledge with very high
activation levels being maintained, inhibitory control could hinder elaborative inference
generation. Resedrcsuggests that elaborative inferences are generated offline for a
variety of reasons, onleeing thenumber of possibilities is too numerous to beyfull
explored whilst reading (e.Galvo & Castillo, 2001,22001h. Given that adults are able

to access kneledge with more eagkan CYR the number of possibilities available when
given time to consciously search letegm memory may be very high. Those with strong
inhibitory control may quickly isolate one idea whereas those with weak inhibitory
control mainain more possibilities. If, however, the one possibility selected by those with
good inhibitory control is inconsistent with the target inference then accuracy will not be
achieved. Alternatively, those with weak inhibitory control are more likely to Heve
target inference activated as a possibility. This is supported by the findings of the current
study, such that accessibility of knowledge also made a significant independent
contribution to the realvorld elaborative inferential processing of adudtscounting for
12.5% unique varianc&imilarly, inhibitory control was found to improve between Year

7 and adulthood and Year 9 and adulthood, but not between Year 7 and Year 9. This may

explain the pattern of results observed, such that Year 9 are imggiorfocus on just
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one possibility, but do not (or only some participants) have the level of inhibitory control

needed to do this successfully.

SecondthelST may not be suitable f@ssessment afhibition associated with language
processing Barnes e al., 2004; Cain, 2006; Gernsbacher, 1993; Harnishfeger, ;1995
Kintsch, 1988. Inhibition is thought to comprisB pIDPLO\Y RI1 VN LMIyaké, )ULHC
2004). The three functions include: 1) prepotent response inhikittbe suppression of

a dominant, often automatic resyse to the stimuli present@y response to distractor
inhibition xsuppression of irrelevant stimuli to focus on relexamuli, when loth are
present simultaneousi\8) resistance to proactive interference suppression of
information that is no longer relevant. Prepotent response inhibition and response to
distractor inhibition are related to incoming environmental infoilona Research
exploring the relationship between prepotent response inhibition and response to
distractor inhibition finds no difference between good and poor comprehenders
suggesting these aspects of inhibitory control do not underpin the reading cengowah
processesArrington, Kulesz, Francis, Fletcher & Barnes, 20Rdrella et al., 2014

Due to the motor response method,IBIE mayassess prepotent response inhibition. The
IST requires participants to select one picture from four. It is postible that more
impulsive responders do not consider all four possibilities when making their selection.
The IST may thus bdappingthis aspect of the individual as opposed to the inhibitory
control associated with accurate inference generation. Thiserpdgin the variation in

resuls observed.

Similarly, the ruleshift-cards task is dependent upon deliberate and conscious inhibitory
processing Wilson et al., 1996 The method of suppression in the comprehension
process, however, is thought to be ldyganconscious €.g. Kintsch, 1988. The
Constructionlntegration theory, for example, suggests that the knowledge integrated into
a situational model and the knowledge lost results from several iteration cycles, with
knowledge nodes with high activatioevels becoming stronger, and knowledge nodes
with low activation levels becoming weaker and eventually beingadeg or pruned.

The ruleshift-cardstask is unlikely to tap this implicit process of suppressin addition,

the ruleshift-carcs task is nba pure measure of inhibitory control, such that other skills
such as working memory and letgym memory are required for successful completion.
Finally, there is little variation in the adult D P SiGhibfidh scores. As a result, any dip

in performae could result in a strong relationship being observed due to the regressional
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nature of this study. It is important to note that all of these possibilities are extremely
speculative. Further research using several measures of inhibition is neededkdhepi
relationship between inhibition and inference generation skill.

For Year 9 amount of knowledge was the strongest independent predictor, accounting for
33.5% unique variance. It is possible that Year 9 are engaging in a laborious search
processes tond the knowledge which matches the target inference presented at the time
of test. Accessibility of knowledge was the second strongest predictor accounting for
11.3% unique variance. This suggests that whilst Year 9 engage in the laborious search
proceses needed for elaborative inference generation, this process is facilitated by readily
accessible knowledge. However, these suggestions are made very tentatively. The unique
pattern of skills underpinning inference generation in Year 9 coincides withqaeuni
pattern of inferentiaskill also occurring in Year 9. This suggests that Year 9 may be a

unique time in the processing of inference generation. This is discussed further below.

In sum, elaborative inference generation appears to be underpinned ssilatgeof
knowledge, however, as accessibility of knowledge increagebitory control seems to
become key. However, it is possible that the primary function of inhibitory control
changes with age. Whereas in Year 7 it appears that inhibitory cisme#ded to inhibit
irrelevant knowledge resulting from increasing accessibility of knowledge, in adults
inhibitory control appears to constrain the search process, minimising the possibilities
weakly activated at the time of test and/or the number e$ipilities isolated when
seartiing longterm memory. Similato the role of knowledge in coherence inferential
processing, the shift in function of inhibitory control may also occur between Year 7 and
Year 9.

8.4.3.The Cognitive Underpinnings o€ounterfactuatWorld Coherence Inferential

Processing

Strength of belief bias was the only predictor to make a unique contribution to
counterfactualvorld coherence inferentiakill in Year 5 and Year 7, accounting for
53.4% and 14.0% unique variance &dprely, such that those with stronger belief biases
made more counterfactualorld coherence errors. This suggests that when processing
counterfactualvorld coherence inferences, belief biases result in the activation of and
preference for processing temorld knowledge, which serves to limit successful

counterfactualvorld inference generation. This is consistent with previous research
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implicating belief biases in counterfactwabrld processing (Houde & Guichart, 2001,
Moutier et al., 2006; Richards &Sanderson, 1999). Extant research exploring belief
biases had focused on counterfactualld reasoning rather than counterfactwalrld
inference generation. Therefore, these findings extend previous research by highlighting
the key role of belief biasea counterfactualvorld coherence inferential processing.
These results also extend previous research by showing that even when a counterfactual
world context is provided, counterfactuabrld inferential processing still appears to be
affected by belief lases. This conflicts with previous research exploring counterfactual
world literal processing which finds that whilst initially incoming text is compared against
realworld beliefs, as the text progresses and a counterfagturdd mental model is
constricted text is compared against the counterfastuieald model instead g(g.
Nieuwland,2015. A tentative explanation is that belief biases may play a stronger role

in inferential rather than literal processing as inferences are constructed by integrating
one or more textual premise with existing knowledge. The reader thus creates the
inference; to be accepted the reader evaluates the validity of the inference generated
(Byrne, 2007. Belief biases may thus impede validation, a process not necessary when

processing literal information

In Year 9, strength of belief biases was no longer a significant independent predictor of
counterfactualvorld coherencénference skill Instead, inhibitory control was found to

be the strongest unique predictor, accountimglfh6% independent variance, such that
those Year 9s with stronger inhibitory control made fewer counterfactordd
coherence errors. Although not significant, strength of belief biases was the second
strongest predictor of counterfactwabrld coherene inference skill accounting for

6.3% unique variance. Previous research suggests that for counterfamtdal
processing to be successful, the +walld interferenceexperiencednust be inhibited
(e.g.-Moutier et al., 2006 This may thus explain thavotal role of inhibitory control,
above and beyond strength of belief biases, during Year 9. It is notable, then, that
inhibitory control does not make a significant independent contribution to counterfactual
world coherence inference skith Year 5 andvear 7. It is possible that the central role

of inhibitory control in Year 9, but not Year 5 and Year 7, is due to a qualitative shift in

the application of belief biases.

Mitchell et al. (1996) suggest that when processing a narrative, those -A@ege®'s
DSSO\ D uVHHLQJ LV EHOLHYLQJ UXOHY VXFK WKDW S

experience of an event. Conversely, adults are believed to adopt a more complex
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processing strategy, such that they consider othemadd alternatives that nyaaffect

WKH FKDU D F Whdref§rg, COHFriiay. iRapeVreadily accept the information in the
text, even when it is contradictory to what they already know, whereas adults will try to
find a realworld alternative that can explain the text. For exampheen reading® (Y HU \
day the boy ate chocolate cake all day long and every day the boy grew skinnier and
V N L Qdal) ie&dlers may activate background knowledge relating to food intake changing
body size. This may then lead to the inferereaing chocolatecake makes the boy
skinny Given that the text provides no additional informati@Y,P may accept this
LQIHUHQFH EHFDXVH LW LV EDVHG RQ WKH m&DUDFW
guestion the inference generated, and draw upon other knowledgesdougeaeratan
alternative realvorld inference that isonsistent with the texte.g the boy has bulimia

For the correct counterfactualorld inference to be drawn, the adult must inhibit the-real
world interference. Mitchell et a(1996) only usea child(9-10 yearsynd adult group,

thus the application of belief biases during adolescence was unknown. However, given
the central role of inhibitory control in Year 9 but not the younger groups, current results
suggest that Year 9 patterns are coasiswith the more complex application of belief
biases observed bydfladults in the Mitchell et atudy. The findings of the current study,
therefore, extend previous research by suggesting that the qualitative shift in the
application of belief biasesccurs between Year 7 and Year 9.

By adulthood, inhibitory control no longer makes a unique contribution to counterfactual
world coherence inference skilinstead strength of belief biases was the only predictor

to make a significant unique contributicaccounting for 16.8% independent variance.
The difference in patterns between Year 9 and adults may be due to improvements in
inhibitory control. For adults, inhibitory control may be sufficient, such that adults can
effectively inhibit the realvorld interference experiencedby the more complex
application of belief biases. In sum, belief biases appear central to counte+famtical
coherence inferentiakill across the lifespan. However, there appears to be a qualitative
shift in the way belief biasemre applied from Year 7 to Year 9, such that older readers

apply a more complex strategy.

8.4.4.The Cognitive Underpinnings of Counterfactualorld Elaborative Inferential
Processing

Strength of belief biases was the only predictor to make a uniqueibction to

counterfactuailvorld elaborative inferentiakkill in Year 5, accounting for 25.0%
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independent variance, such that stronger belief biases resulted in more errors. This is
consistent with the patterns observed for counterfagtodld coherencanferential
processing. For Year 7, strength of belief biases was still a unique predictor of
counterfactualvorld elaborative inferentiaskill, accounting for 15.7% independent
variance. However, inhibitory control made the strongest unique contribution, accounting
for 40.3% unique variancdhose with good inhibitory control were more successful
when generating counterfactuabrld elaborativeinferences than those with weak
inhibitory control. The increasing importance of inhibitory control from Year 5 to Year 7

is surprising, given that inhibitory control did not increase during this time, and strength
of belief biases decreased. However, theibitory control measure used assed
inhibitory skill (number of errofs not inhibitory speed. Research suggests that inhibitory
speed significantly increases between the ages of nine years and twelve years (Bjorklund
and Harnishfeger, 1990; RomineReynolds, 2005). Therefore, it is possible that those
Year 7s who were able to inhibit more accurately may also inhibit information more
efficiently. Subsequently, these Year 7s would be able to more quickly inhibit the real
world interference caused bylieé biases, thus aiding counterfactwedrld elaborative

inference generation.

In Year 9, inhibitory control remained the strongest unique predictor of counterfactual
world elaborative inference skillaccounting for 29.4% independent variance. Strength

of belief biases also continued to make an independent contribution, accounting for 17.2%
unique variance. However, the direction of relationship between inhibitory control and
counterfactualvorld elaborative inferentiakill was negative, such that thosegh good
inhibitory control made moreounterfactuailvorld elaborativeerrors. There are two
possible interpretations. First, elaborative inferences, are typically found to be generated
offline, such that the knowledge needed to generate the targeniodeis typicail not

readily accessibleti.e. minimal activation levels (Graesser et al., 1994; Kintsch, 1988).
Research suggests that irrelevant/andontradictory information is suppressed in the
initial stages of inferential processing to reducecpssing coste(g.Cain, 2006). Given

its counterfactuaorld nature and low activation levels, the knowledge necessary for the
generation of counterfactualorld elaborative inferences is thus likely to be suppressed

in the early stages of inferentialgeessing. Strong inhibitory control would thus hinder
counterfactuailvorld elaborative inference generation. Conversely, those with weak

inhibitory control may maintain the counterfactwadrld information, thus aiding later
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inference generation. Howevérjs not easy to explain why this would occur in Year 9,
but not Year 5 and 7.

Second, given that Chapter 7 suggests counterfasturdd elaborative inferences were
generated offline, these inferences may have been processed with strategic eff@t. Year
is a critical period in the development of reasoning and-emgaitive skills, such that
adolescents begin to question and evaluate the possibilities of informeggan{ed to

them (Swanson,990). Developing meta&ognition may hinder the consciousaseh of
long-term memory, such that Year 9 may consciously evaluate the plausibility of the
information, and due to belief biases, those with stronger inhibitory control may inhibit
information that is inconsistent with reabrld beliefs. This was obsemeby the
UHVHDUFKHU GXULQJ WKH WDVN VXFK WKDW <HDU V
ULJKW EHFDXVH« " 7KLV LV FRQVLVWHQW ZLWK WKH TX
biases discussed above. Given that the negative relationship bétwisgiory control

and counterfactuakorld elaborative inferentiadkill is not observed until Year 9, the

latter possibility is most likelyHowever, both suggestions antremely tentative

By adulthood, inhibitory control is still a negative predictd counterfactuaivorld
elaborative inferentiakkill. However, it does not make a significant independent
contribution, despite inhibitory control improving from Year 9 to adulthood. For adults,
strength of belief biases was the only predictor to makm@ependent contribution to
counterfactualvorld elaborative inferential processing, accounting for 17.2% unique
variance. The declining role of inhibitory control may be due to adults becoming more
flexible, such that further developments in abstrackihg allow adults to more readily
accept counterfactuavorld information (Flavell, 1971). However, the continued
independent contribution of strength of belief biases, suggests that countesfamidal
processing continues to be governed by a prefertaraealworld information. In sum,
belief biases appear central to counterfaetuaild elaborative inferential processing
from Year 5 to adulthood. Inhibitory control appears to be important also, particularly
during the Secondary School years. Thecfiom of inhibitory control during this time
appears to changdnowever Whilst in Year 7 inhibitory control inhibits realorld
interference, in Year 9 inhibitory control may inhibit the activation of knowledge deemed
implausible during a conscious seaofllongterm memory. Further research is needed,
given that, due to time constraints, it was only possible to use one measure to explore
each component of inference generation. For inhibitory control, in particular, it would be

interesting to explore thelationship between inhibitory control and inference generation
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using several measures sensitive to Isiilh and spee@dnd conscious and unconscious

processing.

8.4.5.Conclusions

This study highlights the unique developmental trajectories of four inference types during
adolescence: realorld coherence, realorld elaborative, counterfactualorld
coherence, and counterfactweabrld elaborative. Specifically, knowledge appearsre¢nt

to realworld coherence inferences with a shift from mere possession of knowledge to
accessibility of knowledge as the necessity to generate these inferences automatically
whilst reading increases. Reabrld elaborative inference generation, on theeohand,
appears to be underpinned by developments in knowledge accessibility and inhibitory
control, such that as more knowledge is readily accessible stronger inhibitory control is
executed. Howevelin some instances, this control may be sirong. Béef biases
appear central to both coherence and elaborative counterfaciddl inference
generation across adolescence. However, there may be a conceptual shift in the
application of belief biases between Year 7 and Ye&h#. study also highlights e 9

as a special time in inference generation development, with the possibility of qualitative

shifts, largely driven by inhibitory control, occurring during this time.
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CHAPTER 9 GENERAL DISCUSSION

This thesis sought to explore agdated changes realworld and counterfactuatorld
inference generation abiliseduring adolscence. To assess this wide -agiege, whilst
alsoeffectively and efficientlyassessing both inferential skill and tho@urse along with
possible reaivorld interference whemprocessing counterfactuadorld information a

new measure of inference generation was created, the Image Selection Task (IST). The
development and evaluation of the IST is detailed in Chapters 3 and 4. To promote a
natural reading process, the IST embedscal sentences into short fantasy stories.
Participants move through the text at their own speed,thattime taken to read critical

texts recordedhusproviding a measure of the inferential thoeurse. Each critical text

is followed by a forcedathoice pictureselection task which allows for a measureskifl
(number of errorso be obtained. The use of diagnostic fillers also allows for conclusions

to be drawn regarding the cause of inference generation failure. The IST was found to be
a valid masure ofinference generation abilities.uB to the use of a pictorial response
method, which minimises additional translational demands, the IST atgpears to
SURYLGH D SXUHU PHDVXUH RI &<3fhanlegdtiddJrhbt@skrnds JH Q F
utilising verbal response methods

The IST was used with Year 5, Year 7, Year 9 and adults in three studies to investigate:

1. The role of realvorld and counterfactuatorld inference generation abilities in
reading comprehension and text production dugitglescence (Chapter 6)

2. Age-related changes in rewalorld and counterfactuatorld inference generation
abilities during adolescence (Chapter 7).

3. The development and potentially changing role of those skills and processes
underpinning reaworld and countédactuatworld inference generation abilities
during adolescence (Chapter 8).

This chapter begins by summarising the key findings of this thesis and then relating these
to previous researcfihe educational implications of this research are consideresl. Thi
is followed by a discussion of research limitations. Finally, directions for future research

and conclusions are provided.

254



9.1. Summary of Findings

9.1.1. How does the role of inference generation in higloeder literacy skills change
during adolescene?
One aim of this thesis was @&xplore the role of iierence generation skill ireading
comprehension and text production proceshaing adolescencénference generation
was implicated in both reading comprehension and text production dueseence.
Therefore, this researchunique in nature such that it explicitly establishes a relationship
between inference generation and text production quality during adolescence. Second,
whilst not significant, visual inspection of regression coedfits suggests that, during
adolescence, the predictive utility of overall inference generation skill declines for
reading comprehension but increagastext production. This researthus highlights
the unique developmental trajectories of these higlagr literacy skills during
adolescence. Third, whilst not significant, visual inspection of regression coefficients for
each inference type suggests that-veatld coherence inference skill plays a growing
role in text production quality during adolescensuch that predictive utility appears to
increase. Conversely, the role of readrld coherence inference skill in reading
comprehension appears to decltheing adolescence. The oppogtgtern is observed
for realworld elaborative inference geneoat. The role of specific inference types in the

reading comprehension and text production process is discussed in more detail below.

9.1.1.1 Inference Generation and Reading Comprehension

Reading comprehension skill was found to improve througadokescence, however, a
period of limited development was observed between Year 7 and Year 9. A shift in
importance of inference type to the reading comprehension process was also observed in
Year 9. Specifically, realorld coherence inference generatgkill was found to be a

unique significant predictor of inference generation in all age groups. This is consistent
with skilled models of reading comprehension and inference generation that highlight the
importance of maintainingoherence whilst reading.g.Kintsch, 1988; 1998). However,
elaborative inference generation skill did not make a significant contribution to reading
comprehension skill until Year 9. This suggests a possible shift in the way coherence
inferences and elaborative infeoes are mpcessed when reading at13 yearsYear 9.
Coherence inferences are essential for basic understanding of a text. However, it appears
that as the CYP progresses a more enriched mental model is needed for the deep level of
understanding expected. This BRQVLVWHQW ZLWK WKH UHVHDUFKF

such that texts not only become more challenging with regards to syntactic complexity
255



and vocabulary, but also the depth of understanding expéttad 9 was also the point
where inferential procesginspeed (measured by readingeeag) achieved addlike
levels. Taken together, results could suggest that as inferential processing becomes more

efficient the reader is able to elaborate on the text in more detail.

Reading comprehension progress wasohserved between Year 7 and Year 9, however,
potentially suggesting that the increasing importance of elaborative inference skill may
be difficult to for Year 9s to manage. However, by adulthood, elaborative inference
generation was the strongest predictdrreading comprehension skill and reading
comprehension skill had significantly improved between Year 9 and adults. This suggests
adults are better able to deal with the demands associated with elaborative inference
generation as part of the reading s The findings of Chapter 8, suggest that this may

be due to increased knowledge accessibility and, as discussed below, the possibility that
some adults are generating elaborative inferences whilst reading. The research presented
here thusadds tothe arrent literature by showing that developments in reading
comprehension during adolescence may be fuelled, at least in part, by the more efficient
generation of elaborative inferences and specifically the use of more accessible
knowledge, with this shiftacurring around Year 9. These findings also demonstrate the
distinct role of coherence and elaborative inference generation skills in reading
comprehension, thus highlighting the need for further research to distinguish between the

two inference types.

9.1.1.2 Inference Generation and Text Production

Text production quality was found to improve throughout adolescence, however, a period
of limited development was observed between Year 7 and Year 9. The results of Chapter
6 also suggested that there is Htsh importance of inference type during Year 9, such
that coherence inference generation becomes more important than elaborative inference
generation. Specifically, the role of reabrld coherence inference generation skill in text
production quality vas found to increase with ageith the unique contribution of real

world coherence skilapproaching significance in Year 9 and reaching significance in
adulthood. Elaborative inference generation skill made a significant contribution in Years
7, 9 and adults, but, predictive utility was found to decline with age (although this decline
was nossignificant). This pattern of results is consistent with the knowkel§jiag model
(Bereiter and Scardamalia, 1987; Hayes 2012) such that whilst the first stage (knewledge

telling) is characterised by the generation of ideas with developments dukdmetn,
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the second and third stages are characterised by improvements in coherence and the
organisation of textAs discussed below, developments in coherence inference generation
were characterised by a shift in the function of knowledge, such thatséutisy of
knowledge became more important than amount of knowledge. It is possible then, that
developing writing is constrained atdirby amount of knowledge (i.the CYP does not

have the knowledge necessary to make a link between one or moreaddatsjen
accessibility of knowledge (i.ehe CYP only makes links between ideas when the

knowledge needed to do so is readily available).

In Year 5 and Year 7 the control variables (working memory capacity, 1Q, decoding)
accounted for substantial amosirgf variance in text production quality (45.9% and
29.1% respectively). However, as the predictive utility of inferential skill increased, the
predictive utility of the control variables declined. This pattern is consistent with the
Simple View of Writing(SVW; Jiel, 1988). According to the SVW, text production
quality develops as lovevel transcription skills become automatic and working memory
capacity increases, since this allows for the execution oehigtel ideation skillsti.e.
mental model costruction. The research presented here thus supports the SVW and
further extends this by explicitly highlighting the growing importance of coherence
inference generation skill as lelevel transcription skills become automafic. sum, he
application of oherence inference generation skitishe text production proceappears

to be mediated, at first by transcription skills, then amount of knowledge andhthen

accessibility of this knowledge.

9.1.2. How do inference generation abilities change duriadolescence?

A further aim of this thesis was explore changes in inferential skiimber of errors

and the inferential timeourse (speed) during adolescence. Inference generation
development appears to be largely quantitative during adolesceitbepraficiency
achieved between Year 7 and Year 9 for both-weald and counterfactuatorld
information. However, there also appears to be a period of qualitatively different
processing during Year 9, such that a qualitatively different error patesrolserved

for this group compared to all other age groups.

Inference generation skill appears to develop between Year 5 and Year 7, at which point
adultlike proficiency is achieved for both reabrld and counterfactuatorld inference

generation.The lack of development in realorld inference generation skill between
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Year 7 and adulthood is surprising and whilst cstest with some research (eGpasteel,

1993) conflicts with others (e.@®arnes et al., 1996). The results of this thesis may be
explained by use of the IST compared to a-tmded assessment tool. A pictorial
response method was chosen to minimise those verbal demands associated with the
translational process. It was hopéuitt this would provide a purer, less confounded
PHDVXUH Rl &<39YV LQIHUHQFH JHQHUDWLRQ DELOLWL
same inference generation skills as adults b2 Years, but these skills are constrained

by the verbal skills needdd translate text or construct an answer. This interpretation is
supported by the findings of Chapter 4, such that despite the use of the same methodology,
CYP performed worse on the sentence verification task (which used a verbal response
method, thus ragring decoding and translational processes) compared to the IST (which
used a pictorial response method, thus minimising decoding and translational processes)
whereas there was no difference for adults. This has implications for the classroom, such
that he implementation of the most effective intervention is dependent on successful
LGHQWLILFDWLRQ RI WKH &<3fV GLIILFXOW\ V 7TKHU
inference generation can be isolated from translation and verbal output processes may be
neead. This finding also provides an avenue for further research, such that it could be
fruitful to explore the translational and verbal skills that are constraining the successful
application of the inference generation process between Year 7 and adulthood.

Previous research suggests counterfaeu@ld inference generation becomes more
difficult with age, with a conceptual shift in the processing of counterfaatadt
inferences occurring between19 years and adulthood (Bowy€rane & Snowling,
2010; Cei et al, 1981; Dorfman, 1989; Dorfman & Brewer, 1988; Graesser et al., 1998).
The findings of this thesis thus conflict with previous research. This discrepancy may be
due to the tasks used. For instance, in the Ceci et al. (1981) study older pastioipgnt
displayed counterfactuaborld errors in their recall after a omeeek delay. Research
suggests that as a CYP ages they are more likely to store information by fitting it into pre
existing knowledge structures (Barnes et al., 1996; Chi, 1978).dllpithese are real
ZRUOG NQRZOHGJH VWUXFWXUHY ,Q WKH FXUUHQW WHEK
was assessed aft@n almost immediate delayd0ms). Therefore, storage and recall was
not necessary. Realorld interference may thus be hagghwhen storing and recalling

information than when reading, particularly for older CYP.

Qualitative developments during adolescence were not observed for the inferential time

course. All age groups were found to generate coherence inferences online and
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elaborative inferences offline, regardless of the plausibility of information. This was
evidenced by significantly longer reading speeds for-wneald coherence inference
evoking critical texts compared to reabrld literal critical texts. There was no sificant
difference between reading speeds for-maifld elaborative infereneevoking critical

texts and realvorld literal critical texts. This finding is consistent with previous research
(Calvo et al., 2006; Casteel, 1993; Ford & Milosky, 2008; Gexestsal, 1994; Prat et

al., 2011; Virtue et al., 2006; 2008). These findings also serve to extend the
Constructionist Theory by suggesting coherence inferences will be generated online, by
all age groups, even when reading fantasy texts and generatintgidactuaiworld
inferences. This findingonflicts with previous researebhich suggests a qualitative shift

in the processing of counterfactwabrld information between-20 years and adulthopd
though (BowyerCrane & Snowling, 2010; Graesser et d1998). The notion of a
conceptual shift was not based on direct comparison of CYP and adults, however, but
discrepancies in findings between studies exploring the countertaatdal inferential
processing of adults and CYP. Moreover, previous reseamglorgyg counterdctual

world text processing hasilised offline measures of inference generation, explored only
one age group, and/or not been @iplabout inference type (e.ggowyerCrane &
Snowling, 2010Ceci et al. 1981; Dorfman, 1989; Dorfman &rewer, 1988Graesser

et al., 1998 The differences between adults and CYP observed in the previous literature
thus appear to be due to methodological differences, such that this thesis has shown when
the same methodology is used to assess CYP and,adutisoups display qualitatively

similar patterns.

In line with previous research, for all age groups, inference generation was found to be
more difficult than literal processing, potentially resultinrgm a different process (e.g.
Chow et al., 2008; & et al., 2009Kim et al., 2012; Prat et aRP11; Virtue et al., 2006;
2008). Qualitative changes in inference generation skill during adolescence were
observed, such that a unique error pattern was observed in Year 9. Specifically, Years 5
and 7 anadults found the generation of elaborative inferences no more difficult than the
generation of coherence inferencPsevious research has found that the geroerati
elaborative inferences more difficult than the generaticof coherence inferencesde.
BowyerCrane & Snowling, 2010; Cain & Oakhill, 1999). There are several possible
explanations for this discrepancy in findings. First, elaborative inferences are typically
found to be generated offline (e.galvo et al., 2006). However, many of the

aforementioned studies have used online measures of inference generation, thus only

259



those inferences generated whilst reading are measured. Second, inferences can be either
text-based or knowledgkased, wittknowledgebased inferencerore difficult (Kintsch

1994). Many of the aforementioned studies have exploredbtesdd coherence
inferences but knowledggased elaborativeferences. Consistent with the findings of
this thesis, those exploring both knowledoggsed coherence and knowledgesed
elaboratie inferences find no difference skill levels (e.gCain et al., 2001). Third, the

use of pictures may have encouraged the construction of a highly enrichednouldi
situational model. The static inferences explored in this study oftiéected visuh
featuresze.g.colour. The construction of highly enriched visual situational models may
thus facilitate elaborative, specifically static, inference generation. If this is the case, the
results of this thesis support those theories suggesting that medizls are mukmodal

as opposa to merely propositional (e.gwaan, 2008

Year 9found coherence inference generation more difficult than elaborative inference
generation. Although not significant, visual analysis of means suggests that thisseffect
primarily due to Year 9 experiencing more difficulty with coherence inference generation
compared to elaborative inference generation in the counterfaedui condition.
Positioning Year 9 as a unigue time in development is supported by the additialyais
conducted in Chapter 7 such that when data were analysed according to reading
comprehension age, and Year 9s were dispersed across groups, all groups made a similar
amount of coherence and elaborative errors, suggesting the pattern obsewedois d
chronological age not reading age. Year 9 also displayed a different pattern to all other
age groups when those skills underpinning counterfaetadt inference generation

were explored (Chapter 8), such that inhibitory control, not strength ief belses was

key. Taken together, it is possible that, compared to the other age groups, for some reason
Year 9 are facing more rewalorld interference when processing counterfactuaidld
coherence inferences compared to counterfagtodld elaborativeinferences. As a

result, suppression of this conflicting information becomes key to success. Several
reasons for the possible qualitative shift in counterfastiwald processing during this

time are discussed in Section 9.1.3.3.

For the most part pattes were the same for reabrld and counterfactuatorld
processing, however, counterfactwadrld information was processed significantly
slower than realvorld information by all groups. This finding was predicted, such that
previous research suggeste fhrocessing of counterfactuabrld information is more
taxing than the processing of rembrid information for all age group&®.g. Bowyer

260



Crane & Snowling, 2010; Ferguson, 2012; Graesser et al.,, 1998). Previous research
suggests that the additional pessing time is spent resolving conflict experienced due to
realworld interferencetthe automatic activation of related but contradictory-veadld
knowledge This is supported by the error analysis conducted in Chapter 7, such that for
all age groups rad both inference types, the primary cause of counterfactoidl
inference generation failure was attributed to-veatld interferenceThe additional time
spent processing counterfactwabrld information appears to be effective in most cases,
such tha counterfactualvorld inference generation was not found to be any more
difficult than realworld inference generation, except for counterfaetualld coherence
inferences in Year 9, as discussed above. Bothwedt and counterfactuatorld
inferencegeneration development during adolescence, then, is largely quantitative in
nature. However, some qualitatively different processing may be occurring during Year
9, such that counterfactuatorld coherence processing during this time appears to cause

somedifficulty.

9.1.3. How do the cognitive underpinnings of successful inference generation change

during adolescence?

The role of amount of knowledge, accessibility of knowledge, inhibitory control and
strength of belief biases in inference generation skill during adolessesi€ealso
explored in this thesisThis research builds upon the findings of existing studies by
showing that, during adolescence, each inference type appears to be underpinned by
different skills at different times. Specifically, reabrld coherence inference generation
appears to be underpinned by knowledge throughout adolescence, with a shift in
importance from amount of knowledge to accessibility of knowledge around Year 9.
Knowledge and inhibitory control appear central to elaborative inference generation
whereas strength of belief biases appear to underpin counterfacildl inference

generationEach inference type is discussed in more detail below.

9.1.3.1.RealWorld Coherence Inference Generation

The IST was carefully designed for this thesis such that fillers were designed to reflect
common reasons for inference generation failure, allofon@ meaningful analysis of
errors to be conducted. For all groups, walld coherence errors were primarily

attributed to literbprocessing (Chapter 7i.e. the participant not integrating the ideas
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within the critical text using their backgrounddwedge. This is supported by the results

of Chapter 8, which implicate the integration of background knowledge in the successful
generation of realorld coherence inferences, although there appears to be a shift in the
role of knowledge processes. Wheremmount of knowledge was found to be the
strongest unique predictor of reabrld coherence inference generation skill in 6d&ar

and 7, accessibility of knowledge was found to be the strongest unique predictor of real
world coherence inference generatsiill in Year 9 and adults. This shift may be due to

whenin the reading process coherence inferences are generated by different age groups.

The Simple View of Reading (SVR) suggests that the application of inferential processes
(and other higheorder skls falling under the umbrella of linguistic comprehension) is
constrained by decoding skills in children, such that it is not until decoding is automatic
that inferential processes can operate whilst reading. The results of this research and
previous stdies, however, suggest that even young children are able to generate
coherence inferences whilst reading, despite decodings skdt being automatic
(Omanson et al1978; Pariset al.,1977). It is possible then that whilst not automatic,
decoding skillsare proficient enough by-80 years for the simultaneous execution of
inferential skills whilst reading. Alternatively, online comprehension may be slowed by
limited decoding skills, but not constrained completely. Instead, astage more
conscious readg comprehension process may take place where text is decoded and then
higherorder processes are executed. ¥&and7 may engage in a conscious search for

the necessary knowledge, once the text has been decoded, explaining why possession not
DFFHVVLELOLW\ RI NQRZOHGJH LV NH\ 7KLV LV DOVR
collection observations and classroom obagons. Children will often appear to pause

and consider what they have read once they have successfully decoded.

For Year 9, on the other hand, decoding skills may be automatic. This cannot be
determined by the current study as the shvgbed-reading tak employed assessedrd-

reading skill not speed. Proficient models of reading comprehension, that assume
decoding proficiency, suggest that, due to associative mechanisms, knowledge is
automatically activated whilst readifigintsch, 1988; van den Broek al.,1995; 1999;
2005;Zwaan, 2003 Barnes et al(1996) suggest that the amount of knowledge that is
readily accessible via associative mechanisms improves with age as knowledge networks
become better organised. This is supported by the findinge altinent thesis such that
accessibility of knowledge was found to increase with age. Working memory resources

are thus no longer primarily attributed to conscious decoding and large amounts of
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associated knowledge are also readily availablieréntial pocesses may bexecuted

whilst reading, as opposed to the tst@p process discussed above. A conscious search

of longterm memory wouldlisrupt the fluid reading process, explaining the increasing
importance of accessibility of knowledge over amountraiidedge. The reading speed
measure used in the current research does not distinguish between pauses and reading.
Therefore, it remains unclear when Year 5 and Year 7 are engaging in inferential
processing. An eye tracking study, which could map paus@sioins and regressions to

determine reading processes, would be needed to explore this further.

9.1.3.2.ReatWorld Elaborative Inference Generation

For Year 5 accessibility of knowledge was the strongest predictor of elaborative
inference generation. The Constructionist Theory suggests that elaborative inferences are
generated offline, when prompted, after a conscious search efdongnemory, as the
knowledge needed for the generation of these inferences is neither readily accessible nor
strongly activated whilst reading (Graesser et al., 1994). Knowledge is thought to be
stored in networks (Kintsch, 1988; 1998). Developments in knowledge networks are
thoughtto reflect not only the addition of new knowledge, but the reorganisation of
knowledge, resulting in more efficient knowledge activation via associative and
conscious search mechanisms (Barnes et al.,)1%®%&r 5 were slower to activate
knowledge thanlbother groups, suggesting their knowledge networks may not be as well
organised as the other groups. Therefore, even when given a prompt and time to search
long-term memory, Year 5 may still experience difficulty efficiently activating the
necessary knoledge. Year 5s may thus only generate elaborative inferences with
information that is easily accessible. This is consistetit thie results of Barnes et al.
(1996) who found that knowledge that was readily accessible was twice as likely to be
used when geerating an inference than knowledge that was more difficult to access.

Typically, knowledge inhibited is that with low activation levels due to weak or minimal
connections with other nodes in the currently activated mental model of the text (Kintsch,
1983). When reading, knowledge necessary for coherence inferences is likely to have
strong and numerous connections with currently activated nodes, but this is na&ethe ca
for elaborative inferences. Consequentlkyy €oherencenference generation there is
likely to be one strong overriding inference, with multiple connections. Conversely, for
elaborative inferences, several competing possibilities, with similar activation levels may

be accessed when the reader performs a conscious search a&rtongiemory
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Maintenance and integration of all possibilities would be cognitively demanding and
SRVVLEO\ RYHUZKHOP WKH UHDGHUYVY OLPLWHG ZRUNL
generation failure (Cain & Oakhill, 2006a; De Beni et al.,, 198&rshaw &
Schatshneider, 201P The reader must thus select one possibility, inhibiting all others.

The number of competing possibilities will be determined by how readily accessible the
UHDGHUYVY NQRZOHGJH LV .QRZOHGJH DFFHVVLELOLW\
may thus access more representations than Year 5, explaining the central role of inhibitory
control in the elaborative inferential process of Year 7s. This also explains the increase in
inference generation skill and inference generation speed obsetwekb Year 5 and

Year 7 H.e.developments in inference generation abilities during this time are driven by
developments and interactions between accessibility of knowledge and inhibitory control.

In opposition to the positive relationship observed inrYea negative relationship was
observed between elaborative inference skill and inhibitory control in adults. This
suggests that for adults those with stronger inhibitory control make more elaborative
inference errors. There are several possilblighly speculative,reasons for this
relationship. Although not detectable in the current findings, some adults may have been
generating some elaborative inferences offfimefunction of inhibitory control in online
inference generation is to suppress the autiomactivation of irrelevant and/or
contradictory knowledge, thuseating a clear workspace (eCgin, 2006; Harnishfeger,
1995). Elaborative inferences are argued to be generated offline as there are oftem multipl
plausible possibilities (e.dAlbrechtet al.,1995). Whilst adults may be able to maintain
some of these possibilities whilst reading, maintenance of all possibilities could still
overload working memory and thus result in comprehension failure. Adults with strong
inhibitory control may thustrongly inhibit all possibilities, except the one (or two) that

IS most strongly activateélowever, if this does not match the target picttive,IST will
suggest an error has been made. Those adults with weak inhibitory control, however, may
also be tbhse with a more limited working memory capacity (the -shédt-cards task is

not a pure measure of inhibitiopsuch that success is dependent on other skidlsiding

working memory capacijyand thus this group may generate elaborative inferences

38 Data in the current study may have been skewed by those adults not generating elaborative inference
online. This was the case in the Long et al. (1994) study. Their findingesteg that elaborative

inferences were generated offline, until they split their sample by working memory capacity. The high
working memory capacity group were found to generate elaborative errors whilst reading, whereas the
low working memaory capacity gup were not.
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offline, allowing for more conscious control and consideration of several possibilities.
This interpretation fits with the developmental patterns of inference skill and speed
observed between Year 7 and adulthaaath that whilst skill did natmprove, seed did.

Alternatively, the negative relationship observed may be attributableetanterence
generation measurgsed in the current research. Inhibition is thought to comprise a
MIDPLO\T RI VNLOOV )ULHGPDQ OL\DNH 1)prepoieltH WKL
response inhibitiont the suppression of a dominant, often automatic response to the
stimuli presergd 2) response to distractor inhibitioAsuppression of irrelevant stimuli

to focus on relevant stimuli, when thoare present simultaneousdy resistance to
proactive interferencessuppression of information that is no longer relevant. Resistance

to proactive interference is the type of inhibitory control most often implicated in the
readng comprehension process (eBprella et al., 2014 However, due to the motor
response method used, success on the IST may not be dependent on this type of inhibitory
control. Similarly, it is possible that the regéift-cards task is not tapping the type on
inhibitory control associated with reading camipension. The rulshift-cards task is
dependent upon deliberate and conscious inhibitory processing (Wilson et al., 1996). The
inhibitory control likely to operate during reading comprehengdargely unconscious

(Cain, 2006; Harnishfeger, 1995; Kints 1988). This interpretation is consistent with

the lack of relationship observed between inhibitory control and coherence inference
generation skill in the current research, such that coherence inference generation is
thought to be automatic and largeliyconscious. All of the possibilities discussed above

are highly speculative, research exploring the role of inhibitory control using several

measures would be needed to further clarify results.

For Year 9, amount of knowledge was the strongest predi€telaborative inference
generation skill. Year 9 were also found to display a different error pattern to all other
groups, such that they made significantly fewer elaborative errors than coherence errors.
The superior performance and strong role of amafnknowledge, followed by
accessibility of knowledge, suggests that some Year 9s may be engaging in a laborious
search process to find the necessary knowledge, even when this knowledge is not readily
accessible. Year 9 may be the only group to engadesratditional processing due to

their point in cognitive developmel KLOVW <HDU DUH MXVW HQWH
Operational Stage, Year 9 are deep withirDul{t, 1972. Those within this stage are

more likely to engage in speculation and posybile.g. consideration of multiple

alternatives and hypotheses) and to search for additional information that will confirm
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their newway of thinking Unlike Years 5 and 7, Year 9 may thus have considered several
plausible realvorld elaborative possibilgs, judging these against the four pictures,
before selecting the target. Whilst adults are also thought to be in the Formal Operational
Stage, research shows that whilst conflict and questioning (e.g. challenging of ideas
people and perspectives) is fuemt during adolescence, by adulthood thedeabiours

begin to reduce (e.&teinberg & Morris, 2001). Unlike Year 9, adults, then, may select

a possibility and stick with it, instead of considering all possibilities. This suggests that
Year 9 may be a ugue stage in development, such that qualitatively different processes

are engaged.

9.1.3.3 CounterfactuaWorld Inference Generation

For Year 5, Year 7 and adults, for both coherence and elaborative inference skill, strength
of belief biases was the sihrgest predictor, such that those more efficient at overcoming
belief biases made fewer counterfactwakld errors. When text is read, proficient
models of reading comprehension suggest that related knowledge frortetong
memory is automatically actived via memorybased processes (elgintsch, 1988

1998. For counterfactualorld critical texts, the realorld knowledge is consistent with
beliefs but not the text. The reader must thus suppress their belief biases to generate the
correct inference. The results of this thesis suggest that whilst bekekhizay operate
whilst reading the additional time spent resolving the conflict experienced is effective,
such that no significant difference was observed betweenveeldd and counterfactual

world skill. Additionally, all age groups were able to genemanterfactuaivorld
inferences whilst reading when they were necessary for coherence. For all age groups,
constructionist processes must thus operate, potentially reducing plausibility constraints,
resulting in the inhibition of reakorld knowledge andsuccessful generation of the

counterfactualvorld inference.

Inhibitory control was also found to play a role in counterfaetu@ld inference
generation. Inhibitory control was the second strongest predictor of counteraoticl
elaborative inferencgeneration in Year 7, after belief biases, such that those Year 7s
with stronger inhibitory control generated counterfactuaild elaborative inferences
with more success. Given the discussion above, it is likely that inhibitory control plays a
role in irhibiting the realworld interference caused by belief biases. Whilst inhibitory
control was also a significant predictor in Year 9, the relationship was negative. A
negative relationshipvas also observetbetween inhibitory control andealworld

elaboratve inference generation skill. As discussed above, the negative role of inhibitory
266



control in elaborative inference generation could be due to difficulty weighing up several
options if all but one possibii is quickly suppressed. Alternatively, as disses above,
the pattern of results observed could be an artefact of the measures used.

It is also possible that the shift in the function of inhibitory control reflects a genuine shift

in the role of inhibitory control in counterfactuabrld processing. wvious research
suggests a shift in counterfactwedrld processing around the ages of1 years
underpinned by developments in inhibitory control (Raefetseder et al., 2010; 2013). It is
suggested that older CYP and adults apply a more complex couohieHaorld
processing strategy, such that they consider two worlds. Younger CYP are thought to
apply a simpler basic processing strategy, such that only onlel weorcreated and
considered. When reading, the construction of only one msdelounterfactal-world

model +would be beneficial such that reabrld interference would be minimal. In
conflict with previous research, the results of Chapter 7 suggest that inhibitory control
doesnotimprove from Year 7 to Year 9 (Bjorklund and Harnishfeger, 18@fimine &
Reynolds, 2005). However, previous research suggests that improvements in inhibitory
control are largely due to increasing efficiency during adolescence. The inhibitory control
measure sed in the current research tapgeduracy not speed. It possible then that

those Year 9s with superior inhibitory accuracy in the current research are also those Year
9s who are able to more quickly inhibit information. If the shift in processing strategy is
attributable to increasing inhibitory efficiency theéfear 9 may be facing more
interference than the other age groups, explaining the negative relationship observed. This
interpretation is highly speculative. Further research would be needed to explore the role
of inhibitory control, using several measures,realworld and counterfactuatorld

inference generation skills during adolescence.

Finally, it is important to note that critical texts were presented within a fantasy world
which provided a plausible context for the counterfaetualld critical texs. Previous
research exploring counterfactwabrld text processing within a counterfactuabrld
context finds accommodation after an initial delay which is associated with the setting up
of a counterdctuatworld mental model (e.drerguson2012; Fergson & Sanford, 2008

Hald et al., 2007). ReaVorld critical texts were also presented within a fantasy context,
yet realworld information was processed faster than counterfaetadt information.
Unlike previous research in which the counterfactuaild critical text is primed by the
counterfactualvorld contexfthe fantasy contexts used in the IST were designed to reflect

the natural reading process such that the critical texts in the current thesis were not primed
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by the story context. ConsistenttivWarren eal. (2008) the results of this thesis suggest
that, for all age groups, likelihood predicts processing difficulty in counterfasiod
contexts, not plausibility per se. Rewbrld information would be more likely given that
even counterf@ualworld mental models are grounded by realrld knowledge. It is
argued that readers create counterfaetw@lds by applying the nearesbgsible world
constraint £i.e. only minimal changes are made to rearld beliefs (Rafetseder et al.,
2010). Taken together, it is likely that readers experience less interference when
processing counterfactualorld information in counterfactuaborld contexts once the
counterfactualvorld context is familiar, constraints are set and counterfawtadt
informaton is no longer unexpected. This would explain how readers are able to engage
so fully with fantasy and fiction texts, becoming lost in the fantasy world. Further research

would be needed to explore how these worlds are built over time.

9.2. EducationalApplications
TKURXJK WKH UHVHDUFKHUYY ZRUN LQ VFKRROV VKH E
to promote comprehension in the classroom and small groups. However, many of these
strategies appeared to be things teachers thought would work, ratmeéheh@esult of
evidenceebased practice or the design of an individualised intervention following a
specific assessment. As discussed befbe/findings of this thesisan be used to support
the limited evidencdase exploring comprehension and texinposition programmes
and strategies for struggling adolescents and the design of assessments which could lead

to individualised intervention for those most in need of support.

9.2.1. General Classroomnd SmaltGroup Strategies

Gregg Brooks provides an overview of the literacygto-one,small groups andwhole
classstrategiesand programmeavaiable to schools in the UK in his fifth edition of
HM:KDW ZRUNV IRU FKLOGUHQ DQG \RXQJ SHRSQ@81 ZLWK
However, whilst government statistics highlight the literacy needs of secondary school
CYP (Department for Education, 20)5acompared to the number of interventions
targeting word reading and spelling in primary and secondary school CYP, the number
of interventions targeting comprehension and text composition are limited. Moreover, a
review of the interventions reported by Brooks suggests that of those interventions
FODLPLQJ WR VXSSRUW WKH GHYHORSPHQW RI FRPSL
through a quiz at the end of each passage. However, in line with the systematic review
conducted by Paul and Clarke (2016), those interventions found effective at improving
268



comprehension explicitly teach comprehension strategies. For example, Brooks
highlights inference training as an intervention for secondary school CYP. Similarly,
%URRNVYV KLIJKOLJKWYV p6HOI 5 HIXODWHG 6WUDWHJ\ 'HY
improve writing skill in CYP in Years 6 and 7. The programme promotes planning,
monitoring ancevaluation, with planning supported by readrld visits to different areas.
Further support for this intervention comes from Tosga, Torgerson, Ainsworth,
Buckley, Heaps, Hewitt, and Mitch¢2014) who, using a randomised control tfiaijnd

SRSD haa positive effective on the writing skill of the intervention group, in comparison

to the control group, after 20 weeks. Furthermore, Brooks highlitjetefficacy of
reciprocal reading, an intervention that can be used at the small group level to teach and
promote skills in the following comprehension strategies: predicting, clarifying,
questioning and summarising. Although Brooks presents this as an interventi@afer Y

5 to 6, through practical work in schools, the researcher is aware of this intervention being
used more widely across the primary schgedrsand in some secondary schools. It
appears, then, that to promote comprehension abilities, one must daegglyand teach
comprehension strategies, with the teaching of inference generation one such skill to
target. The results of the current thesis thus support this body of research and the
classroom practice the researcher has observed. However, in lngrextous research

as discussed below, this thesis may be able to extend and elaborate on the specific

teaching of inference generation to small groups and whole classes.

Given that coherence inferences were found to beergéed online, regardless of
plausibility, strategies should be used to promote the generation of these inferences whilst
reading. The findings of the current thesis suggest that possession of and, particularly
during the Secondary School years, ready access to the necessary kniadedge
essential to the successful generation of a coherence inferBmeeis in line with
research finding that training students to activate their background knowledge when
reading can improve their comprehension (Bgykley, Mastropieri, & Scruggs021).
Educational practitioners should thus encourage the activation of the knowledge
necessary for these inferences before and whilst reading. This will be particularly
important for those groups who may not possess the rmegdsowledge themselves

eg. EAL learners, pupils from deprived so@gonomic areas who may have limited
experiencesBefore reading activitiesould include speaking and listening activities such

as brairstorming ideas across the class, small group or paired discussion, antechalt

stimuli to prompt discussion and encourage learning of ié@asvocabularyDuring
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reading activities could include thinkaloud modelling by an adult highlighting how
background knowledge is activated and uselink two or more ideas (e.g. W Kit. &f
WKH WH[W UHPLQGV PH Rl«" TXHVuvh&k@d @lers withH [ W V

different symbols to encourage the activation of specific knowledge.

Elaborative inferences were found to be generated offline. Therefore, elaborative
inferencegeneration questions and activities should be reserved for after reading. The
successful generation of these inferences is dependent on a solid mental model for use in
later comprehension tasks. A solid mental model can be encouraged using the techniques
and activities discussed above. Elaborative inference generation was found to be
dependent on both accessibility of knowledge and inhibitory control during Secondary
School. Therefore, tasks to promote activation and consideration of elaborative
knowledge bould be promoted. Activities could include drawing or writing wba

setting or character (e.gianted postersypole-play and hot seating (e.gased on what

\RX NQRZ DERXW ; ZKDW ZRXOG KH VD\ LI« FRPSDUDW
Tarchi (2015) who found that an intervention designed to promote knowledge activation
during reading improved not only inference generation abilities bad atading
comprehension skill in CYP aged -13 years. The findings of the current research
suggest that the ability to consider multiple options becomes difficult for CYP in
Secondary School, such that in Year 9 a negative relationship is observednbetwee
inhibitory control and elaborative inference generation skill. It is possible that adults
inhibit knowledge too strongly, restricting their ability to weigh up and consider multiple
possibilities. The use of debate activities may thus be beneficiatousging CYP to
consider several options. Given that the role of elaborative inference generation in reading
comprehension increased with age, the promotion of elaborative inferences is likely to be
particularly key in the Secondary School yeditsis issupported by Vaughn, Klingner,
Swanson, Boardman, Roberts, Mohammed, €R@alL1) who also suggests that for older
adolescents suppaoshould focus ordeveloping an mriched elaborated mental model.
Many of the activities described above would fit witRieciprical Reading. For example,

role play and heseating activities fit within predicting, questioning and clarifying

strategies.

For counterfactualvorld texts, belief biases were found to be key. It is suggested that the
anomaly effects observed forwtterfactualworld critical texts compared to reaforld
critical texts can be attributed to expectancy as both were presented in counterfactual

world contexts. Therefore, to minimise interference and associated cognitive demands it
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may be beneficial to diCYP in creating an initial counterfactuabrid mental model

using other sources in which constraints of impossibility are set. This is supported by the
work of Filik & Colleagues who found that counterfactuadrld models can be added to

W KH UH Dwddgehase NFdik, 2008; Filik & Leuthold, 2008; 2013). Fantasy and
fiction texts are commonly chosen for pleasure (Clark & Foster, 200% &Rumbold,

2006. Given the correlation between reading for pleasure and reading comprehension
skill (Mahiri, 2003 and academic achievemeMdje, Overby, Tysvaer, & Morris, K.

2008) supporting engagement with fantasy and fiction texts may particularly aid those
who have disengaged with reading. This may encourage these CYP to read for pleasure

and ultimately impove their reading comprehension skill.

Developments in text production were underpinned by increasing coherence, with the role
of coherence inferences increasing with age (although this increase was not significant).
&<3TV ZULWLQJ PD\ WKptwidingl stafdids 8nd HrémiEs that help the
CYP to maintain coherencee.g. planning sheets, writing models, and vocabulary mats
with connectivesThis thus fits with the SRSD writing intervention discussed aliloVe.

may be encouraged to retell storeasd sequence events throughout the school day to
develop their oral organisation skills. Given that amount and accessibility of knowledge
are the key predictors of coherence inference generation skill during adolescence, helping
CYP to develop and discufiseir content and ideas before writing may also be useful.
This could take the form a ptearning sessions, vocabulary mats, and pictorial or textual

writing stimuli.

Finally, throughout the school day and across the curriculum in both Primary and
Secondry Schools learning activities often require somenfof reading and writingt
e.g.worksheets, books, the internet, written questions, essays, posters. For those with
literacy difficulties it is important that: a) reading comprehension and text prodwce
promoted through explicit instruction and intervention when necessary; and b)
opportunities for learning from alternate sources are provided. Tovani (2001) suggests
WKDW VRPH &<3 ZLWK UHDGLQJ FRPSUHKHQVLR® GLIIL
they gather information from the teacher and class discussion. Making use of these
strengths is key to ensuring these CYP have opportunitlearto in a way that they are

good at, maintaining their sedlsteem and motivation to learfhis is supportedy
UHVHDUFK ILQGLQJ WKDW LPSURYLQJ &<3fV YLHZV RI
intervention leads to additional gains in comprehension skill, above any beyond those

observed for a comprehension intervention al@exkley et al., 2011
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9.2.2. Identfication of Literacy Difficulties and the Design of Specific Interventions

In a review of reading comprehension interventions for Secondary School CYP, Paul and
Clarke (2016) found thdahose interventions targeting phonics through comghased
programmes were of limited effectiveneddowever, interventions which focused
specifically on comprehension strategies were found to be more effebggegning
interventions to target inference generation may thus result in effective intervenhens.
results of Chapter 6 suggested no progress in reading comprehension or text production
between Year 7 and Year 9. Additionally, the Year 9 sample comprised higher percentage
of poor comprehendets(57%) than Year 5 (27%) and Year 7 (149%)hese difference

could be due to the crosectional design employed. It is possible that when in Year 7,
the current Year 9 cohort had weaker skills than the current Year 7 cohort. However, as
discussed in Chapter 5, the Year 7 and Year 9 cohorts were recruited freantbe
schools using the same selection criteria. It is possible then that findings of the current
research reflect a genuine period of limited progress. This is supported by UK government
statistics which suggest around one third of CYP do not make #racht progress
expected during the Secondary School y¢epartment for Education, 2045 In the
current thesis, wordeading skill was found to increase between Year 7 and Year 9,
although due to the correction applied the difference between the dwpsgfailed to

reach significance. Reading comprehension text was determined byworgleeading

score. Therefore, typically, Year 9s read a higbeel comprehension passage than Year

7s. As discussed above, it is possible that whilst basic infeiggroeration skills are
achieved by Year 7, ability to apply these skills is mediated by complexity of text.
Therefore, whilst Year 9 have basic inferential skills, they may be unable to apply these
effectively when text demands increase. Alternatively, gihat reading comprehension
measures are largely dependent on literal understanding until Secondary School it is
possible that the texts read by Year 7 tapped primarily literal understanding, whereas the
texts read by Year 9 taxed more implicit understagdCain & Oakhill, 2006).
Therefore, some Year 9s may have a literacy difficulty, related to inference generation
abilities, that has not been identified, thus limiting the progress they can make. Further,

longitudinal, research is needed. What is ¢lagpresent, however, is that moredigpth

% defined in this research as those with a reading comprehension age 12 months or less than their
chronological age

40Due to YARC only providing reading ages up to 16 years the percentage of adults who may be
classified as poor comprehendeaalld not be determined.
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and accurate assessments of inference generation abilities are needed if specific

intervention in Year 9 is to be put in place.

Based on the findings of the current research, to inform effective identificatidn

intervention an inference generation measure must be able to:

X Assess both coherence and elaborative inference types.two inference types
were found to be distinct, underpinned by different processes and play different
roles in reading comprehensiand text production.

x Assess both the inference generation thoeurse and skill. Coherence
inferences were found to be generated online. Research suggests that the ability
to generate these inferences spontaneously wedsing improves with age (e.qg.
Barnes, et al., 1996; Casteel, 1993; Oaknhill et al., 2003). Therefore, some with
limited comprehension skills may be capable of generating coherence inferences
when given a prompt but not whilst reading. The intervention would need to target
inferential eficiency.

X Assess inference generation skills independent of expressive language. skills
The development of inference generation abilities observed in this study was
consistent with Casteel and colleagues (Casteel, 1993; Casteel & Simpson, 1991),
such thatldultlike inferential skill was observed around-12 years and adult
like inferential efficiency around 1B4years. Barnes et al., (1996) found that
inference generation abilities continued to develop until at least 16 years. Barnes
et al. used a questimnswer assessment method whereas Casteel and colleagues
and the current study used measures of inference generation that were not
dependent on expressive language skills. The discrepancy between the studies
suggests that whilst CYP may be able to gerdrderences at an addilke level
by 11-12 years, their ability to articulate the inference may continue to develop
until adulthood. To determine if inference generation and mental model
construction skills or articulation of ideas should be the tarfggsteantervention
the assessment tool used needs to explore these skills independently.

x Provide diagnostic information.The error analyses conducted in this thesis
suggests that for all ages inference failure can result from several different faulty
process. It is important to know not just which inference types the CYP struggles
with, but also why. This will allow for specific and targeted intervention to be
created.
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A measure similar to the IST with passages varying in complexity may be beneficial in
the classroom. In addition, educational practitioners may want to consider assessing
knowledge and inhibitory control given that these cognitive components were found to

be central to inference generation skill in the current study.
9.3. Limitations
9.3.1.Sample Age

Four age groups were recruited for this thesis0Year olds, 112 year olds, 1-34 year

olds and adults. There is a large gap between 14 years and 18 years. Recruiting a group
of 15 \HDU ROGV ZDV FRQVLGHUHG expeddidetdthools@Qar'wWKH |
be reluctant to release Year 11 pupils due to coursework, revision and exam pressures.
Research exploring adolescent development shows that many of the key changes take
place between tl4years, with development in many executivections plateauing

after 14 years (see Romine & Reynolds, 2005 for a +aweddysis). Therefore, it is
possible that development between 14 years and 18 years would be minimal. However,

further research would be needed to explore this.

9.3.2. Sampling Stratgy

Primary and secondary school participants were recruited from several schools in the
South Yorkshire and Derby area. Participants were recruited from several schools to
obtain a representative sample. Howewdrilst recruiting participants from a raa@f

schools may mean participants received a range of teaching styles and strategies, this
method also has several limitations. First, there may have been selection bias on the parts
of the schools, such th#te responsibility of pupil selection was giveo the schools.
Therefore,despite being given a list of criteria asking for participants who ranged in
reading abilities, schools may have selected pupils gobd reading abilities to present
themselves in a positive light. Alternatively, schools rhaye selected participants who
presented challenges in the classrdorallow some respite for the child and/or teacher

To gain a more representative sample, it may thus have been more appropriate to work
with just one or two schools, randomly selectiagtigipants or working with a particular

class. However, the researcher was aware of the pressures placed on schools and did not
want to place additional strains on schools which could have possibly resulted in school
drop-out. Second, the list of criterechools were provided with asked for participants

who did not have a known learning difficulty and/or did not have exceptional abilities.
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The full range of abilities in the current UK schooling system is thus not fully represented
by this research. Furtheesearch, then, should aim to seek a truly representative sample
by recruiting participants from a small number of schools and then randomly selecting

participants from this poptegardless of learning needs
9.33. Design

A crosssectional design wassed in this thesis. Differences observed between the age
groups may be due to differences in group characteristics rather than developmental
changes. Every effort was made to ensure similar group characteristics, such that all
schools were given the sarselection criteria. As highlighted above, the unique pattern
observed in Year 9 may be due to sample characteristics rather thialcdge changes.

Due to time constraints, a longitudinal study was not possible, but should be considered

in future reseait
9.3.4 The Measures

Development between Year 7 and Year 9 was limited. This could reflect the measures
used, such that they were not robust enough to detect the subtle changes during this time.
Some of the issues related to robustness will be dischset®d. However, it is important

to note that development was limited on both reseadbsigned and standardised tasks.

The limited progress observed may thus reflleetsampleather than the measures used.

9.3.3.1. The IST

The IST explored thprocessing of coherence and elaborative inferences. However, for
many items, generation of the inference was more complex than the label suggests, such
that processing was dependent on more than just successful coherence or elaborative
inference generatiorf-or instance, many coherence inferences also required referential
processing due to the need for pronoun resoluEonexamplefor a coherence inference

to be generated when reading the critical text below the participant must first infer that
M L Viéfs td the penguin.

One penguin jumped into the cold ocean. A few seconds later it was at their feet.

However, research shows that these inferences are often mastered by young(etgidren
Ackerman, 1986)However, has highlighted in Chapter 4, for socthédren pronoun
resolution was still an area of difficulty, such that they experienced difficulty when

processing literal items that required pronoun resolution. It is possible then, that some of
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the processing difficulty and errors made when processihgrence inferences can be
attributed to difficulties with other types of inferen¢ée need to generate two inferences
to comprehend a text is not uncommon in real texts, however, and was often necessary to

prevent the creation of contrived and stiltathet texts and stories.

A successful elaborative inferenoe the IST could bdefined aghe enrichment of the
WH[W E\ DGGLQJ NQRZOHGJH D EsRrait/ kKnokleddge Kitbeliefe W H U 9
Therefore, when reading the texthe boy was eatingrapes, one reader could infer that

the grapes are green the other could infer the grapes are black. In both cases, the readers
have successfully generated an elaborative inferetige they have added knowledge
DERXW WKH RHoWedds,W ievtanyetiterh W & picture of green grapes, only the

first reader would be scored as successfully generating the inference. Therefore, whilst
precautions were taken to avoadcorrect inference being scored as incorrect (e.g.,
including grapes of three lours you would not typically seelight blue, orange, and

pink), it is possible that some participants generated an elaborative inference whist
UHDGLQJ EXW QRW RQH WKDW PDWFKHG WKH WDUJHYV
IST. This thus highligts the value of opeended tasks when exploring elaborative

inference generation.

Error rates in all groups were low. This may be due to the simplicity of the textstused
stories were designed to be readable by CYP aged 9 years or less. Infjersgredion

skill may thus continue to develop after-12 years. Due to discrepancies in previous
research it was important that the same methodology was used for all age groups in the
current thesis to allow for direct comparison. Future research exgplanierence
generation skills using texts of varying complexity would greatly build upon the inference

generation development literature, highlighting possible constraining factors.

Previous research shows that the ability to generate coherence infesgoictEseously

whilst reading improves with age (eBarnes et al., 1996; Casteel, 1993; Oakhill et al.,
2003). Reading speeds in this thesis suggest that Year 5 were able to generate coherence
LQIHUHQFHYVY ZKLOVW UHDGLQJ +RZHYHU WKH UHVH
participants and Year 5s when raaglinaturally in the classroom suggests that Year 5

may not generate inferences whilst reading. Year 5s will often read a sentence(s) pause
and then continue. It may be that the inference is generated during the pause not whilst
reading. When reading natllyaY ear 5s may not generate all coherence inferences whilst

reading, therefore, full understanding of text may not be gained. This would explain the
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significantly lower reading comprehension skill observed in Year 5, compared to all other
age groups. Reagech utilising eydracking methods would shed further light onto the
online process of inference generatisuch that fixations and pauses can be detected

Errors were explored using error analysis. However, errors were excluded from reading
speed dataConsequently, it is unclear if those coherence inferences generated incorrectly
were still drawn whilst reading. Further research exploring the process underpinning

infererce generation failure is needed.

Care was taken to design pictures that refledteddea intended by the researchsee
Chapter 3 +however, the validation of the images could have been imprdvach

picture was piloted in isolation, however, in ih@age selectiomask four pictures were
presented simultaneously. Therefore, thepssingassociated with viewing an image in
isolation during the validation taskay not have reflected the processingiefving four

images simultaneously during the image selection faskinstance, processing the four
pictures simultaneously may habkeen more difficult than processing the pictures in
isolation, such that interference or overload occurred. Alternatively, processing the four
pictures simultaneously may have been easier than processing the pictures in isolation,
such that comparison aWed for clearer distinction of differences between pictures. For
example in the piloting phase, participants were able to correctly label thermometers
displaying extremes (e.g., boiling hot, freezing cold). However, there was more variation
when labellig thermometers displaying temperatures in between these extremes, such
that cooler temperatures were typically labelled as cold and warmer temperatures as hot.
However, if all four pictures were presented simultaneously it may have been possible

for the paticipants to more easily distinguish between hot and cold.

A mixed methods approach could also have been used, such that ratings could have been
accompaniedbyah QW HUYLHZ LQ Z Kekpidhatond fwthetrldSdziQna/wefie

given. This would hae allowed a further insight into which elements of the picture
supported interpretation and alternatively, which elements of the picture were difficult to
interpret or ambiguous. This would have guided picture development and may have led

to clearer pictd HV EHLQJ FUHDWHG WKDW ZHUH UHSUHVHQW
MXVW WKH UHVHDUFKHUfV 7KLV PD\ KDYH UHVXOWHG
pictures once in the image selection task. Similarly, some of the children viewed plausible
pictures as implausible as they would be unlikely to withess the events depicted. This
LQIRUPDWLRQ ZzDV JDWKHUHG WKURXJK WKH FKLOGUHC
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talk through their plausibility ratings may thus have been useful in determinigitnevh
all participants viewed the images this way, and any other possible factors which
influence interpretations of plausibility. This information could have then guided or added
to future interpretations gferformance patterns on the IST, providing ghsiinto the

processing that occurs when presented with images varying in plausibility.

This thesis was unique in nature such that it sought to explicitly explore the role of
inference generation in text production qualityference generation was assesduring

the reading comprehension process. Due to time constraints and an already large test
battery, the inclusion of another measure of inference genervattidst writing was not
feasible. This means, however, the role of inference generation imitimg\wrocess may

differ to the one suggesteMd is clear from the current research, that inference generation
skills during reading are in some way borne out when writing. Further research would be
needed to explore inference generation when writingW&® LV UHVHDUFKHUTTV
there is not a measure of inference generation whilst writing, although the use of think

aloud methodologies may be useful a starting point.

9.3.3.2. Inhibitory Control

As discussed above, the varying role of inhibitmgntrol in the reaWorld and
counterfactualvorld elaborative inference generation processes could be due to
developmental shifts or the measure used {shléi-cards task)zi.e. not tapping the
implicit inhibitory control associated th language comphension (e.gKintsch, 1988).
Similarly, research shows that improvements in inhibitory control are primarily attributed
to improvements in efficiencyRomine & Reynolds, 20Q05however, developments in
inhibitory efficiency were not tapped by the curremtasure. Future research utilising

several measures of inhibitory control is needed.

9.3.3.3. Knowledge

Amount of knowledge possessed by all groups was high. This was unexpected given that
the knowledgebase used to create the critical texts was takem the Key Stage 3
science curriculum. However, to ensure all critical texts were readable by CYP aged 9
years or less, the concepts were relatively simple. For instance, for reproduction the Key
Stage 3 curriculum explores topics such as mitosis whdreagitical texts were based

on simpleconcepts of life cyclese.g.eggs hatching and seeds growing. Further research

using texts based on more complex knowlebgses is needed.
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9.4. Future Research

This thesis has explored typical development, expmraof this area was necessary
given the few studies exploring inference generation during adolescence and
inconsistencies between these studies. Future research is now needed to explore poor
comprehenders to determine how the developmental trajectqgrgoofcomprehenders
differs to that mpped out in this thesisSpecifically, research exploring poor
comprehender profiles around Year 7 and Year 9 could prove fruitful in supporting those
CYP who do not make the expected literacy progress during Secddtargl. The use

of a longitudinal methodology to explore the profiles of those CYP who appear to be
developing typically during Primary School but then do not make expected progress
during Secondary School could be fruitful and provide a useful insighthetcause of

the limited progress made by some CYP during the Secondary Schoottyeais these

CYP have weak inference generation abilities that remain unidentified until Secondary
School or do these CYP have difficulty applying their inferenceiggion skills as text

demands increase?

Previous research exploring counterfactwalld inference generation was inconsistent

with regards to methodology, stimuli and findings. This thesis took steps in answering
some of the questions surrounding couiEuatworld inference generation,
particularly during adolescence. For instance, counterfaatodt processing was found

to be moretaxing than realworld processing due to the need to resolve the conflict
associated with the realorld interference assed by belief biases. All groups appear to

be able to generate counterfactualrld coherence inferences whilst reading, around
Year 9. However, there is a possible qualitative shift in the process underpinning
counterfactualvorld inference generation,ith inhibitory control potentially playing a

key role in this. Counterfactualorld errors were primarily attributable to reabrld
interference. However, what is not clear from the current research is why participants
were successful in some instances ot others. Exploration of why some participants

were unable to successfully inhibit the readrld interference for some items but not
others is needed. It is possible that success is due to strength of belief biases associated
with particular concepts 7R WKLY UHVHDUFKHUYfY NQRZOHGJH WK
to explicitly implicate belief biases in the counterfactwakld inferential process.
Further research exploring belief biases in inference generation, its specific function and
how this process is both similar and dissimilar to the role of belief biases in

counterfactualvorld reasoning is thus warranted.
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Whilst in the current study all age groups were found to generate counteraotidl
inferences online, Graesseradt(1998) suggsted adults generate counterfactuarld
inferences offline. However, there are a number of methodological differences, between
their research and the current the#fisnay be that when both adults and children are
presented with more complex and imdule texts counterfactualorld inferences are
generated offline. Further research, using texts varying in complexity and plausibility
would be needed to explore this.

Finally, since beginning this thesis there have been changes in the National Curriculum
and assessment tools and proced(Pepartment for Education, 2014 xploration of

how these changes may impact upon teaching and necessity of inference generation at
different levels is warranted. Specifically, the Primary School reading curriculum and
assessments now place more emphasis on inferential understanding. Given that almost
50% of CYP did not achieve agelated expectations in the 2016 reading SATSs, a drop

of almost 30% from 2015, it appears that those CYP previously achieviaglatg
expectations in Primary School but then struggling to make expected progress in
Secondary School had inferential difficulties throughout their school careers, but
assessment tools did not assess this (Department of Education, 2016). The high
percentage of CF failing to achieve ageelated expectations in their reading SATs thus
highlights the need for much more research into the role of inference generation abilities
LQ UHDGLQJ FRPSUHKHQVLRQ ORUHRYHU D pZRUOG ZL
more informative and idepth measures of reading comprehension (Department for
Education, 2018§. Further research exploring the design of reading comprehension
measures, consistent with the criteria laid out in the new National Curriculum and the

findings d previous research is needed.

9.5. Conclusions
Government statistics suggest that around one third of CYP in the UK are not making the

expected literacy progress during Secondary School, despite less than one fifth of CYP
entering Secondary School with the reading and writing skills expected (Depiaftmen
Education, 2015). Given the central role of inference generation to skilled models of
reading comprehension, this thesis sought to explore the development of inference
generation abilities during adolescence, with the goal of informing effectivetbatuel
practice. Findings show that there is both quantitative and qualitative change in inference
generation skill (measured by number of errors) and-towse (measured by reading

speed). All age groups appear to generate coherence inferences ndlielalzorative
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inferences offline, regardlesstbi plausibility oftheinformation, although skill in doing

so improves until Year 7 and speed in doing so improves until Year 9. Several qualitative
differences were also observed in Year 9, such that ¥eaund the generation of
coherence inferences more difficult than the generation of elaborative inferences, in
contrast to all other age groups, inhibitory control, not belief biases, was also the strongest
predictor of counterfactualorld coherence imrence generation skill, and Year 9
displayed a negative relationship between inhibitory control and elaborative inference
generation skill. In addition, shifts in the importance of inference types to the reading
comprehension and text production procesd®s emerged around Year 9. Yean3po
comprised higher percentage of weak comprehenders than all other groups. Year 9, then,
appears to be a distinct time in inference generation development. With regards to
supporting literacy development in the clagsn, this thesis has highlighted the role of
inference generation abilities in both reading comprehension and ¢ektgtion during
adolescence. e need to isolate basic inference generation skills from translational and
expressive language skills tcetify the specific area of need{s)also promoted by the
findings of this thesis. Similarly, the findings of this thesis highliblet distinctiveness

of coherence and elaborative inference types, calling for assessments and interventions to
recognise his difference, particularly in the Secondary School years when elaborative
inference generation may be more important to the reading comprehension process than
coherence inference generatiomr®e of those factors (knowledge and inhibitory control)

that may constrain the successful application of basic inference generation abilities
(achieved around Year 7) during the Secondary School gagesalso been identified by

this thesis, with this thespmoviding recommendations to aid teachers in supporting CY
overcoming these barriers. Year 9 has been highlightaghegod of special development
thatrequires much further research, the role of inhibitory control during this time should
be a specific focus. This thesis has also extended the Constructioeisy Dy showing

that, for all age groups, regardless of plausibility and information those inferences
necessary for coherence are generated whilst reading. However, due to belief biases, real
world interference is still likely, meaning if teachers wargngage learners with fantasy

and fiction texts they may first need to support the CYP in creating a counteraotlchl

model.
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Appendix 3.1 tReadability levels for all stories

Story Resgglr?glty
Counterfactuat

World
Story 1 +Version 1 8.732
Story 1 +Version 2 8.409
Story 2 +Version 1 8.951
Story 2 +Version 2 8.977
Story 3 Version 1 8.732
Story 3 tVersion 2 8.758
Story 4 +Version 1 8.732
Story 4 +Version 2 8.706
Story 5 #Version 1 8.758
Story 5 +Version 2 8.732
Story 6 +Version 1 8.706
Story 6 +Version 2 8.68

RealWorld

Story 7 +Version 1 8.435
Story 7 tVersion 2 8.977
Story 8 tVersion 1 8.435
Story 8 tVersion 2 8.977
Story 9 t+Version 1 8.487
Story 9 tVersion 2 8.732
Story 10 +Version 1 8.977
Story 10 tVersion 2 8.977
Story 11 +Version 1 8.951
Story 11 +Version 2 8.68
Story 12 +Version 1 8.706
Story 12 tVersion 2 8.977

Literal
Story 13 tVersion 1 8.977
Story 13 tVersion 2 8.977
Story 14 +Version 1 8.977
Story 14 tVersion 2 8.977
Story 15 tVersion 1 8.706
Story 15 tVersion 2 8.977
Story 16 +Version 1 8.977
Story 16 tVersion 2 8.732
Story 17 t+Version 1 8.977
Story 17 tVersion 2 8.977
Story 18 tVersion 1 8.977
Story 18 tVersion 2 8.732
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Appendix 3.2 £Table of Key Stage2 and 3 Science Topics and Associated
Critical Texts

RealWorld Counterfactual- : N
Theme Stimuli World Stimuli Literal Stimuli
Coherencelnferences
Reproduction Holly planted a | The giant egg began The men were
tiny seed. A to crack loudly. clones. They all
century later an | Soon, instead of the| looked the same
oak tree stood in | egg there was a because the men
its place. smallbear cub. had been grown
The seed grew | The bear hatched | in giant test
into a tree from the egg tubes.
The men had
been grown in
giant test tubes
Transport One pengin Arms spread wide h¢ The large fish rar

jumped into the
cold ocean. A few
seconds later it
was at their feet.
The penguin
swam to the
children

jumped off the ledge
A few seconds later
he was on the o#r
side.

The man flew
across the hole

across the green
grass. He left a
trail of gurky
slime as he went
The fish ran
across the grass

Communication

Ben heard a long
deep sound. Ben
turned around to
see a whale
swimming next to
him.

The whalemade
the sound.

3+HOOR & FD
voice from below.
They looked down tq
see a cat looking at
them.

The ca talked to
them

Holly did not
want to wake the
hugefish up. So
whenHolly
spoke to Ben she
whispered.
Holly spoke to
Ben

Structure

Ben fell to the
ground. He
landed on his leg.
There was a crac
and Ben cried out
in pain.

Ben's leg broke

The tree was ten fee
away. They span
around again. The
same tree was now
two feet away.

The tree moved
closer to Holly and
Ben

These plants did
not suck up wate
from their roots.
The plants
sucked up water
from a huge
straw.

Plants suck up
water through a
straw

Animal Attacks

However, a shark
was approaching.
It attacked. Blood
began to spill out

RlI +ROO\T\

The hungry tiger
pounced. Almost
instantly Ben's face
was covered in warn

sticky spit.

3$5*+

Holly cried out in
pain. A snake ha
bitten her ankle.
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The shark bit

The tiger licked

The venom was

Holly's arm Ben's face very toxic.
The snake bit
Holly

Density They cautiously | They slowly stepped| They ran back to
crept on to the onto the murky lake.| the spaceship
thin ice. Crack! | They crossed the along the hard
Crack! Ice cold | lake without so mucl road.They made
water swet all as wet feet. it back in no time
over them. The children atall.
The children fell | walked on water The children
through the ice ran on the road

Elaborative Inferences

Colour The gigantic clay | The tiny bear cub Every blade of
statue shone in | was quite odd. He | grass was exactly
the sun light. It | was not covered in | the same. Every
must have been g fur. He was covered| blade of grass
least ten feet high in cheese. was quite short
The statue was a| The bear is yellow | and green.
burnt orange Grass is green
colour

Texture Luckily a snake | They were shaped | Surprisingly the
skin floated past | like human hands. | fish was huge.
Holly. She took it | But, they were like a| The fish was also
and made aag large bird's wing in | covered in pink
out of it. every other way. and purple fur.
The bag isscaly | Theman's handis | The fish is

covered in feathers | covered in fur

Temperature Holly and Ben The fluid in the Holly licked the
spotted a little stream was lown ice-lolly. She
white house. The| and steaming. screaned. The
tiny round house | 3:DWFK R XW | icelolly was so
was madeoutof | LV FRIIHH ~ Y hotit had burnt
snow. The river is hot her tongue
The house is Ice is hot
cold.

Weight The hippolooked | Holly and Ben The rhino was
at Holly and Ben.| looked up. The giant very very big. It
As the hippo grey leaves above | had huge feet an
walked it's giant | their heads were was very very
feet cracked the | madeof solid stone. | heavy.
ground. The leaves are The rhino is
Hippos are heavy heavy
heavy

Rigidity Ben grabbed the | The tees were odd. | The people in

steel shield. He
used it to protect
them from the

huge rocks.

The tree trunks wereg
not made of wood.
They were madeut

this place wore
tops made from
elastic. Elastic is
quite stretchy.
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The shield was
hard and
inflexible

of huge pipe
cleaners.

Tree trunks are
bendy

Elastic is
stretchy

Colour

The caring Blibs
gave Ben a
special medicine.
It was made from

The trees were odd.
The leaves were
covered in tiny
rubies that glinted in

There was a larg
herd of very odd
zebra. The
zebras were

mashed up the sunlight. covered in huge
bananas. The leaves were red pink stripes.
The medicine The zebrahad
was yellow. pink stripes
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Appendix 3.3 *Critical Texts and Test Sentences used in Critical Text
Validation Booklet

Critical Text Test Sentence

Although it glided through the water the Hippos on this planet are very light.
humongous hippaas extremely heavy.

He dove off the cliff. Arms spread wide The friendly man had flown across the
he soared through the air and soon lanc large gap.

on the other cliff.

They stepped onto the lake. Soon they The children had walked across the
were on the other side, without so much water.

as wet feet.

The creature's gigantic hairy paw had  The sharp metal tickled the creatures
been cut by the sharp metal spikes paw.

beneath it.

Surprisingly the gigantic fish & covered Fish on this planet are covered in fur.
in soft orange and violet fur.

The hideous creature had toxic green  The enormous creature had red thick
blood leaking from a cut in its huge left blood.

paw.

Ben and Holly were trapped in atiny  Steel is very soft.

cage.The cold bars were made of solid

steel.

The bear cub was odd. It wasn't covere The bears on this planet are yellow.
in fur. It was covered in banana skins.

Quietly Holly spoke to Ben, careful not t Quietly Holly spoke to Ben.

wake the sleeping creatupehind them.

The beautiful granite statue towered The statue was black.

above all of the other buildings.

However, the shark was approaching. 1 The evil shark had bittendfly's arm.
pounced. Blood began to spill out of

+ROO\fV DUP

The hairy brown elephant stood in front Elephants are heavy.

of them, using its trunk to suck up the

snow.

The monkey$ad very odd looking faces The small monkey's nose was covered
in the place of their nose was a green  fur.

snake.

Benfell to the ground. He landed on his The bone in Ben's leg had broken.
leg. There was a crack and Ben cried ol

in pain.

Luckily unlike those on Earth the rocks The rocks on this planet are very hard.
on this planet were very soft and spong

Instead 6sucking water up through their The flowers suck up water through a
roots, these plants sucked up water straw.

through a straw.

The egg began to crack loudly. Soon, The tiny bear cub had hatched frane
instead of the egg there was a small fur egg.

bear cub.

All of the inhabitants of this planet were The inhabitants were all the same.
exactly the same. They were all clones.
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The whale made a low deep groan. The whale called to the other whales.
Suddenly many more whales appeared

around him.

Thetiny animal had been shot. A bright The gigantic creature had bright red
orange substance was oozing from the blood.

wound.

Instead of sparkling blue water, a thick The rivers on this planet are hot.
stream of coffee was flowing through th

river.

The large tree was on their right. They The trees had moved.

turned around again, and saw the same

tree on their left!

A great magnificent eagle soared high The large eagle was covered in scales
above their heads full of both grace and

power.

The fishran across the green grass, The wet fish ran across the grass.
leaving a trail of pink sticky slime as he

went.

A snake skin washed up on one of the The hat was scaly.

islands. Holly quickly turned it into a hat

"Don't worry, it will grow back," said Plants do not have roots below the soll
Cain. "Part of the plant lives on under tr

soil."

Instead of leaves all of the trees seeme Leaves on the trees on this planet are
be growing tiny cans of coca cola. mostly red.

His tail had been cut off,ub instead of a The dog's tail had grown back.
wound, there was a new smaller tail.

Enormous leaves were rustling above The leaves on this planet are very light
their heads, enormous leaves made of

solid lead.

They cautiously tiptoed across the thin  The children had fallen through the thir
ice. Crack! Ice cold water engulfed their ice.

bodies.

Very slowly Holly and Ben looked up.  The leaves on this planet are heavy.
The grey leaves high above them were

made of rock.

Splash. The heavy marble roasickly ~ The rocks on this planet sink in water.
sank to the bottom of the very murky

lake.

The giraffe had a huge neck which it we The giraffes on this planet have short
using to get leaves from the top of the necks.

trees.

3+HOOR ~ FDPH DhiMRTHeyd The cats on this planet can talk.
turned around to see a cat looking at

them.

Holly took a bite of the pear. Instantly s The pears on this planet are good for
fell to the ground clutching her belly. you.

There was no way out. Just like Concrete is hard and inflexible.
evaything else, their small cage was

made of solid concrete.

Holly planted a tiny seed. A century late The seed had grown into a huge oak tr
an oak tree stood in its place.
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One penguin jumped into the ice cold  The penguin had swum to the children.
oceanMoments later it appeared at thei

feet.

3$5*+ ~ +ROO\ FULHG R The evil snake bit Holly's pale ankle.
bit her ankle. The venom was extremely

deadly.

Whilst shaped like a human hand, it wa: The mans hands were covered in
like a brd's wing in every other way feathers.

possible.

Holly fell forward and landed in She had landed in a pool of ketchup.

something warm sticky and red. She

screamed loudly.

The zebras trotting ahead of them had All of the zebras had bright yellow
bright yellow stripes all over their bodies stripes.

Instantly she screamed in pain. The-ice The ice lollies on this planet are hot.
lolly was so hot it burnt her tongue whei

she licked it.

Even every tree trunk was exigahe The tree trunks are all rectangular
same. They were all perfect cylinders. shaped.

Surprisingly, instead of wood, the tree  Trees trunks on this planet are flexible.
trunks seemed to be made out of plastic

rulers.

The enormous field ahead them was Poppies are red.

filled to the brim with beautiful poppies.

However, they were trapped. There was The rocks on this planet were really so
no way out. The thick walls of rock were

completely solid.

The whole planet was covered in thick Snow is very cold.

white snow. Snow so deep it came up tc

their elbows.
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Appendix 3.4 xCritical Text ratings for each item
Critical Sentence Accuracy Ratin(#%) - Children

Iltem Percentage of time item
was rated correctly
la 90%
1b 90%
2a 90%
2b 80%
3a 100%
3b 80%
4a 80%
4b 100%
5a 90%
5b 90%
6a 100%
6b 80%
7a 90%
7b 90%
8a 80%
8b 80%
9a 90%
9b 80%
10a 90%
10b 90%
1lla 100%
11b 80%
12a 100%
12b 80%
13a 80%
13b 50%
1l4a 80%
14b 80%
15a 80%
15b 40%
16a 90%

322



16b 80%

17a 80%
17b 90%
18a 80%
18b 100%

Critical Sentence Accuracy Ratingédults

Iltem Percentage of time item
was rated correctly
la 80%
1b 80%
2a 90%
2b 90%
3a 80%
3b 90%
4a 100%
4b 80%
5a 100%
5b 90%
6a 80%
6b 90%
7a 80%
7b 80%
8a 90%
8b 80%
9a 100%
9b 100%
10a 90%
10b 100%
1la 100%
11b 90%
12a 90%
12b 90%
13a 80%
13b 80%
1l4a 90%
14b 80%
15a 100%
15b 90%
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16a
16b
17a
17b
18a
18b

90%
100%
80%
80%
90%
100%
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Appendix 3.5 £Table of Picture Accuracy Percentages for each Iltem
Pictorial Items Correctly identified (%) by children

Item Target Picture Filler 1 Filler 2 Filler 3
la 100% 100% 100% 100%
1b 100% 100% 100% 100%
2a 100% 100% 100% 80%
2b 100% 80% 100% 100%
3a 100% 100% 100% 100%
3b 80% 100% 100% 100%
da 40% 100% 100% 100%
4b 100% 100% 100% 100%
5a 100% 100% 100% 100%
5b 100% 100% 100% 100%
6a 100% 100% 100% 100%
6b 80% 80% 100% 80%
7a 80% 100% 80% 100%
7b 100% 100% 100% 100%
8a 100% 100% 100% 80%
8b 100% 100% 100% 100%
9a 100% 100% 100% 100%
9b 100% 100% 100% 100%
10a 100% 100% 80% 100%
10b 60% 60% 20% 0%
1l1a 100% 100% 100% 100%
11b 100% 100% 100% 100%
12a 80% 100% 100% 80%
12b 100% 80% 100% 80%
13a 100% 100% 100% 100%
13b 100% 100% 100% 100%
l4a 20% 80% 0% 60%
14b 80% 100% 80% 100%
15a 100% 100% 100% 100%
15b 100% 100% 100% 100%
16a 100% 100% 100% 80%
16b 100% 100% 100% 100%
17a 100% 100% 100% 100%
17b 100% 100% 100% 100%
18a 100% 100% 80% 80%
18b 100% 100% 100% 100%
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Pictorial Items Correctly identified (%) by adults

ltem Target Picture Filler 1 Filler 2 Filler 3
la 100% 100% 100% 100%
1b 100% 80% 100% 100%
2a 100% 100% 100% 100%
2b 100% 100% 100% 100%
3a 80% 80% 80% 80%
3b 80% 100% 100% 100%
4da 80% 100% 100% 100%
4b 100% 100% 100% 100%
5a 80% 100% 100% 100%
5b 100% 100% 100% 100%
6a 100% 100% 100% 80%
6b 80% 80% 80% 100%
7a 100% 100% 100% 100%
7b 100% 100% 100% 100%
8a 100% 100% 100% 80%
8b 80% 80% 100% 100%
9a 100% 100% 100% 80%
9 100% 100% 100% 100%
10a 100% 100% 100% 100%
10b 80% 60% 60% 20%
lla 100% 100% 100% 100%
11b 100% 100% 100% 100%
12a 100% 100% 80% 100%
12b 100% 100% 80% 100%
13a 100% 100% 100% 100%
13b 80% 100% 100% 100%
1l4a 20% 20% 80% 60%
14b 80% 100% 100% 100%
15a 100% 100% 100% 100%
15b 100% 100% 100% 100%
16a 100% 100% 100% 80%
16b 100% 100% 100% 100%
17a 100% 100% 80% 100%
17b 100% 100% 100% 100%
18a 100% 100% 100% 80%
18b 100% 100% 100% 100%
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Appendix 3.6 £Table of Mean Difficulty Ratings for Each Picture
Mean difficulty rating for each item for children

Item Target Picture Filler 1 Filler 2 Filler 3
la 1.2 (0.45) 1.2 (0.45) 1.2 (0.45) 1.2 (0.45)
1b 1.2 (0.45) 1.2 (0.45) 1.4 (0.55) 1.4 (0.55)
2a 1.2 (0.5) 2 (0.82) 1.4 (0.50) 1.75 (0.96)
2b 1.6 (0.57) 1.25 (0.50) 2(0.82) 2(0.82)
3a 1.6 (0.55) 1.4 (0.55) 1.4 (0.55) 1.4 (0.55)
3b 1.5 (0.58) 1.4 (1.00) 1.4 (0.58) 1.2 (0.50)
4a 2(1.42) 1.6 (0.71) 1.8 (1.41) 1.4 (0.55)
4b 1.2 (0.45) 1.2 (0.45) 1.4 (0.55) 1.4 (0.55)
5a 2 (0.71) 1.2 (0.45) 1.8 (0.45) 1.4 (0.55)
5b 1.4 (0.55) 1.4 (0.55) 1.6 (0.89) 1.6(0.55)
6a 1.2 (0.45) 1.2 (0.45) 1.4 (0.55) 1.2 (0.45)
6b 1.5(0.71) 1.25(0.71) 1.4 (0.71) 1.5(0.71)
7a 1.75 (0.5) 1.2 (0.45) 1 (0.00) 1.4 (0.55)
7b 1.4 (0.55) 1.2 (0.45) 1.4 (0.55) 1.4 (0.55)
8a 1.4 (0.55) 1.2 (0.45) 1.4 (0.55) 1.4 (0.55)
8b 1.6(0.55) 1.6 (0.55) 2 (1.25) 2 (1.25)
9a 1.6 (0.55) 1.2 (0.45) 1.4 (0.55) 1.6 (0.55)
9b 1.6 (0.89) 1.4 (0.55) 1.4 (0.55) 1.6 (0.55)
10a 1.2 (0.50) 1.2 (0.50) 1.5 (0.58) 1.4 (0.50)
10b 1.67 (0.58) 1.67 (0.58) 2 (0.00) 1.5 (0.58)
1la 1.6 (0.55) 1.6 (0.89) 1.4 (0.55) 1.4 (0.55)
11b 1.4 (0.55) 1.4 (0.55) 1.6 (0.89) 1.6 (0.55)
12a 1.5 (0.58) 1.4 (0.71) 1.25(0.71) 1.25(0.71)
12b 1.2 (0.58) 1.5 (0.58) 1.8 (1.53) 1.67 (1.15)
13a 1.2 (0.45) 1.2 (0.45) 1.2 (0.45) 1.4 (0.55)
13b 1.4 (0.55) 1.2 (0.45) 1.2(0.45) 1.4 (0.55)
l4a 2 (1.26) 1.2 (0.50) 2 (0.82) 1.4 (0.50)
14b 2 (1.00) 1.5 (0.58) 1.6 (1.00) 1.75 (1.15)
15a 1.2 (0.45) 1.4 (0.55) 1.4 (0.55) 1.4 (0.55)
15b 1.4 (0.55) 1.2 (0.45) 1.6 (0.55) 1.4 (0.55)
16a 1.4 (0.58) 1.2 (0.58) 1.4 (0.58) 1 (0.00)
16b 1.6 (0.55) 1.2 (0.45) 1.4 (0.55) 1.2 (0.45)
17a 1 (0.00) 1.2 (0.50) 1.2 (0.50) 1.2 (0.50)
17b 1.6 (0.55) 1.4 (0.55) 1.6 (0.55) 1.2 (0.45)
18a 1.4 (0.50) 1.2 (0.45) 1.6 (0.50) 1.25 (0.50)
18b 1.2 (0.50) 1.2 (0.50) 1.25 (0.50) 1.25 (0.50)
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Mean difficulty rating for each item for adults

Item Target Picture Filler 1 Filler 2 Filler 3
la 1.00 (0.00) 1.40 (0.55) 1.20 (0.45) 1.00 (0.00)
1b 1.20 (0.45) 1.25 (0.50) 1.40 (0.55) 1.60 (0.55)
2a 1.20 (0.45) 1.80 (1.79) 1.40 (0.55) 1.60 (0.55)
2b 1.20 (0.45) 1.20 (0.45) 1.60 (0.55) 1.80 (0.84)
3a 2.33 (1.53) 1.75 (0.96) 1.75 (0.5) 1.75 (0.96)
3b 2.00 (1.00) 1.40 (0.55) 1.80 (0.84) 1.00 (0.00)
4a 2.00 (0.82) 1.20 (0.45) 1.60 (0.55) 1.80 (0.96)
4b 1.20 (0.45) 1.20 (0.45) 1.40 (0.55) 1.40 (0.55)
5a 1.50 (0.58) 1.00 (0.00) 2.00 (1.23) 1.20 (0.45)
5b 1.40 (0.55) 1.60 (0.89) 1.60 (0.89) 1.80 (0.84)
6a 1.20 (0.45) 1.00 (0.00) 1.40 (0.55) 1.00 (0.00)
6b 1.50 (0.58) 2.00 (1.41) 1.50 (0.58) 2.00 (1.25)
7a 1.60 (0.50) 1.60 (0.55) 1.40 (0.58) 1.80(0.84)
7b 1.60 (0.55) 1.40 (0.55) 1.60 (0.55) 1.20 (0.45)
8a 1.20 (0.45) 1.60 (0.89) 1.40 (0.55) 2.00 (0.82)
8b 1.25 (0.50) 1.75(0.96) 2.00 (1.25) 1.80 (0.84)
9a 2.00 (0.71) 1.80 (0.84) 1.40 (0.55) 1.20 (0.45)
9b 1.20 (0.45) 1.60 (0.55) 1.40 (0.55) 1.60 (0.89)
10a 1.40 (0.55) 1.00 (0.00) 1.60 (0.55) 1.20 (0.45)
10b 1.75 (1.16) 1.67 (1.16) 1.33(0.00) 2.00 (1.00)
lla 1.40(0.55) 1.80 (0.84) 1.40 (0.55) 1.40 (0.55)
11b 1.40 (0.55) 1.80 (1.30) 1.80 (0.84) 1.80 (0.84)
12a 1.20 (0.45) 1.80 (1.30) 1.50 (0.58) 1.80 (0.45)
12b 2.00 (1.73) 1.40 (1.52) 1.40 (0.55) 1.40 (0.55)
13a 1.20 (0.45) 1.20 (0.45) 1.20 (0.45) 1.20 (0.45)
13b 1.75 (0.50) 1.60 (0.89) 1.80 (0.84) 1.40 (0.55)
l4a 1.67 (0.58) 1.50 (2.12) 1.75 (0.96) 1.75 (0.96)
14b 2.20 (1.30) 1.60 (0.89) 1.60 (0.55) 1.20 (0.45)
15a 1.20 (0.45) 1.00 (0.00) 1.40 (0.55) 1.60 (0.55)
15b 2.00 (1.23) 1.20 (0.45) 1.20 (0.45) 1.60(0.89)
16a 1.60 (0.55) 1.80 (1.10) 1.80 (0.84) 2.00 (1.41)
16b 1.60 (0.55) 1.60 (0.89) 1.20 (0.45) 1.20 (0.45)
17a 1.00 (0.00) 1.40(0.55) 1.50 (0.58) 1.40 (0.55)
17b 1.60 (0.55) 1.60 (0.89) 1.60 (0.89) 1.20 (0.45)
18a 1.00 (0.00) 1.20 (0.45) 1.60 (0.55) 1.25 (0.50)
18b 1.80 (0.84) 1.00 (0.00) 1.20 (0.45) 1.20 (0.45)
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Appendix 3.7 £Table of Mean Plausibility Ratings for EachPicture
Mean plausibility rating for each itemChildren

Iltem Target Picture
la 1(0)
1b 2 (0)
2a 1(0)
2b 1.6 (0.55)
3a 1.8 (0.45)
3b 1.67 (0.58)
4a 1.4 (0.55)
4b 1.6 (0.55)
5a 1.8 (0.45)
5b 1.2 (0.45)
6a 1.2 (0.45)
6b 1.33 (0.58)
7a 3.75(0.50)
7b 3.6 (0.89)
8a 2.8 (0.45)
8b 3(0.71)
9a 3(0.71)
9b 3.4 (0.55)
10a 3.6 (0.55)
10b 3.4 (0.55)
1la 2.8 (1.10)
11b 3.4 (0.55)
12a 3.4 (0.89)
12b 3(0.72)
13a 3.8 (0.45)
13b 1.25 (0.43)
14a 3.6 (0.55)
14b 1.25 (0.50)
15a 3.4 (0.55)
15b 1 (0.00)
16a 2.8 (0.45)
16b 1.8 (0.45)
17a 3.8 (0.45)
17b 1.4 (0.55)
18a 2.8 (0.45)
18b 2 (0.00)
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Mean plausibility rating for each itemAdults

Item Target Picture
la 1.20 (0.00)
1b 1.80 (0.00)
2a 1.20 (0.00)
2b 1.80 (0.84)
3a 1.67 (0.58)
3b 1.25 (0.50)
4a 1.50 (1.00)
4b 1.20 (0.45)
5a 1.25 (0.50)
5b 1.20 (0.45)
6a 1.00 (0.00)
6b 2.00 (1.16)
7a 3.80 (0.45)
7b 3.20 (1.10)
8a 3.40 (0.89)
8b 3.75 (0.50)
9a 3.40 (0.89)
9b 3.80 (0.45)
10a 3.60 (0.55)
10b 3.00 (0.82)
1lla 3.40 (0.55)
11b 3.00 (1.25)
12a 3.40 (1.34)
12b 3.40 (0.89)
13a 3.80 (0.45)
13b 1.25 (0.43)
14a 3.25(0.96)
14b 1.00 (0.00)
15a 3.80 (0.45)
15b 1.00 (0.00)
16a 3.20 (0.84)
16b 1.40 (0.55)
17a 3.80 (0.45)
17b 1.60 (0.55)
18a 3.40 (0.55)
18b 1.20 (0.45)
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Appendix 4.1 tReadability Levels for All Stories

Readabilit

Story Rating g
Counterfactuat

World
Story 1 +Version 1 8.19
Story 1 Version 2 8.164
Story 2 #Version 1 7.57
Story 2 +Version 2 7.815
Story 3 #Version 1 6.98
Story 3 #Version 2 8.513
Story 4 #Version 1 8.435
Story 4 +Version 2 7.919
Story 5 +Version 1 8.732
Story 5 +Version 2 8.216
Story 6 +Version 1 7.893
Story 6 +Version 2 7.57

RealWorld

Story 7 +Version 1 7.57
Story 7 +Version 2 7.893
Story 8 +Version 1 8.383
Story 8 +Version 2 7.596
Story 9 +Version 1 7.028
Story 9 +Version 2 7.325
Story 10 +Version 1 7.351
Story 10 +Version 2 7.839
Story 11 #Version 1 7.325
Story 11 #Version 2 7.325
Story 12 +Version 1 7.893
Story 12 +Version 2 7.054

Literal
Story 13 +Version 1 8.164
Story 13 +Version 2 8.138
Story 14 +Version 1 8.435
Story 14 +Version 2 8.435
Story 15 +Version 1 7.596
Story 15 +Version 2 7.622
Story 16 +Version 1 8.164
Story 16 +Version 2 7.841
Story 17 +Version 1 7.325
Story 17 *Version 2 6.434
Story 18 +Version 1 6.976
Story 18 +Version 2 7.596
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Appendix 4.2 xinteractions for IST Reading Speed (Stage 1)
Plausibility * Age:F (1, 28) = .56p= .46, S8.02

Inference * AgeF (2, 56) = .32p=.73, S38.02

Plausibility * Inference TypeF (2, 56) = .56p= .57, S8.02

Plausibility * Inference Type * Ager (2, 56) = 1.24p=.30, S8.05
Appendix 4.3 xinteractions for Accuracy (Stage 1)

Plausibility * Age:F (1, 56 =3.04,p=.09, S38.05

Plausibility * Task:F (1, 56) = 0.02p= .88, S9.001

Plausibility * Age * TaskF (1, 56) = 0.30p=.59, S3.01

Inference Type * AgeF (2, 112) = 0.76p= .47, S3.01

Inference Type * Task= (2, 112) = 0.56p= .57, S83.01

Inference Type * Age * Taske (2, 112) = 0.41p= .66, S8.01

Plausibility * Inference TypeF (2, 112) = 0.87p= .42, S3.02

Plausibility * Inference Type * Ager (2, 112) = 2.36p=.10, S38.04

Plausibility * Inference Type * Taslke (2, 112) = 0.03p= .97, S9.001

Plausibility * Inference Type * Age * Task (2, 112) = 0.04p= .96, S38.001

Age * Task:F (1, 56) =0.41p=.53, Sa8.01

332



Appendix 4.4 tFinal Stories, Critical Textsand Pictorial Stimuli Used

CounterfactualtWorld Stories

There are six counterfactual-world stories, these stories contain one
counterfactual-world causal inference evoking critical sentence and one
counterfactual-world elaborative inference evoking critical sentence. Causal
evoking inference items can be identified by a '(c)' at the end of the sentence
and elaborative evoking inference items can be identified be an '(e).'
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Item 1: Version 1
/LO\ DQG -RHYV VSDFHVKLS OD Q G SuddhWtheégrfadnESROWRV RP RI D FOLII

The weight of the spaceship had made the cliff fall down. Huge rocks were crashing down all around Lily
and Joe.

Eventually, the giant rocks stopped falling. Lily and Joe climbed out of their ship. They looked around.

A massive egg had fallen to the ground with the rocks! Slowly Lily and Joe made their way over to the
egg.

The giant egg began to crack loudly. Soon, instead of the egg there was a small bear cub. (c) RED

The tiny bear cub had hatched from the egg

Lily ran over to the tiny bear cub. He was very upset.

3+H PXVW KDYH IDOOHQ IURP WKH FOLII :H KDYH WR WDNH KLP EDFN WR
started to climb the cliff.

The cliff was very steep. Climbing it was hard work. To make it worse it was quite a cold dark day.
When the sun came out Lily and Joe noticed something weird.
The tiny bear cub was quite odd. He was not covered in fur. He was covered in cheese. (e) RED

The bear cub was a yellowish colour

After a few hours Lily and Joe came to a huge nest. They put bear cub into the nest. Lily and Joe then
rushed back to their spaceship.
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Item 1: Version 2
/LO\ DQG -RHYV VSDFHVKLS ODQGHG DW WKH ERWWRP RI D FOLII 6XGGHC

The weight of the spaceship had made the cliff fall down. Huge rocks were crashing down all around them.
Eventually, the rocks stopped falling.

Lily and Joe climbed out of their spaceship. They looked around.

They spotted a small rock that was still shaking. There was a tiny animal hiding under the rock. It was a
bear cub.

The tiny bear cub was quite odd. He was not covered in fur. He was covered in cheese. (c) RED

Lily ran over to the tiny bear cub. He was very upset.

3+H PXVW KDYH IDOOHQ IURP WKH FOLII :H KDYH WR WDNH KLP EDFN WR
up the cliff.

The cliff was very steep. Climbing it was hard work.
After a few hours Lily and Joe came to a massive nest. There was a big green egg in the nest.

The giant egg began to crack loudly. Soon, instead of the egg there was a small bear cub. (e) RED

"This must be where our cub came from!" said Lily. They put their bear cub in to the big nest. Lily and Joe
then rushed back to their spaceship.
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Item 1. Comprehension Questions

The spaceship had caused the cliff to fall down (ex)

Lily and Joe were very tired after climbing the cliff (inf)
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Item 2: Version 1

Lily and Joe landed on a planet covered in trees.

They began to explore the planet, but as they went deeper into the forest it began to get dark and scary.
3/HWYV JR EDFN ~ EHJJHG /LO\ 3:H FDQ W ZH UH ORVW “~ VDLG -RH VDGO\

Lily saw a stream. They could swim down it and out of the forest.
37KLV ZD\ ~ /LO\ VKRXW thiGty./$he beAtDidvrvteldét a quick drink.
7KH 10XLG LQ WKH VWUHDP ZDV EURZQ DQG VWHDPLQJ 3YePREBFK RXW /LO\

The large wet stream was very hot

Lily and Joe would have to keep walking through the forests. However, as they went on they began to feel
like they were being followed.

They heard a thud. They turned back to look. All they could see was trees.
THUD!! They looked back again. There was still no one in sight, just trees. "This is very weird," said Lily.
Then they heard a huge clunk. They turned round and saw a large tree.

The tree was ten feet away. They turned around again. The same tree was now two feet away. (c)
YELLOW

The large tree was moving closer to them

Lily and Joe were lost and now the trees were chasing them. Suddenly they heard a whizzing sound.
Crashing through the trees came their spaceship! They were saved!
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Item 2: Version 2

Lily and Joe landed on a planet covered in trees. They began to explore. They went deeper and deeper
into the forest.

However, Lily and Joe soon began to feel like they were being followed.

They heard a thud. They span back to look. All they could see was trees. THUD!!! THUD!!! They looked
back again. There was still no one in sight, just trees.

CLUNK!!I They turned around and saw a large tree.

The tree was ten feet away. They turned around again. The same tree was now two feet away. (c)
YELLOW

The tree was following them!!! In fact the tree was chasing them!
3/HW V JR EDFN ~ EHJJHG /LO\ 3, ZLVK ZH FRXOG EXW ZH UH ORVW ~ VDL
Lily spotted a large stream. They were saved. They could swim down it and out of the woods.

34XLFN WK b&shobted. LW ran over to the water as fast as she could. Lily was very thirsty. She
bent down to get a quick drink.

7KH IOXLG LQ WKH VWUHDP ZDV EURZQ DQG VWHDPLQJ 3JepREBPK RXW /LO\

Lily and Joe were stuck. There was no way out. Suddenly they heard a whizzing sound. Crashing through
the trees came their spaceship! They were saved!
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Item 2: Comprehension Questions

Lily and Joe were lost (ex)

The woods scared Lily and Joe (inf)
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Item 3: Version 1

Joe and Lily had just landed. They had just climbed out of their spaceship when Kaprunk! Kaprang! BANG!
The spaceship vanished!!!

A few seconds later it reappeared miles away. Luckily a kind man was passing. He agreed to guide Lily
and Joe to their spaceship.

They reached the spaceship quickly. But there was a problem.

The ship was on the other side of a deep hole. The hole was too wide to jump over. The man was not
worried.

Arms spread wide he jumped off the ledge . A few seconds later he was on the other side. (c) BLUE

The kind man had flown across the large hole

3+ XUU\ XS \RX WZR &RPH RQ RYHU” FDOOHG WKH PDQ
3& RXOG \RX MXVW IO\ WKH VKLS EDFN RYHU WR XV"" DVNHG /LO\ +H GLG

They spent the rest of the day with the man. He told them fantastic story after fantastic story. He even told
them what it is like to fly!

The day sped by. When it was time to leave Lily and Joe shook the man's hand. The man's hands were
very odd.

They were shaped like human hands. But, they were like a large bird's wing in every other way. (€)
RED

The man's hand was covered in feathers.
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Lily and Joe thanked the kind man for his help. They then flew off on a new adventure.
Item 3: Version 2

Joe and Lily had just landed on an extremely rocky planet.

They had just climbed out of their spaceship when Kaprunk! Kaprang! BANG! The spaceship vanished!!! A
few seconds later it reappeared many miles away.

The path to the ship didn't look easy though. Luckily a kind man was passing by. He agreed to guide Lily
and Joe to their ship.

The man was just about the same as the men on Earth. However, his hands were very different.

They were shaped like human hands. But, they were like a large bird's wing in every other way. (e)
RED

The kind man was very funny. He told Lily and Joe fantastic story after story. He had led a very good life.

The long journey to the ship flew by. In no time they were very close to the ship. But there was a big
problem. A very big problem.

The ship was on the other side of a deep hole. The hole was far too wide to jump over.
The man was not worried.

Arms spread wide he jumped off the ledge. A few seconds later he was on the other side. (c) BLUE

Lily and Joe thanked the kind man for his help. They then flew off on a new adventure.
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Item 3: Comprehension Questions

The man told Lily and Joe stories (ex)

Lily and Joe enjoyed their time on the planet (inf)
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Item 4: Version 1
Lily and Joe landed on a really sandy planet. The strong wind kept blowing sand into their faces.

Out of the blue an old piece of paper was blown into Joe's face.

Eventually the wind dropped. Joe looked at the piece of paper that had hit him. "It's a treasure map!" he
shouted out.

First, the map took them into a forest. The forest was unlike any forest they had ever seen.
The trees were odd. The leaves were covered in tiny rubies that glinted in the sunlight. (e) BLUE

The leaves on the trees were red in colour

1l B

Once out of the woods Lily and Joe came to a lake. On the other side of the lake was a chest.

The lake was huge. The chest was too far away to swim to. Plus, there was no boat. There was no way for
Lily and Joe to reach the chest.

They were just about to give up. But then Joe spotted a note on the map. 'Cross the lake like a jesus
lizard.'

"Come with me," said Joe.
Lily and Joe slowly stepped onto the murky lake. They crossed the lake within no time. (c) GREEN

Lily and Joe had walked on the water
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They reached the treasure chest. Shockingly, it was full of eggs. Lily and Joe laughed all the way back to
the spaceship.

Item 4: Version 2

Lily and Joe landed on a windy planet. An old piece of paper blew into Joe's face. "It's a treasure map!"
Joe cried out.

First the map took them to a lake. However, the lake was too large to swim across. Plus, there was no
boat.

They were about to give up. But then Joe saw a note on the map. 'Cross the lake like a jesus lizard.'
"Come with me," said Joe.

Lily and Joe slowly stepped onto the murky lake. They crossed the lake within no time. (c) GREEN

The old map then took Lily and Joe all over. They went over huge cliffs and harsh dry sands.

It was very hard work. They felt like they had been walking for days and days.

However, Lily and Joe knew it would be worth it. The chest would be full of huge gems and money.
Eventually, the map took them into a huge forest. It was not like any they had ever seen.

The trees were odd. The leaves were covered in tiny rubies that glinted in the sunlight . (e) BLUE

In the middle of the forest was the treasure chest. It was full of eggs! Lily and Joe laughed all the way back
to the spaceship.
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Item 4: Comprehension Questions

An old newspaper blew into Joe's face (ex)

Lily and Joe followed the map for hours (inf)
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Item 5: Version 1

Lily and Joe landed on a planet full of huge mountains and big fluffy dogs.
One of the dogs ran up to them. Wag wag wag, went his big fluffy tail.

Lily and Joe spent most of the morning playing with the dog. They called him Chip. But, their fun soon
came to a halt.

THUMP! THUMP! THUMP! The floor began to shake. Even the tall trees shook.

Lily and Joe looked up. The giant grey  leaves above their heads were made of solid stone. (e)
YELLOW

The giant grey leaves were very heavy

THUMP! THUMP! The noise began to get closer. There was a massive roar. Suddenly a tiger jumped out
of the trees.

The tiger was huge. It had giant white teeth and huge claws. Lily, Joe and Chip ran as fast as they could.
Sadly, they had no idea where they were going. They ran straight into a dead end.

There was no way out. They were stuck!

The hungry tiger pounced. Almost instantly Joe's face was covered in warm sticky spit. (c) GREEN

The large hungry tiger had licked Jo  e's face

NSt

S
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The tiger was not dangerous. He just wanted to play! Lily, Joe and Chip played with the lonely tiger all day.
Lily and Joe were sad to leave the planet and their new friends.

Item 5: Version 2
Lilly and Joe landed on a planet full of huge mountains and big fluffy dogs.

One of the dogs ran up to them. Wag, wag, wag, went his big fluffy tail.

Lilly and Joe spent most of the morning playing with the dog. They called him Chip. However, their fun
soon came to a halt.

There was a giant roar. Suddenly, a tiger leapt out of the trees.

The hungry tiger pounced. Almost instantly Joe's face was covered in warm sticky spit. (c) GREEN

The giant tiger was not scary after all. Lilly, Joe and Chip played with the tiger all day. At first they chose to
play hide and seek.

Sadly, the tiger was awful at hide and seek. He was far too big and heavy.
Every time he made a move the whole place shook.
THUMP! THUMP! THUMP! THUMP! The floor began to shake. Even the tall trees shook.

Lily and Joe looked up. The giant grey  leaves above their heads were made of solid stone. (e)
YELLOW

Lily, Joe and Chip decided that hide and seek was too dangerous! They played chess with the clever tiger
instead. Lily and Joe were sad to leave the fun planet and their new friends.
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Item 5: Comprehension Questions

Chip was a small cat (ex)

The tiger wanted to eat Lily and Joe (inf)
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Item 6: Version 1

Lily and Joe landed on a planet covered in fish, milk, and grass. "Wow! This planet would be perfect for
cats," said Lily.

After a while Lily and Joe came to a huge brick wall with lots of guards in front of it.

"Would you like to see 'Cat-World'?" asked a guard. "Sure," said Lily.

'Cat-World' was not what they had expected. It was full of lots of very sad cats.

3+HOOR "~ FDPH D YRLFH IURP EHORZ 7KH\ ORRNHG GRZBLWR VHH D FDW (

The cat had spoken to Lily and Joe.

"Hi, are you OK?" asked Lily.

The sad cat shook his head. "Years ago only cats lived here. One day nasty men came. They caged all of
us and put us in here."

"But there are so many trees," said Joe. "You could use them to get out."

"The trees are too soft for that," said that cat. Joe was quite puzzled. He reached out and touched one of
the trees.

The trees were odd. The tree trunks were not made of wood. They were made out of huge pipe
cleaners . () GREEN

The tree trunks in CatWorld were quite bendy

Joe had an idea. They could use the trees to make a catapult to fire the cats over the wall. One by one Joe
and Lily set the cats free.
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Item 6: Version 2
Lily and Joe landed on a planet covered in fish, milk, and grass. "This planet would be perfect for cats,"
said Lily.

After a while Lily and Joe came to a huge brick wall with lots of guards in front of it.
"Would you like to see 'Cat-World'?" asked a guard. "Sure," said Lily.
'Cat-World' was dark and bare. There were just a few trees. Joe touched one of the trees.

The trees were odd. The tree trunks were not made of wood. They were made out of huge pipe
cleaners. (e) GREEN

'Cat-World' was also full of sad cats.

-RH DQG /LO\ VDZ D VLJQ« ODQ\ \HDUV DJR RQO\ FDWV OLYHG KHUH 7KH
find a use for the cats. But, cats are of no use to us. So we put them in this giant cage. Then we took over.'

Lily and Joe were very upset by this.

"We have to help the cats," sobbed Lily.

3+HOOR ~ FDPH D YRLFH IURP EHORZ 7KH\ ORRNHG GRZBLUWER VHH D FDW (

Joe had an idea. They could use the trees to make a catapult to fire the cats over the wall. One by one Joe
and Lily set the cats free.
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Item 6: Comprehension Questions

The cats in 'Cat-World' were happy (ex)

The cats wanted to escape (inf)
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RealWorld Stories

There are six real-world stories, these stories contain one real-world causal
inference evoking critical sentence and one real-world elaborative inference
evoking critical sentence. Causal evoking inference items can be identified by a
'(c)" at the end of the sentence and elaborative evoking inference items can be
identified be an '(e).’
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Item 7: Version 1
Lily and Joe landed on a planet covered in big green fields.

The planet was home to lots of animals. There were ducks and pigs. There were sheep and geese. The
animals did not look happy though. The animals looked scared.

Lily and Joe tried to get close to the animals but the animals ran away from them. Lily and Joe looked
around. They found an eye patch on the floor.

Joe heard a long deep sound. Joe turned around to see a big cow walking towards him. (c) BLUE

The large cow had made the mooing sound.

7KH FRZ ZDONHG SDVW -RH WKHQ KH ORRNHG EDFN DQG PRRHG 3, WKLQ
Lily and Joe followed the cow to a large lake. In the middle of the lake was a pirate ship!

The pirates were throwing stones at any animal tryingtodrLQN I URP WKH ODNH 3, NQRZ ZKDW W
SEXW , QHHG D EDJ ~

Luckily a snake skin floated past Joe. He took it and made a bag out of it. (e) YELLOW

The bag Joe made was covered in scales

-RH VHW KLV WUDQVSRUWHU WR thShay andithre® D& Qeé-pratsSSIRSSHG LW LQWR

The pirates disappeared and the animals could drink from the lake again.
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Item 7: Version 2
Lily and Joe landed on a planet covered in deep blue lakes. There were only a few small islands dotted

here and there.
The ocean was crystal clear. It was also full of amazing fish, dolphins, and crabs.
The sea was also full of beautiful rocks and shells. "Let's take a rock home with us," said Joe.

‘H FDQ W VDLG /LO\ VDGO\ 2XU VZLPPLQJ FRVWXPHV GRQTW KDYH DQ\

Luckily a snake skin floated past Joe. He took it and made a bag out of it. (e) YELLOW

Lily put her favourite stone into the bag.

Lily and Joe hopped onto an island. The animals on the island looked scared. It did not take Lily long to
work out why. In the middle of the island there was a huge pirate ship.

3:H ZDQW WKH JLUOTV JHP " VKRXWHG WKH SL theridt\she/e® toZ2dpedd HG WR JL
to go near them.

Joe heard a long deep sound. Joe turned around to see a cow walking towards in him. (c) BLUE

The brave cow took the gem from Lily to the pirates. There was a big bang and a whiz. Then the huge
pirate ship shot into the air and disappeared.
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Item 7: Comprehension Questions

The tiny black spot was actually a pirate ship (ex)

The whale liked Lily and Joe (inf)
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Item 8: Version 1

Lily and Joe had flown straight into an asteroid storm. Giant rocks were crashing into the spaceship. It was
going to get damaged.

Lily and Joe had to make a quick landing. They were able to land on a sandy beach next to a huge ocean.

The ocean was crystal clear. The best thing was the beach was empty.

But, there was a reason for that. The ocean was full of sharks! Lily dived into the sea.

+RZHYHU D VKDUN ZDV DSSURDFKLQJ ,W DWWDFNHG %O RRBOWHIDQ WR

The evil shark had bitten Lily's arm

Lily cried out! Joe swam out to save her. But many more sharks began to pop up. Lily and Joe were stuck!
They began to panic. Out of the blue came a small boat.

There was a pink man in the boat. "Climb in," said the pink man. Lily and Joe were saved!

The man took Lily and Joe back to his town. In the middle of the town was a large statue.

The gigantic clay statue shone in the sun light. It must have been at least ten feet high. (e) BLUE

The statue was a burnt orange colour
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After a day in the town Lily and Joe went back to their spaceship. Joe fixed up Lily's arm and then they left
the planet.

Item 8: Version 2

Lily and Joe had flown into an asteroid storm. Giant rocks were crashing into the spaceship. It was going
to get damaged.

CRASH!! WHACKI!!! A rock hit the wing. The wing fell off and landed in the ocean below.
The ship was out of control. Lily and Joe had to make an emergency landing.
They were able to land on a beach next to the huge ocean. There was a boat tied up next to a statue.

The gigantic clay statue shone in the sun light. It must have been at least ten feet high. (e) BLUE

Lily and Joe could see the wing in the ocean. However, they could also see some very evil sharks.
Lily and Joe climbed into the boat. They made it to the wing in no time.
Sadly, the heavy wing had started to sink. Lily and Joe could not reach the wing from the boat.

One of them would have to jump in for it. Lily dove into the sea. She grabbed the wing.

However, a shark was approaching.t DWWDFNHG %ORRG EHJDQ WR ()SMEOOW XW R1 /LC
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Joe pulled Lily and the wing into the boat. Joe put the wing back on the spaceship. They then flew away
from the awful planet.

Item 8: Comprehension Questions

The statue was tiny (ex)

The sharks were hungry (inf)
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Item 9: Version 1
Lily and Joe landed on a planet covered in ice.

The only animals around were large hippos. However, legend said a lost tribe of humans also lived on the
planet.

A photo of this tribe would be worth millions. Lily and Joe decided to look for the tribe.

They came to a very thin piece of ice. Did they dare to cross it? On the other side of this thin ice was a
hairy hippo.

The hippo looked at Lily and Joe. As the hippo walked its giant feet cracked the groun d. (e) RED

The hippo was very, very heavy

Joe and Lily saw something where the hippo had been stood. What was it? It was pink and blue. Was it a
teddy bear?

"Do you think it is from the lost tribe?" asked Joe. "It must be!" cried Lily.

"We could go and take a look," said Joe. "But the ice is so thin," said Lily.

"I think we'll be able to make it," said Joe.

They cautiously crept on to the thin ice. Crack! Crack! Ice cold water swept all over them. (c) BLUE

Lily and Joe had fallen through the ice

Lily and Joe began to drown. Suddenly they were pulled out of the water. They looked around. However,
they never found out who pulled them out of the water.
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Item 9: Version 2

Lily and Joe landed on a planet covered in ice.

The only animals around were hairy hippos. However, legend said a lost tribe of humans also lived on the
planet.

A photo of this tribe would be worth millions. Lily and Joe decided to look for the tribe.

Joe and Lily saw a small pink teddy bear. It must have been from the tribe. It was on the other side of
some very thin ice.

They cautiously crept on to the thin ice. Crack! Crack! Ice cold water swept all over them. (c) BLUE

Lily and Joe began to drown. Suddenly, they were pulled out of the water. They quickly looked round.
However, there was no one about.

Lily and Joe tried to find the lost tribe all day. After hours of searching they gave up.
They headed back to the ship. They went by the patch of ice they had fallen into.
A hairy hippo was stood on the other side of the ice.

The hippo looked at Lily and Joe. As the hippo walked its giant feet cracked the ground. (e) RED

Could the hippo have saved them? Lily and Joe would never find out who saved them. They would always
be very, very thankful though.
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Item 9: Comprehension Questions

The hippo fell through the ice (ex)

Lily and Joe were glad that they had been saved from drowning (inf)

361



Item 10: Version 1
Joe and Lily landed on a lovely planet. Some friendly aliens called Blibs lived on the planet.

The Blibs were about as tall as a desk chair. They were like big shaky blobs of green jelly. They didn't
have arms or legs.

The Blibs loved to grow stuff. The Blibs used their plants to make magical medicines.
The Blibs noticed that Joe looked ill.
The caring Blibs gave Joe a special medicine. It was made from mashed up bananas . () GREEN

The medicine was yellow in colour

Joe was starting to feel better when whole place went pitch black. The sun was a giant light bulb and it had
just blown out.

Sadly, it was too high for the Blibs to reach. An engineer put a new light bulb in every year. Sadly, he was
not due for weeks.

37KH SODQWYV ZLOO GLH " FULHG WKH %OLEV 3&DOP GRZQ ~ VDLG -RH 3,
Joe put in the new bulb. But the bright light dazzled him and he slipped.
Joe fell to the ground. He landed on his leg. There was a crack and Joe cried out in pain. (c) BLUE

One of the bones in Joe's leg had broken

/IXFNLO\ WKH %OLEV KDG D VSHFLDO PHGLFLQH WR PHQG EURNHQ ERQHV
better.
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Item 10: Version 2
Joe and Lily landed on a planet in darkness. Friendly aliens called Blibs lived on the planet. Their sun was
a giant light bulb and it had just blown out.

An engineer changed the bulb every year. Sadly he was not due for weeks.
TheBIEV ZHUH DOO YHU\ XSVHW 3&DOP GRZQ "~ VDLG -RH 3, ZLOO FKDQJH \
Joe put in the new bulb. But the light dazzled him and he fell.

Joe fell to the ground. He landed on his leg. There was a crack and Joe cried out in pain. (c) BLUE

"OUCH!!! OUCH!!! OUCH!!! OUCH!!!" Joe cried out in pain. The fall had broken Joe's leg.
He was in an awful lot of pain! The pain was so bad Joe felt like he was going to pass out.

Luckily, the smart Blibs very, very good at growing things. The whole planet was covered in weird yet
wonderful plants.

The Blibs used their plants to make magical medicines.

The caring Blibs gave Joe a special medicine. It was made from mashed up bananas. (e) GREEN

Joe took the medicine. It was really yummy. The best thing was it was a special medicine that could heal
broken bones. Within no time at all Joe's leg was all better.
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Item 10: Comprehension Questions

The Blibs were not good at growing plants (ex)

The Blibs do not like the dark (inf)
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Item 11: Version 1
Lily and Joe landed on a very, very snowy planet. First Lily and Joe wrapped up warm.

They put on five coats and seven pairs of socks. Then they got out of their nice and warm spaceship. The
planet was ice cold.

"Wow it's freezing!!" said Lily. "How could anyone live here? It's far too cold!"
It seemed as though someone did live on the ice cold planet though.

Lily and Joe spotted a little white house. The tiny round house was made out of show . (e) YELLOW

The tiny white round house was very cold.

Lily and Joe ran up to the tiny house. They knocked on the snowy door.

A gruff old man answered. As soon as he saw Lily and Joe he smiled. The man told Lily and Joe that he
was the only human left on the planet.

"Aren't you lonely?" asked Joe. "No, | have many friends," said the man. "Let me show you."

They all went outside. The old man whistled at a group of penguins.

One penguin jumped into the cold ocean. A few seconds later it was at their feet. (c) YELLOW

The penguin had swum to Lily and Joe.

"You see the penguins are my friends," said the man happily. Lily and Joe spent the afternoon with the
man and his penguins. They then flew off on another adventure.
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Item 11: Version 2
Lily and Joe landed on a snowy planet. First Lily and Joe wrapped up warm. Then they got out of their
spaceship.

The planet was ice cold. The first thing they saw was a family of penguins.
The penguins were on an iceberg in the sea. The penguins looked at Lily and Joe.
There were two large penguins and two baby ones. They all squawked at Lily and Joe.

One penguin jumped into the cold ocean. A few seconds later it was at their feet. (c) YELLOW

The penguins let Lily and Joe stroke them for a while. They then jumped back into the ocean and swam
away.

Lily and Joe decided to explore the rest of the planet. There wasn't much to see.
Every now and then Lily and Joe came across a penguin. That was all though.
Lily and Joe were just about to head back when they saw something.

Lily and Joe spotted a little white house. The tin  y round house was made out of snow.  (e) YELLOW

An old man was in the house. He had been stuck on the planet all alone for years! He missed his family.
He asked Lily and Joe to take him back to his own planet. Lily and Joe did.
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Item 11: ComprehensioQuestions

The planet was freezing cold (ex)

Lily and Joe liked the planet (inf)
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Item 12: Version 1

Joe and Lily had just landed on a planet covered in concrete.

They came to a large sign which said: 'Welcome to Concretia. We are working hard. We want to cover
every inch of this place in concrete.'

Lily and Joe did find some very dry soil though. "At last," said Joe. "Soil!!!"
"We need to plant some seeds" said Lily. "This place needs to come back to life."
Lily planted a tiny seed. A century later an oak tree stood in its place. (c) RED

The tiny seed had grown into an oak tree

The evil robots that lived on Concretia were not happy about this though. In fact they were very, very mad
at Lily and Joe.

Within seconds a large army of robots were stood in front of Lily and Joe.
"KILL THEM BOTH!!!" ordered one of the huge robots.

All of the huge metal robots began to throw big blocks of concrete at Lily and Joe. Luckily Joe spotted a
large shield.

Joe grabbed the steel shield. He used it to protect him and Lily from the huge rocks. (e) GREEN

The shield was hard and inflexible

Lily and Joe ran back to the spaceship as fast as they could. As they flew away Lily threw some seeds out
of the window. She hoped they would find a way to grow.
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Item 12: Version 2

Joe and Lily had just landed on a planet covered in concrete.

"This place is awful," said Joe. "Where are all of the plants?"

Suddenly Lily and Joe were attacked by an army of huge robots.

The robots were throwing big blocks of concrete at Lily and Joe. Luckily Joe spotted a shield.

Joe grabbed the steel shield. He used it to protect him and Lily from the huge rocks. (e) GREEN

Lily and Joe ran away from the robots as fast as they could. They out ran the robots. However, Lily and
Joe realised that they were lost.

Lily began to cry. "Don't cry," said a tiny mouse. "I'll take you back to your ship." Lily and Joe followed the
mouse back to their ship.

"Is there anything we can do for you," asked Joe. "Some grass and plants would be nice," said the mouse.
"But nothing grows in concrete.”

Lily smiled. She gave the mouse a bag of seeds. "These seeds will grow, even in concrete.”

Lily planted a tiny seed. A century later an oak tree stood in its place. (c) RED

The mouse promised them that he would plant all of the seeds and bring the planet back to life. Lily and
Joe then left the awful planet.
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Item 12: Comprehension Questions

The planet was covered in grass (ex)

The robots were glad that Lily and Joe had come to their planet (inf)
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Literal Stories

There are six literal stories, these stories contain one real-world critical
sentence and one counterfactual-world critical sentence. Real-world critical
sentence items can be identified by a '(rw)' at the end of the sentence and
counterfactual-world sentence items can be identified be a '(cfw).’
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Item 13: Version 1

Lily and Joe landed on a planet full of caves. They decided to go caving.

Caving was fun, but really hard work. Soon, Lily and Joe were hungry and tired. They decided to head
back.

+RZHYHU WKHUH ZDV D SUREOHP 2QH RI WKH KROHV WKH\YG FDUHIXOO\
To make it worse a fish was in the hole! A fish with razor sharp teeth and huge claws.
Surprisingly the fish was massive. The fish was also covered in pink and green fur. (cfw) RED

The fish was covered in pink and green fur

Lily and Joe froze. The fish was scary.

"We can wait here until the fish swims back out of the hole," said Joe.

But the cave was filling with water too. "We can't! If we stay in the cave we'll drown," said Lily.
Suddenly, the fish made a sound. The sound was a low deep growl. Lily gazed at it.

Lily did not want to wake the huge fish up. So when Lily spoke to Joe she whispered . (rw) BLUE

When Lily spoke to Joe she had whispered

"The fish is snoring!" said Lily. "It's asleep." There was a thin ledge next to the hole the fish was in. Lily and
Joe tiptoed around the ledge. They ran out of the cave and back to the spaceship.
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Item 13: Version 2

Lily and Joe landed on a planet full of caves. They decided to go caving.
Soon, Lily and Joe were hungry and tired. They decided to turn back.

However, there was a problem. One of the holes they had crossed earlier was now full of water. To make it
worse a huge fish was in the hole!

Suddenly, the fish made a sound. It was a low deep growl. Lily gazed at it.

Lily did not want to wake the huge f ish up. So when Lily spoke to Joe she whispered. (rw) BLUE

3, WKLQN WKH ILVK LV DVOHHS “ /LO\ VDLG 3 W V VQRULQJ ~

Luckily, there was a thin ledge next to the hole. Lily and Joe were almost out of the cave when the ledge
behind them broke.

A rock fell into the water. The fish moved. But it didn't wake up.
As Lily and Joe passed the fish they realised that it was a very odd fish.

Surprisingly the fish was massive. The fish was also covered in pink and green fur. (cfw) RED

Lily and Joe ran out of the caves as fast as they could. They were safe at last. "That was a close one!" said
Lily. "I know!" said Joe. They both began to laugh at the sleeping fish.
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Item 13: Comprehension Questions

The fish was asleep (ex)

A fish was blocking Lily and Joe's exit (inf)
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Item 14: Version 1

Lily and Joe landed on a dusty planet. Everyone was holding plant pots.

The people were all walking through a tunnel. Lily and Joe followed them. On the other side of the tunnel
was a lake.

CRASH!!I Suddenly rocks began to fall down all over the place. Lily and Joe hid under a tree.
Eventually, the rocks stopped falling. But huge rocks were now in front of the tunnel. They were all stuck!!!
The people in this place wore tops made from el  astic. Elastic is quite stretchy . (rw) GREEN

The elastic was quite stretchy

This gave Lily an idea. They could use the tops to make a trampoline. Everyone could then jump over the
tunnel.

Lily told the men and women her idea. They all began to help her. They all gave Lily their tops.

Since there was now a way out of the tunnel they began to relax. They put their plant pots down next to
the lake.

Every plant then did quite a strange thing.

These plants did not suck up water from their roots. The plants sucked up water from a huge straw.
(cfw) YELLOW

The plants sucked up water from a huge straw
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Lily and Joe watched the plants drink for the rest of the day. It was an amazing sight. They then bounced
over the tunnel and back to their spaceship.

Item 14: Version 2

Lily and Joe landed on a dusty planet. Everyone was holding plant pots. The people were walking through
a tunnel.

"Where are you going?" asked Lilly. "It hasn't rained for weeks. So we're taking the plants to the lake." said
a man.

Lily and Joe followed him. On the other side of the tunnel was a lake.
All of the plants were put down next to the lake. The plants then did quite an odd thing.

These plants did not suck up water fro m their roots. The plants sucked up water from a huge straw.
(cfw) YELLOW

Lily and Joe watched the plants drink. It was a very cool sight. Each plant drank for about an hour.
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from the sky.

Lily and Joe hid under a large tree. Eventually, the falling came to a stop.
Sadly, two huge rocks were now in front the tunnel. They were all stuck!!

The people in this place wore tops made from elastic. Elastic is quite stretchy . (rw) GREEN

This gave Lily an idea. They could use the tops to make a trampoline. They could then jump over the
tunnel. Everyone was free in no time at all.
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Item 14: Comprehension Questions

The people gave Lily their trousers (ex)

The people were happy that the tunnel was blocked (inf)
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Item 15: Version 1
Lily and Joe landed on a planet in chaos. There had been a murder.

The kind old bear that lived on a small island just outside of the city had been found dead.

The island was surrounded by a fast flowing river. There was no bridge and no boats. The only way to
reach the island was to swim.

A slimy fish had been seen at the scene. But he had not been seen since. Lily saw the fish.
The large fish ran across the green grass. He left a trail of gunky slime as he went. (cfw) YELLOW

The large fish had run across the green grass

"I didn't do it!" cried the fish, "l can't swim." So the fish couldn't have killed the bear. But if he didn't do it
who did?

Joe had an idea. Lily, Joe and the fish went to the bear's house.
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"Well | could have told you that," said a large rhino that lived with the bear.

The rhino was huge. It had huge feet. The rhino was also very, very heavy. (rw) GREEN

The rhino was very, very heavy

Lily, Joe, the fish, and the bear all returned to the city. Once there they told the police what had really
happened.
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Item 15: Version 2
Lily and Joe landed on a planet in chaos. There had been a murder. The old bear that lived on a small

island just outside of the city had been found dead.

The island was surrounded by a fast flowing river. There was no bridge and no boats. The only way to
reach the island was to swim.

A slimy fish had been seen at the scene. But he had not been seen since.

Suddenly, a rhino spotted the fish.

The rhino was huge. It had huge feet. The rhino was also very, very heavy. (rw) GREEN

"Over there!" shouted the Rhino. "l didn't do it!" cried the fish, "l can't swim." So who had killed the bear?

Joe had an idea. Lily, Joe and the fish went to the bear's house.

-RH VKRRN WKH EHDU W EHJDQ WR PRYH 3+H Matl@®®W GHDG ~ VDLG -RH

Lily, Joe and the fish went back to the city. But the police still thought the fish was guilty. They began to
chase after him.

The large fish ran across the green grass. He left a trail of gunky slime as he went. (cfw) YELLOW

Lily and Joe told the police that the fish didn't kill the bear. The fish was then freed.
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Item 15: comprehension Questions

The fish could swim (ex)

The fish was scared of the police (inf)
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Item 16: Version 1
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The strawberry ice-lolly city was surrounded by thick walls of rock. "The walls keep the ice-cream cold,"
said the man.

"Mmm they look tasty," said Lily. She had to have one.
Lily licked the ice -lolly. She screamed. The ice -lolly was so hot it had burnt her tongue. (cfw) BLUE

The ice lolly was very, very hot

The man began to laugh. "I am Evil-tron!!" he said. "I tried to take over the universe. So the space police
trapped me here. But, now | can steal your spaceship and escape.”

The man laughed then ran off. He shut the door on his way out. Lily and Joe were stuck!

Joe had an idea. They could use an ice lolly to melt the walls.

Lily and Joe were free.

Lily and Joe ran back to the spaceship along the hard road. They quickly made it back. (rw) RED

Lily and Joe ran along the hard road

The man was trying to open the spaceship but it wouldn't open. As soon as Lily and Joe appeared it flew to
them. They jumped in and flew off.
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Item 16: Version 2
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made ofice-FUHDP
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Once there the man began to laugh. "I am Evil-tron!!" he said. "I tried to take over the universe. So the
space police trapped me here. But, now | can steal your spaceship.”

"Quick!" cried Joe.

Lily and Joe ran back to the spaceship along the hard road. They quickly made it back. (rw) RED

Evil-tron had got back to the ship before them. He had laid a trap. Giant walls rose out of the road around
Lily and Joe. They were trapped!

"That evil man is going escape and it's all our fault," cried Lily.
"He won't, the spaceship only opens for us," said Joe.
This made Lily feel much better. "Since we're stuck | might as well have an ice-lolly," said Lily.

Lily licked the ice -lolly. She screamed. The ice -lolly was so hot it had burnt her tongue . (cfw) BLUE

Joe had an idea. They could use an ice lolly to melt the walls. Lily and Joe were free. The spaceship flew
over to them and they flew off.
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Item 16: Comprehension Questions

The planet was made of ice-cream (ex)

Evil-tron was a nice guy (inf)
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Item 17: Version 1
Lily and Joe landed in a small town. The town was a little bit spooky.

"This place is odd," said Joe. Every house was the exact same shade of blue.

Every lawn had the same tree in it. Every tree was the exact same shape. And every leaf was the same
size.

It got worse. Lily and Joe were very surprised. The whole town was perfect.

Every blade of grass was exactly the same. Every blade of grass was quit e short and green. (rw)
BLUE

Every blade of grass was quite short and green

Lily and Joe went into a café. A man came over. He looked just like the man sat in front of them. More men
came into the café.

These men were all very alike too. They all made their way over to Lily and Joe. Lily and Joe were stuck.
30XVW EH WKH VDPH O0OXVW EH WKH VDPH ~ WKH PHQ FKDQWHG
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The men were clones. They all looked the same because the me  n had been grown in giant test
tubes. (cfw) GREEN

The men had been grown in giant test tubes
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then began to fight. Luckily, this meant Lily and Joe were able to sneak out and back to their spaceship.

Item 17: Version 2

Lily and Joe landed in a small town. They went into a café.
A man came over. He looked just like the man sat ahead of them.

More very alike men came into the café. They made their way over to Lily and Joe. Lily and Joe were
trapped.
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The men were clones. They all looked the same because the men had been grown in giant test
tubes. (cfw) GREEN
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The odd men faced each other. Then they began to fight. This meant Lily and Joe were able to sneak
away.

They ran back to their ship. They saw that the whole town was just as weird as the men.
The whole town was the same. Every house was the exact same shade of pale blue.

Every blade of grass was exactly the same. Every blade of grass was quite short and green. (rw)
BLUE
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They got back to the spaceship in no time. "What a lucky escape,” said Joe. "Must be the same, must be
the same,” chanted Lily. Joe froze. "Only joking! You should have seen your face though" laughed Lily.

Item 17: Comprehension Questions

Everything on the planet was the same (ex)

The clones did not want to hurt Lily and Joe (inf)
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Item 18: Version 1

Lily and Joe landed on a planet covered in deserts. There were also lots of cool purple rocks.

Lily and Joe decided to look for a rock as a gift for their friend Newt. Eventually they spotted a rock shaped
like an N.

However, it was on the other side of a large crack in the ground. The crack was full of snakes.
Lily leapt, but the gap was too wide. She fell right into the crack.

3$5*+ $5*+ $5*+ ~ /LO\ FULHG RXW LQ SDLQ Bited lGyx@dkie. HW)LO VQDNH
YELLOW

The large snake had bitten Lily's ankle.

Bravely Joe went into the pit and got Lily out. Lily was as pale as a ghost and very shaky.

Joe had some pills that would save Lily. Sadly, they were back in the spaceship.
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Joe would have to find a faster way back. Luckily, the answer right in front of him.

There was a large herd of very odd zebras. The zebras were covered in huge pink stripes. (cfw)
RED

The zebras were covered in huge pink stripes.

Joe approached the zebras. One of them bowed down so Joe and Lily could ride on its back. Within no
time they were back at the spaceship. Lily got better very fast.
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Item 18: Version 2
Lily and Joe landed on a planet covered in deserts and beautiful purple rocks.

Lily and Joe decided to look for the perfect rock as a present for their friend Newt. Newt collected weird
rocks.

Lily and Joe searched all day. They saw many wonderful things. But they just couldn't find the right rock.
They saw giant pink trees, huge birds, and tiny cats. In front of them was a sight just as weird.

There was a large herd of very odd zebras. The zebras were covered in huge pink stripes. (cfw)
RED

After a while they found the right rock.
It was on the other side of a giant hole. The hole was full of snake after snake.

"Can you jump that far?" asked Joe. "If you fall in the snake pills are in the ship. It will take hours to get
back to them."

Lily leapt, but the gap was too wide. She fell straight into the crack.

3$5*+ $5*+ $5*+ 7~ /LO\ FULHG RXW LQ SDLQ Bitted lGysadkie. tM)LO VQDNH
YELLOW

Joe pulled Lily out of the pit. He approached the zebras. One of them bowed down so they could ride on its
back. Within no time they were back at the spaceship.
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Item 18: Comprehension Questions

The planet was covered in deserts (ex)

The zebras would fit in on Earth (inf)
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Appendix 4.5 tReading Grades

Version 1 Version 2
Story 1 1.66381 1.546566
Story 2 1.389934 1.034305
Story 3 1.319643 1.882885
Story 4 1.833403 1.605384
Story 5 1.263378 1.757986
Story 6 1.383646 1.315577
Story 7 2.558578 2.357026
Story 8 1.82406 2.113874
Story 9 2.047927 2.82226
Story 10 1.724031 1.693808
Story 11 2.595006 2.684251
Story 12 2.743687 2.823654
Story 13 2.22301 2.050983
Story 14 2.504829 2.050983
Story 15 1.705825 1.599674
Story 16 2.015049 2.072054
Story 17 1.580346 1.446664
Story 18 2.937035 1.890408
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Appendix 4.6 tPractice Story

Lily and Joe landed on a new planet. They climbed out of their rocket to look around. Lily felt
unsure. She turned around to head back, but it was too late. Their rocket was rising into the
«ICX A"}u }v Z e« e3}o v }JuE E} | ) 0ofgetfhrthodgh. Siiddedly,e ] v

there was a loud bang. The rocket crashedZ VP A« ¢} o}p 18 Iv} |l >]oC[s Z &
head.

>]oC v3 }Av v %] | p% Z & ]P Z X >]oC[+ 0o EP Z 3§ A .« C
(rw) GREEN

>]oC[+ Z & A + wtraw(E }u

>]oC o]u SE 38} e J(*Z }po o AZ E 8Z E}I1 38 Z ov
eZ}us X ~t iped v §} (Jv $zZ @@diMard Joe junpedipfo the Xver and

swam down it.They saw green fish, red ducks, and pugsés. Theyinally, Lily and Joe could

see their rocket.

The rocket was surrounded by hundreds of sheep. The sheep were quite odd. The sheep
were green. (CFWYELLOW

The sheep were green.

Lily and Joe jumped out of the river. They ran to their rocketak empty. The thieves had
run away. Lily and Joe jumped into their rocket and flew away.

Comprehension Questions
Lily was feeling happy at the start of the story? (inf)

Lily climbed a tree to find the rocket? (exp)
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Appendix 4.7 zRemaining Interactions for SVT Response Time (Stage 2)
Plausibility * Age:F (1,28) =1.20p=.28, S38.04
Inference * AgefF (2,56) =2.26p=.11, S38.01
Plausibility * Inference TypeF (2, 56) =.35p=.71, S3.01
Plausibility * Inference Type * Ager (2,56) = 1.21p=.31, S8.04

Appendix 4.8 tRemaining Interactions for IST Reading Speeds (Stage 2)
Plausibility * Age:F (1, 28) = 0.95p= .34, S38.03
Inference Type * AgeF (2, 56) =0.76p= .47, S38.03
Plausibility * Inference TypeF (2, 56) = 0.80p = .46, S38.03
Plausibility * Inference Type * AgeF (2, 56) = 2.42p=.10, S#8.08

Appendix 4.9 tRemaining Accuracy Interactions (Stage 2)

Plausibility * Age:F (1, 56) =0.19p= .66, S9.01
Plausibility * Task:F (1, 56) = 1.06p= .31, S38.02
Plausibility * Age * TaskF (1, 56) = 0.19p= .66, S9.01
Plausibility * Inference Type * Ager (2, 112) = 1.35p=.27, S8.05
Plausibility * Inference Type * TaslE (2, 112) = 1.69p=.19, S38.06

Plausibility * Inference Type * Age * Taslk (2, 112) = 1.64p= .20, S38.06
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Appendix 5.1- Ethical Approval
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Appendix 5.2 xinformation Sheets, Consent Forms, and Debriefs

Email to Schools/Sports Groups
Dear Head Teacher,

I'm Rebecca Hancock. I'm a PhD student at Sheffield Hallam University. My PhD project will be
exploring the development of reading comprehension and text production skills during
adolescence.

| was wondering if you would be willing to let me work with aro und 5 students from year.
What Would the School Receive for Taking Part?

Once the study is completed | would provide you with feedback. This feedback would offer
suggestions to improve reading comprehension and text production skills.

| would also be happy to run a class/assembly on 'what it is like to go to university' or
'‘Psychology as a subject.’

Your school would also receive a certificate from Sheffield Hallam University stating that you've
been involved in a project that aims to promote literacy skil Is in young people.

What Would Your Students Receilve for Taking Part?

All students that take part will receive a small goody bag, typically filled with small items of
stationary.

We also find that young people generally enjoy the types of tasks | would like them to
complete.

Each student would also receive a certificate.
What Would Your Students Have to Do?

| have developed a variety of computer and paper based tasks to assess reading
comprehension, text production, and related skills.

Students would complete the task in two sessions. The first session is a one-to-one session
which should take no longer than an hour. The second session is a group session, where all 5
students complete the tasks at the same time. Again this session should take no longer than an
hour.

Of course, when these sessions take place would be decided through discussion with the
students' class teachers.

If you think your school would be interested in my project or if you would like any further
details please do not hesitate to contact me.

With Best Wishes,

Rebecca

394



Tier 1 +Organisation Consent
DearHeadteacher

Thank you for taking the time to find out more about my research project. This letter will
provide you with more information about the project.

The project is lookingt how the ability to generate inferences from fantasy and fiction texts
may change with age. Therefore, this project is looking for changes across time, and so the
young people will need to complete the tasks both now and then again 18months later. |
would be looking to work with children from year 5, year 7, and year 9. You can chose which
age group(s) you would like me to work with and within these age groups the groups of
children (i.e., which tutor group) you would like me to work with.

The tasks andctivities will be assessing:

intelligence
reading comprehension abilities
text production skill
counterfactualworld and reaiworld inference generation abilities
ability to access reatorld knowledge
inhibition skill
working memory capacity
X strengthof beliefbias
All tasks are suitable for children and should not differ too much from the tasks they complete
in class. Some tasks will be completed on a laptop and some tasks will be paper based. The
laptop will be provided by the researcher.

X X X X X X X

Parental consent will be gained from the parents and both verbal and written consent will be
gained from the children before they take part in the study.

The young people would be seen individually during school time in a quiet area of your school.
Severasessions may be needed but each session will last no longer than 40minutes and all
sessions will be arranged through discussion with the class teacher. This should minimise any
disruption to learning. It is thought approximateh3Xessions will be néed, however, this
UuCAEC % v JvP }v Z Zlo [+ P v ]o]8] X

All data collected will be treated with the strictest confidence. All data will be anonymised, by
giving each child a unique but random code. This, instead of their name, willdreledoon all
tasks. Any data stored on a computer will be password protected and any paper based data
will be stored in a locked cupboard.

Of course all young people would be able to withdraw from the study at any time during data
collection. The younggwmple will be told if at any point they want to stop then they can.
Furthermore, children will be told that the tasks are voluntary and so if they do not wish to
complete a task they do not have to.

Z]lo & v[e & V 0¢} A13Z E A wts/Qua@ijansiip unfil FilDe¥emEer
2012 by contacting me directly bymaail (dsrh9@exchange.shu.ac.uk). Data collected in
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18months will also be able to be withdrawn up to 2 weeks after data collection. A more
specific time will be given closer to thent.

If you have any further queries about the study please do not hesitate to contact meniayl.e
You can also contact my supervisor Dr Claudine Be@yame by email or telephone
(claudine.bowyeicrane@york.ac.uk; 01904 434398). If you are happthfopupils in your
school to take part in this research please fill in the form below.

Kind regards

Rebecca Hancock

396



Project exploring the development of inference generation abilities: GIRTform

| have read and understood the information given to af®ut this study. | give permission for
the pupils in my school to take part in the research project looking at the development of
inference generation abilities. | understand that participation in this study involves:

X Assessment at time 1 and then agaBrionths later at time 2
x Distribution and collection of parental consent forms on behalf of the researcher

X Children completing several individual test sessions which will last no longer than
40minutes a session

x Children completing a variety of computendchpaper based activities
| also understand that:

x All data will be anonymised

x All data will be securely stored, either in a locked cupboard or when on a computer,
password protected

X The children can withdraw from their data from the study up untit Bécember 2012

X The children do not have to take part if they do not wish

X The children can refuse to complete any tasks

X 8 Vv 0°¢} Al3zZz @ Av C 18Z B 8Z =+ Z}}o }@E 8Z Z]o [-
X | can contact the researcher or her supervisor at poiynt during this study if | have

any questions of queries
Name of SchoolY Y Y YYYYYYYYYYYYYYYYYYY

Head teacherY YYYYYYYYYYYYYYYYYYYYY XX

SignedYYYYYYYYX~, dDat&YEYYYYYYY
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Tier 2 +Parental Consent
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Tier 3 +Child Consent
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Child Debrief
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Undergraduate Consent

Thank you for taking the time to find out more about my research project. This sheet will
provide you with more information about the project.

The project is looking at how the ability to generate inferences from faraadyfiction texts
may change with age and genre. The tasks and activities you will complete will be assessing:

intelligence

reading comprehension abilities

writing skills

counterfactualworld and reaiworld inference generation abilities
ability to accessealworld knowledge

inhibition skill

working memory capacity

strength of belietbias

X X X X X X X X

Some tasks will be completed on a laptop and some tasks will be paper based.

You will be seen individually at times convenient for yourself. Several sessions megdesl
but each session will last no longer than 40minutes. You will receive psycredits for your
participation. These will be awarded after all sessions have been completed.

All data collected will be treated with the strictest confidence. All data wiidmnymised, by

giving you a unigque but random code. This, instead of your name, will be recorded on all tasks.
Any data stored on a computer will be password protected and any paper based data will be
stored in a locked cupboard.

Of course you have théght to withdraw from the study at any time during data collectigm

until 2 weeks after taking part by contacting me directly byail

(dsrh9@exchange.shu.ac.uk). If at any point you wish to stop then you can. Furthermore, all
tasks are voluntary ansb if you do not wish to complete a task you do not have to.

If you have any further queries about the study please do not hesitate to contact meniayl.e
You can also contact my supervisor Dr Lisa Reidynigileor telephone
(sslir@exchange.shu.ac.|dd 14 2255813). If you are happy to take part in this research
please fill in the form on the next page.

Kind regards

Rebecca Hancock
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Project exploring the development of inference generation abilities: GIRTform

| have read and understood the infoation given to me about this study. | understand that
participation in this study involves:

x Completing a variety of computer and paper based activities over several sessions

| also understand that:;

x All data will be anonymised

x All data will be securely ated, either in a locked cupboard or when on a computer,
password protected

x | can withdraw my data from the study up until 2 weeks after taking part
X | do not have to take part if | do not wish to do so
X | can refuse to complete any tasks

X | can contacthe researcher or her supervisor at any point during this study if | have
any questions of queries

Name:YYYYYYYYYYYYYYYYYYYYYYXX

SIgNEdY YYYYYY XXX XXX XXXXXXXXXPLAXXXXXXXXXXXXXXXY X
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Undergraduate Debrief
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Appendix 5.3 - Order of Tasks

Session 1 Session 2
forced-choice pictureselection task written language task
vocabulary task Knowledge task
inhibition task belief bias task

reading comprehension task
working memory task
matrix reasoning task
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Appendix 6.1. tIndividual Analysis for Vocabulary and Matrix Reasoning
Raw Scores
There was found to be a significant main effect of age for vocabulary s8af& (N =

200) = 116.31p < .00). Six nonparametric independeniteésts were conducted to
explore further. Year 5 were found to have weaker vocabulary skills than Year 7
360.00,p< .001,N =100, Year 9 U = 79.50,p < .001,N = 100, and adultsl = 43.00,

p <.001,N =100. Year 7 were found to have weaker vocabulary skills than Yedr 9 (
=324.00p<.001,N=100 and adultsly = 262.50p < .001,N = 100. Year 9 were also
found to have weaker vocabulary skills than adWts 651.00p = .002,N = 100.

A main effect ofage was found for matrix reasoning scor8s(8, N = 200) = 46.01p <

.001). Six nonparametric independentasts were conducted to explore further. Year 5
were found to have weaker matrix reasoning skills than Yedr=§05.50,p < .001,N

=100, Year 9 U = 542.00,p = .006,N = 100, and adults = 426.00,p < .001,N =

100). There was found to be no difference between the matrix reasoning abilities of Year
7 and Year 9y = 687.50p = .576,N = 100. However, Year 7 = 757.00p =.001, N

=100 and Year 9 = 538.00,p = .001,N = 100 were found to have weaker matrix
reasoning skills than adults.
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Appendix 6.2 tIndividual Contributions of Controls

Beta values for Text Quality Regression Models

Year 5 Year 7 Year 9 Adults
Working .359* .159 .019 .014
Memory
Capacity
IQ Raw Score .312 233 347 .070
Single Word  .267 297 112 174
Reading
Score
*p <.05
Beta values for Reading Comprehension Regression Models
Year 5 Year 7 Year 9 Adults
Working .024 .096 .007 .093
Memory
Capacity
IQ Raw Score .238 .009 .087 .235
Single Word  .246 .523* .381 .073
Reading
Score
*p <.05
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Appendix 7.1 xComparisons for Main Effect of Age (Accuracy)

Year 5vs Year & (99) =2.44p=.02
Year 5vs Year ¢ (99) = 2.95p=.004
Year 5 vs Adultst (105) = 4.93p < .001
Year 7 vs Year X (98) =0.72p= .48
Year 7 vs Adultst (104) = 2.03p = .04
Year 9 vs Adultst (104) = 1.03p=.30

Appendix 7.2 £tRemaining Interactions for Accuracy Data
Plausibility * Age:F (1, 203) = .12p= .95, S94.01

Plausibility * Inference Type * Ager (1.85, 383.70) = .63%=.70, S38.01

Appendix 7.3 tAdditional Analysis Comparisons for Main Effect of
Reading Comprehension Age (Accuracy)

7-9;12 years vs H13;12 yearst (98) = 2.82p = .006
7-9;12 years vs 145;12 yearst (95) = 2.72p = .008
7-9;12 years vs 16 years and owdit06) = 2.78p = .006
10-13;12 years vs 145;12 yearst (97) =0.37p=.71
10-13;12 years vs 16 years and oudi08) 0.15p = .88
14-15;12 years vs 16 years and oud05) = .022p = .82

Appendix 7.4 tRemaining Interactions for Additional Analysis Accuracy
Data
Plausibility * Reading Comprehension Ade(1, 206) =.99p= .40, S3.03

Inference Type * Reading ComprehensiogefF- (1.65, 352.56) =1.0h=.41, S0
=.03

Plausibility * Inference Type * Reading Comprehension Ag€l.65, 352.56) = 1.4
=.20, S3.04
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Appendix 7.5 tComparisons for Main Effect of Age (Reading Speed)

Year 5vs Year 7/ (99) = 4.28p <.001
Year 5vs Year % (99) =8.81p<.001
Year 5 vs Adultst (105) = 10.58p < .001
Year 7 vs Year % (98) =4.47p<.001
Year 7 vs Adultst (104) = 6.01p < .001
Year 9 vs Adultst (104) = 1.31p=.19

Appendix 7.6 tRemaining Interactionsfor Reading Speed Data

Plausibility * Age:F (1, 180) =1.15p= .33, S8.02
Inference Type * AgeF (1.92, 346.25) = .014=.99, S3&.003
Plausibility * Inference TypeF (1.92, 346.25) = .03 =.97, S9.001

Plausibility * Inference Type * Ager (1.92, 346.25) = .09 = .99, S38.001
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Appendix 7.7 Additional Analysis
Additional analysis was conducted when exploring accuracy patterns as Year 9 displayed

a qualitatively different pattern to the other gngroups. This was not the case for reading
speed, such a main effect of age was not observed. The Year 9 sample comprises a high
number of young people with reading comprehension levels belowekded
expectations. Therefore, it is possible that regadjmeed patterns were skewed by the mix

of reading abilities in each age grodjmerefore, reading speeds were explored using the
four new reading comprehension age groups created previot8jy1 #ears (n = 49),
10-13;11 years (n =51), 145;11 yearsr( = 48), and 16 years and over (n=59). See Table

7.8 for a summary of reading speed means for each condition. A mixed factorial ANOVA,

with reading speed of critical text as the dependent variable was conducted.

Data was inspected prior to analysis. Sitwe versions of each story were created,
analysis was conducted to determine if one version of the stories was more difficult than
the other. There was found to be no difference between the number of errors made on
Version 1 and Version 2 for those witlreading age of -B;11 yearst((47) = 1.81p

= .08, 10-13;11yearst((49) = 1.04p = .31), 1415;11 yearst((46) = 1.39p = .17 or

16 years and ovet (57) = 0.83,p = .42. Data was therefore collapsed across both
versions. Inspection of ttekewness and kurtosis statistics revealed that for all conditions
the data was normally distributedgezores for skewness and kurtosis were less than 1.96,
the level suggested by Field (2005) for sample sizes less than 200). Homogeneity of
variance was wlated such that the largest standard deviation was more than four times
larger than the smallest standard deviation (Howell, 1987). However, Field suggests
$129% LV UREXVW HQRXJK WR GHDO ZLWK WKLV YLROD
significant fa inference type. Girden (1992) suggest that Hulyehlt, not the
Greenhous&seisser correction, should be used when the estimates of sphericity are
greater than 0.75, as in these cases the Greenlmisger correction is likely to be too
conservative. Qusequently, a parametric ANOVA was conducted to explore the effects
of age, plausibility and inference type on reading speeds, with Heglu statistics

reported for those analyses including inference type.
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Mean number of errar (and Standard Deviations) for reaforld literal, realworld coherenceénferenceevoking, realworld elaborative
inference evoking, counterfactwnabrld literal, counterfactualworld coherenceénference evoking, counterfactenabrld elaborative
inferenceevoking conditions for all Readin§ge groups
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A 2 (Plausibility: reaiworld, counterfactualorld) * 2 (Inference Type: literal,
coherence, elaborative) * 4 (Reading Comprehension A§ell years, 43:11 years,
14-15:11 yess, 16 years) mixed factorial ANOVA was conducted. A main effect of
plausibility was observed, with counterfactuadrid critical sentences being read
significantly slower than reatorld critical sentenced=((1, 206) = 10.01p = .002, S0
=.08. A maineffect of inference type was also observedl(89, 351.69) = 4.1%=.02,

S8 .03. Three post hoc pairwise comparisons were conducted. There was a trend for
coherence critical sentences to be read slower than literal critical sent€¢B063 € 251,
p = .01) and elaborative critical sentences(Z06) = 2.16,p = .03, however, these
differences did not reach significance due to the correction applied. There was no
significant difference between reading speeds for literal critical sentencelsbogve
critical sentenceg (206) = 0.37p =.57). An interaction was observed between inference
type and age (report). Six post hoc pairwise comparisons revealeetlyatr olds read
critical texts significantly slower than @3 year oldst((98) = 4.81,p < .00, 1415
year olds{(95) = 5.88p < .001), and 16 years and ovear(106) = 5.42p < .00]). None
of the remaining comparisons were significgmt>(.42 for all remaining comparisohs

None of the interactions were significaptX .39 for all interactionk
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Appendix 8.1 tExample Stimuli tKnowledge
Experimental Items

=

mammals give birth to live young
most men look quite different
most trees grow from tiny seeds
without help humans can't fly
penguins can't fly but can swim
fish can't walk but they can swim
cats can't talk but can meow
(human speech)

. (whale song)

10.trees are rooted to the ground
11.tigers could bite a human
12.some sharks could bite a human
13.some snakes could bite a human
14.the bones in humans can break
15.thin ice can crack if walked on
16.humans can't walk on water
17.solid rocks can be walked on
18.plants soak up water through roots
19.a lot of bears have brown fur
20.humans are covered in skin
21.snakes skin is covered in scales
22.fish are covered in scales
23.coffee is often quite hot

24.snow is usually cold

25.ice lollies are very cold
26.mostly, leaves on trees are green
27.usually grass is green

28.zebras have black and white stripes
29.Most bananas are yellow
30.most clay is brownish

31.hippos are very heavy

32.rhinos are very heavy

33.leaves are not very heavy
34.most tree trunks are very hard
35. VROLG VWHHO GRHVQTW EHQG
36.concrete walls are quite solid

© 0N AWDN

Fillers (7syllables)

1. Birds are covered in scales
2. Nearly all pink pigs can fly
3. Dolphins can't walk but can fly
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Lions can't talk but can woof
Hippos can't swim but can fly
Many dogs have bright green fur
Pigs are covered in feathers
Most snakes are covered in fur

. Lava is often quite cold
10.Bumble bees have purple stripes
11.Mud is often bright yellow
12.Water is often bright pink
13.Milk is usually green
14.Feathers are very heavy
15.Elephants are very light
16.Many insects are heavy

17.1ron bars bend easily

18.The human skull is bendy
19.Humans can walk on cold milk
20.Plants use their leaves to make cakes
21.Almost all chickens can speak
22.Whales bark at each other
23.Trees jump around to find food
24.Worms often attack humans

25. Squirrels often attack men
26.Goldfish often attack men
27.Humans can walk on thin air
28.Most humans can't walk on grass
29.Rain is usually hot

30.0range juice is very hot
31.Foxes are often purple

32.Thick wood is easy to bend
33.Rubber is quite hard to bend
34.A lot of dogs hatch from eggs
35. All girls are identical

36.Plants give birth to baby plants

© o~NOo A
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Appendix 8.2 tExample Stimuli +Belief Biases

Premise Conclusion

All dogs have feathers. A dalmatian is a do Dalmatians have feathers

All dogs are bigger than donkeys. ddhkeys Dogs are smaller than elephants
are bigger than elephants

All wood sinks in water. Oak is a type of  Oak floats on water

wood

Snow makes driving conditions safer. It It is safer to drive in the winter
always shows in the winter

All apples ardlue or pink. Tim's apple is no Tim's apple is blue

pink

All fish live in trees. A trout is a fish Fish live in water

All footballs are the same shape as tennis A football is the same shape asugby ball
balls. All tennis balls are the same shape a

rugby balls

All plants make carbon dioxide. A sunflowe A sunflower makes carbon dioxide
is a plant

All elephants are hayeaters. All hayeaters Elephants are not light

are light
All fruit is unhealthy. A banana is a fruit Bananas are healthy
All birdshave wings. A canary is a bird A canary has wings

All snakes use their tongues to smell with. Cobras use their tongues to smell with
cobra is a snake

All buses have more wheels than cars. All Motorbikes have more eels than buses
cars have more wheels than motorbikes

Rain causes the water in rivers to rise. It In Autumn the water levels in rivers drop
rains a lot in Autumn

All squirrels are red or grey. Jack's squirrel Jack's squirrel is grey

not red

All Summers are warmer than Autumns. Al Winters are warmer than Summers
Autumns are warmer than Winters

All vegetables are healthy. A carrot is a A carrot is unhealthy

vegetable

All humans produce carbon dioxide. Sally i Sally produces carbon dioxide

human

All igneous rocks are formed by magma.  Granite is formed by magma

Granite is an igneous rock

All quadrilaterals have four sides. A square A square has three sides

guadrilateral
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Appendix 8.3 £Contributions of Controls
Contribution of Controls to RealNorld Coherence Inference Generation Skill

Year 5 Year 7 Year 9 Adults
IQ Raw Score  -.23 -.20 -31 -.38*
Working -.22 -.34 -.13 <-.01
Memory
Capacity
Single Word S Rl -.08 -.06 -.13

Reading Score

*p<.05 **p<.01 ***p<.001

Contribution of Controls tiReatWorld Elaborative Inference Generation Skill

Year 5 Year 7 Year 9 Adults
IQ Raw Score -.23 -.35 -.15 -.22
Working -.15 -.21 -.12 -.03
Memory
Capacity
Single Word -.17 >-.01 -.06 -.18

Reading Score

*p<.05 **p<.01 **p<.001

Contribution ofControls to CounterfactualVorld Coherence Inference Generation
Skill

Year 5 Year 7 Year 9 Adults
IQ Raw Score .04 .01 A7 .08
Working .02 13 .10 15
Memory
Capacity
Single Word 24 21 .30 14

Reading Score

*p<.05 **p<.01 **p<.001

Contribution ofControls to CounterfactualVorld Elaborative Inference Generation
SKkill

Year 5 Year 7 Year 9 Adults
IQ Raw Score .20 A7 25 24
Working 21 .07 14 .01
Memory
Capacity
Single Word A1 .08 .08 .06

Reading Score

*p<.05 **p<.01 **p<.001
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Appendix 8.4 xComposite Analysis
Beta Values for Step 2 Variables when Exploring Accessibility of Knowledge in Step 3
and RealWorld Coherence Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Strength of .04 .20 19 A1
Belief Bias
Inhibitory .02 .16 A7 .02
Control
Amount of -.53*** -.56*** -.38* -.36**
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Accessibility of Knowledge in Step 3
and RealWorld Elaborative Inference Generation Skill aspgadent Variable

Year 5 Year 7 Year 9 Adults
Strength of A1 21 A2 >.01
Belief Bias
Inhibitory 13 A42* -.10 -.54***
Control
Amount of .01 -.23 -.70 -.19
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Explodagessibility of Knowledge in Step 3
and CounterfactuaWWorld Coherence Inference Generation Skill as Dependent

Variable

Year 5 Year 7 Year 9 Adults
Strength of 5% 37* .33* 42%*
Belief Bias
Inhibitory .05 >.01 A40* 24
Control
Amount of 13 .26 .05 A2
Knowledge

*p<.05 **p<.01 ***p<.001

Beta Values for Step 2 Variables when Exploring Accessibility of Knowledge in Step 3
and CounterfactualWWorld Elaborative Inference Generation Skill as Dependent

Variable
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Year 5 Year 7 Year 9 Adults

Strength of H4*F* AB*F* 32 A42*
Belief Bias
Inhibitory .07 T - 59** -.02
Control
Amount of .01 10 .08 .09
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Amount of Knowledge in Step 3 and
RealWorld Coherence Inferenégeneration Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Accessibility of .29 A3 51 B3*r*
Knowledge
Strength of Belief .01 .02 .18 A7
Bias
Inhibitory 15 .16 .01 .04
Control

*p<.05 *p<.01 **p<.001

Beta Values for Step 2 Variableten Exploring Amount of Knowledge in Step 3 and
RealWorld Elaborative Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Accessibility of 53* A1 A45* AQx**
Knowledge
Strength of Belief .01 15 .03 .04
Bias
Inhibitory A2 A2 -13 -.50***
Control

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Amount of Knowledge in Step 3 and
CounterfactualWorld Coherence Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Accessibility of 21 .28 .18 13
Knowledge
Strength of Belief .80*** AT 27 A4**
Bias
Inhibitory .08 >.01 A41* .25
Control

*p<.05 **p<.01 ***p<.001
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Beta Values for Step 2 Variables when Exploring Amount of Knowledge in Step 3 and
CounterfactualWorld Elaborative Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Accessibility of 10 .09 .16 .09
Knowledge
Strength of S7** A3** .34* A1
Belief Bias
Inhibitory .05 TT*R* -.63x** -.05
Control

*p<.05**p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Inhibitory Control in Step 3 and Real
World Coherence Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Strength of Belief .02 .10 .09 14
Bias
Amount of -.48** - 47> -.29 -.23*
Knowledge
Accessibility of .18 .19 A8 RoY Gk
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Inhibitory Control in Step 3 and Real
World Elaborative Inference Generation Skill as Dependfamiable

Year 5 Year 7 Year 9 Adults
Strength of >.01 A1 .20 .05
Belief Bias
Amount of -11 -.22 -.64*** -.15
Knowledge
Accessibility of ~ .56*** .01 37 A4**
Knowledge

*n<.05 *p<.01 **p<.001

Beta Values for Step 2 Variables when Explotimtgbitory Control in Step 3 and
CounterfactualWorld Coherence Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Strength of Belief .79*** A3** .32 A6**
Bias
Amount of .08 A7 .03 .08
Knowledge
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Accessibility of 19 19 13 .08
Knowledge
*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Inhibitory Control in Step 3 and
CounterfactualWorld Elaborative Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Strength of Belief .57** 27 .32 A3**
Bias
Amount of >.01 .06 22 A2
Knowledge
Accessibility of A1 .04 .06 A1
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for Step 2 Variables when Exploring Strength of Belief Bias in Step 3 and
RealWorld Coherence Inferenégeneration Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Amount of -.48** - 43%* -.33* -.26*
Knowledge
Accessibility of A7 24 A48** L7
Knowledge
Inhibitory .01 A3 .09 .08
Control

*n<.05 **p<.01 **p<.001

Beta Values for Step\2ariables when Exploring Strength of Belief Bias in Step 3 and
RealWorld Elaborative Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Amount of =17 -.16 -.60** -11
Knowledge
Accessibility of R ¥ ke .07 .33 .38**
Knowledge
Inhibitory .02 A2 -.45* -.33
Control

*p<.05 *p<.01 **p<.001

420



Beta Values for Step 2 Variables when Exploring Strength of Belief Bias in Step 3 and
CounterfactualWorld Coherence Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Amount of .08 .30 .01 A7
Knowledge
Accessibility of .02 .05 24 .09
Knowledge
Inhibitory .02 A2 A45* .33
Control

*p<.05 *p<.01 ***p<.001

Beta Values for Step 2 Variables when Exploring Strength of Belief Bias in Step 3 and
CounterfactualWorld Elaborative Inference Generation Skill as Dependent Variable

Year 5 Year 7 Year 9 Adults
Amount of .03 .06 .02 .05
Knowledge
Accessibility of .08 .20 .09 .09
Knowledge
Inhibitory .02 B4*** -.59** -11
Control
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Appendix 8.5 tBeta Values for Regression Analysis
Beta Values for RealNorld Coherence Regression Models

Year 5 Year 7 Year 9 Adults
Strength of Belief .02 14 .10 14
Bias
Inhibitory .01 A7 .09 .06
Control
Accessibility of 18 19 ATEE* 58**
Knowledge
Amount of -.48** - 47 -.31 -.24*
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for RealNorld Elaborative Regression Models

Year 5 Year 7 Year 9 Adults
Strength of .01 21 .20 .02
Belief Bias
Inhibitory A7 A2* -.04 - 49**x
Control
Accessibility of S7H* >.01 .36* .38**
Knowledge
Amount of -.17 -.23 -.B5*** -11
Knowledge

*p<.05 **p<.01 **p<.001

Beta Values for CounterfactuVorld Coherence Regression Models

Year 5 Year 7 Year 9 Adults
Strength of Belief .79** A2%* .29 A2%*
Bias
Inhibitory .06 >.01 43 .26
Control
Accessibility of .20 19 19 A1
Knowledge
Amount of .06 A7 .08 10
Knowledge

*p<.05 **p<.01 **p<.001
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Beta Values for CounterfactusiVorld Elaborative Regression Models

Year 5 Year 7 Year 9 Adults
Strength of Belief .57** A5%* .35*% A3**
Bias
Inhibitory .06 o G -.61** -.04
Control
Accessibility of <.01 .05 15 A1
Knowledge
Amount of .02 .07 .06 A2
Knowledge

*p<.05 **p<.01 **p<.001

423



